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I N offering the second issue of the MINING CATALOG for your approval we are glad to announce 
the vindication of our sanguine hopes for the success of the first edition. Again we ask the 
support and cooperation of the officials of the Mining and Quarrying Industry in making it the 
power that it should be. 

The MINING CATALOG, Metal Edition, is, in keeping with the established policy of its 
publishers, a larger and better book. Thanks to the kindly suggestions and friendly criticisms 
: of the first issue it has been possible to carry on our work in a manner pleasing to ourselves and, 
we hope, to you. 

The MINING CATALOG is one of a large and increasingly important class of publications 
known as the Catalog Group. Its function is to act as a source of information for the use of busi¬ 
ness men, executives and engineers, who seek, not display advertisements, which are available 
in the current periodicals for which they are eminently suited, but catalog information to be used 
immediately for business purposes. It is in no sense designed for the casual reader, but for the 
reader of serious mind; for the man who buys and the man who sells. 

We ask the mining man to remember that the companies represented in the MINING 
CATALOG, Metal-Quarry Edition, furnish its entire financial support, and that they alone make 
possible its free distribution. It is their desire as well as ours that this book shall reach every 
responsible man in the Mining and Quarrying industries. They wish to know what form of publicity 
brings the best results. We want assurance that the MINING CATALOG is performing its proper 
function. We ask, therefore, that this publication be given full credit for eve^ inquiry arising 
from it. Simply say you saw it in the MINING CATALOG, Metal-Quarry Edition. 

The MINING CATALOG should reach the scene of operations of every mine, quarry, mill 
and smeltery in the United States and Canada; and it is our intention that it shall find its way to 
every important concern in Mexico, Central and South America, Europe, Asia, Africa and Australia 
where there are English reading operating officials. It is sent free to each company on record in our 
offices, to colleges, universities and technical schools where mining engineering is taught, to consult¬ 
ing mining and metallurgical engineers and to each concern represented in the catalog pages of this 
book. To all others the price of the MINING CATALOG is Ten Dollars. Special prices are quoted 
to students of engineering schools and to organizations pursuing courses of study at mines. 

The KEYSTONE DIRECTORY OF METAL MINES AND QUARRIES will in the future be 
our guide in the distribution of the MINING CATALOG. Questionaires are sent to all companies on 
record in our office. These questionaires ask for tabulated information regarding your company’s 
personnel and the nature of the equipment used at your mine and in your treatment plants. An 
immediate and full response to this questionaire is the only unfailing means of insuring the receipt 
of future issues of the MINING CATALOG. 

KEYSTONE CONSOLIDATED PUBLISHING COMPANY, 

Joseph J. Vigneau, President. 

E. B. Day, Vice Pres, and Eastern Manager. 

Ralph C. Becker, Vice Pres, and Western Manager. 

E. N. Zem, Mining Engineer and Editor. 
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EDITOR’S PAGE 


It has been my privilege and pleasure to have a small part in the train¬ 
ing of a unique group of young men. They are, let us say, the symbol of a 
new “get back to school” movement in the coal mining districts of Pennsyl¬ 
vania. It seems odd to us metal miners that the group of mine operators 
whose ranks probably contain the smallest proportion of educated men should 
be the first to realize the absolute necessity of a higher education for the com¬ 
ing generation of miners. These operators, representing about ninety per 
cent of the tonnage of the Pittsburgh district, form the advisory board of 
the “Co-operative Department of Mining”of a nationally known technical school 
located in Pittsburgh. Each year about twenty men are picked from the 
“rank and file” of the mining organizations, their qualifications consisting of 
two years experience in or about the mines and a desire to succeed in their 
chosen work. In most cases their employers are directly interested, lending 
their moral and, if necessary, their financial support to help the boys through 
their two years of intensive training. The results have been a startling reve¬ 
lation to those who have been fortunate in having a hand in this educational 
experiment. 

I have no intention of drawing odius comparisons between our branch 
of the mining profession and the phase dealing with coal production. My 
object is merely to direct your attention to the young fellow who is helping 
your assayer, chaining for your engineer, “herding tables” in your concentrator; 
he may be running a motor or a drill; his guiding star may be a shift bosses’ 
berth when it might as well be a superintendent’s. 

Here logically comes my point. If you cannot give him an educational 
boost, at least give him your last year’s MINING CATALOG when you receive 
this issue. Put it where he can use it in his work not only for his own instruc¬ 
tion but for your profit. 

Those who received the first issue of the MINING CATALOG will re¬ 
member that we asked you to criticize it. We wish to make this request more 
emphatic; to impress upon you the fact that we live and thrive on criticism, 
for by criticism only may we know when and how we fall short of the standard 
we set. We shall be disappointed this year if we do not receive, not com¬ 
mendation only, but honest, helpful criticism of both matter and form. We 
want you to take time to go through the book from cover to cover with this 
in mind. 

Changes have been made to conform to suggestions and to make the 
book more valuable to the majority of its users. The sections have been 
arranged in a more logical order. Some articles have ^ven way to matter 
which, in the opinion of the editors, will be of more practical value. The most 
radical change is in the indexing. The sections have been numbered and the 
Index of Sections has been placed inside the front cover of the book. Facing 
this page is another Index showing alphabetically all general classes of ma¬ 
chinery indicated in the section titles. No claim of originality is made for 
this feature. It may be found in Mark's Mechanical Engineer’s Handbook and 
Peele’s Mining Engineer’s Handbook. This arrangement will be particularly 
pleasing to those accustomed to using these two well known reference works. 
Do you like the idea? Tell us if you do or do not. 

W. L. REMICK, Associate Editor. 
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Calculations, Units used.232 

Data .228 

Data, California Dredges.524 

Equivalents .140 

Firing of Explosives.549 

Motor Characteristics .229 

Precipitation, Testing for.730 

Properties of Mine Tracks.233 

Terms and Definitions .228 

Units, Equivalents.232 

Units, Rules for.232 

Electrical Machinery and Supplies.227 
Electrochemical— 

Equivalents .731 

Series of Elements .768 

Electrolytes, Resistances of. Cop¬ 
per Refinery .731 

Electrostatic Separation, Speci¬ 
men Form .619 

Elements, Electrochemical Series.768 
Elevation of Rail on Curve.. .326, 327 
Elevators, Belt— 

Boots and Housings .592 

Buckets, Dimensions .594 

Comparison .591 

for Ore and Water.591 

Inclined .593 

Patching . 596 

Placing New Belt.595 


Power Required.591 

Price of Belting.591 

Pulley Diameter and Speed... .593 
Receivers, Buckets and Pulley..594 

Vertical .593 

Elevators, Wet Bucket— 

Design .596 

Overspeeds .597 

Emulsification Tests, Oils.533 

Engine, Diesel.135 

Engine, General, Lubrication .... 538 

Engine Oils .534 

Engine Room Data.140 

Engineering Estimation, Eliminat¬ 
ing Waste . 61 

Engineering, Prospecting, Explor¬ 
ation . 57 

Engines— 

Sizes of Pipes for.141 

Specimen Form Sheets for.133 

Stationary Gasoline, Lubrica¬ 
tion .537 

Steam, Horse Power of.140 

Equipment Data, California 

Dredges .524 

Equipment for Ventilation .467 

Equivalents— 

Electrical Units .232 

Electrochemical .731 

for Liquids, Weights and Meas¬ 
ures .325, 727, 729 

Mechanical, Electrical, Heat... .140 
Estimating, Elimination of Waste. 61 

Evaporation of Water, Cost.128 

Expansion— 

of Rails. 327 

of Steam Pipes.128 

Expansion and Contraction of Ma¬ 
terials .802 

Exploration, Engineering, Pros¬ 
pecting . 57 

Explosives— 

Accidents and Precautions .... 552 
Blasting, Comparative 

Strengths .546 

Description .543 

Electrical Firing .549 

Firing .546 

High, Ingredients .554 

Storage of .551 

Tamping .549 

Thawing .550 

Explosives and Blasting.542 

P 

Fabric Belts .193 

Face of Winding Drum (Tables). .387 

Factor, Power.230 

Factors— 

Friction—Water .444 

Table of Free Settling (Table).600 
Fans— 

Disc, Small, Chain Drive for.. .195 

Installation of.471 

Feed, Circulating.608 

Feed Controllers for Powdered 

Fuel .729 

Feed Water Heaters for Boilers.. 127 

Files, Dull, Sharpening .798 

Fire Hazard in Mine Timber.. .*. .110 
Fire Prevention and Fighting in 

Metal Mines .777 

Fire Tests, Oils .533 

Firing Explosives, Means .546 
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First Aid— 

for Poisons .776 

Methods for Accidents .774 

Fittings— 

Flanged .129 

Flanged, U. S. Standard 

Schedule .139 

Pipe .131 

Flanges and Fittings, U. S. 

Standard .139 

Flanges, Unions and Pipes.131 

Flash Tests, Oils .633 

Flask, Sp. Gr. Application.697 

Flat Ropes—Hoisting with.383 

Flotation— 

Addition Agents.746 

Aeration .747 

Bottle Test .750 

Coal .754 

Coal Tar Oils.755 

CO 2 Test.750 

Factors for Success.745 

Mechanical Tests .751 

Oils .755 

Oxidized Ores .748 

Petroleum .748 

Phenomena .746 

Pneumatic Machine.761 

Preferential .748 

Process, The .746 

Processes, Types .746 

Results and Costs .749 

Testing Ores for.760 

Tests on Zinc Table Slimes.763 

Wood Oils .766 

Flotation and Chemicals.744 

Flow of Gas in Pipes.732 

Fluxes and Solders .806 

Fractions and Decimals (Tables).806 

Framing Round Timbers . 99 

Free Air— 

Cu. ft.149 

From Compressed Air .146 

' Free and Hindered Settling.600 

Free Settling, Table of Factors..600 
Frequency and Speed Tables, 

Motors .231 

Friction— 

Factors of Water.444 

Fluid .631 

Loss in Water Head. .439 

of Water in Pipes.444 

Solid .631 

Solid and Fluid .631 

Friction Coefficient^ 

on Band Drives ..606 

Ventilation .466 

Frog— 

and Switch Data.326 

Number of, to find.327 

Frogs and Turnouts, Rules for 

Measuring .327 

Fuel, Powdered— 

Advantages .726 

Burners .729 

Disadvantages .726 

Dryers .728 

Exhausters .728 

Feed Controllers.729 

Fuller System .727 

Heyl & Patterson System.728 

Holbeck System .728 

Information for Manufacturers..729 

Number of Installations.726 

Pulverizer .726 


Quigley System .727 

Separators . 728 

Some Applications.725 

Transport System .727 

Fuels, Diesel Engine.135 

Fuller System, Powdered Fuel... 727 

Fulminates .546 

Furnace, Anode, Calculation of 

Charge .722 

Furnaces for Forging and Temper¬ 
ing Drills .286 

Fuses, Sizes of in Amperes for 

Motors .233 

Fusion, Latent Heat of.732 

G 

Galvanized Sheets, weight of.803 

Gas, Flow of in Pipes .732 

Gaskets for Pipe .132 

Gate, Station, Safety Device.384 

Gauge— 

U. S. Standard .803 

U. S. Standard for Sheet Metals.807 
Gear Ratio or Relative Speed... .205 

Gear Reduction, Handy .797 

Gears— 

Dimensions of Standard Key- 

seats .205 

Herringbone .203 

H.P. of .205 

Maximum Speed.205 

Rules and Definitions .202 

Specimen Form Sheet for.204 

Spur, Efficiency .205 

Gelatine, Blasting .545 

General Machinery, Shop and Re¬ 
pair .796 

Geological Definitions. 58 

Geometry, Descriptive, in Mining. 64 
Glass— 

Drilling Holes Through.799 

Window, Weight and Thickness 

of . 89 

Glues .797 

Gold Ores, Treatment Rates.768 

Gold Table for Dredg^ing.523 

Gold Value of a cu. yd. of Gravel.523 

Grade of Discharge Pipes.609 

Grades and Corresponding De¬ 
grees, Hoisting.391 

Graphite, Lubrication.532 

Gravel— 

Gold Value of a cu. yd.523 

in Concrete Mixtures. 90 

Washing, Rocker .619 

Gravities and Weights of Petrol¬ 
eum Oils .639 

Gravity— 

Specific Chart.703 

Tests of Oils .632 

Grease— 

Analyses .536 

Axle .537 

Composition .536 

Cup .536 

Lubricating .532, 536 

Soda .536 

Grinding Mills, Drives .577 

Grinding Pan Data.619 

Gun Powder .543 

Guncotton .545 

Guying Poles.135 

Gyratory and Jaw Crushers.568 

Gyratory Crushers, Crushing with, 
(Table) .617 


H 

Hair in Plaster, Amount to Use.. 88 


Hammer Drill Bits.289 

Hardened Steel, to Drill .798 

Hardening, Case .798 

Hardness, Scale of.613 

Haulage .314 

Haulage— 

Capacity Table .324 

Electric Locomotive, Tonnage.. 323 

in Butte Mines .321 

Mechanical, Some Disadvan¬ 
tages .315 

Mule, Expense .317 

Mule in Metal Mines.315 

Mule, Limitations ..315 

Mule, Track Conditions.316 

Rail and Track Data .326 

Rails, Light Steel .326 

Rails, Minimum Size .323 

Rope Data .392 

Storage Battery, Advantages.. 318 
Storage Battery Locomotives.. .318 

Tonnage of Electric Locomo¬ 
tives .323 

Tractive Effort, Formula.324 

Wheel Base, Relation to Mini¬ 
mum Curve.323 

Head- 

in Feet and Equivalent Pres¬ 
sure—Water .446 

Loss in, by Elbows.439 

. Water, Lost in Pipes by Fric¬ 
tion .439 

Water Pressure at.438 

Heat— 

and Temper, Colors.800 

Equivalents .140 

Latent, of Fusion.732 

Help in Case of Accidents.774 

Herringbone Gears .203 

Hindered and Free Settling.600 

Hindered Settling .604 

Equation .602 

Hitches and Knots. 91 

Hoist— 

Largest in the World.384 

Station Gate, Safety Device.... 384 

Hoisting . 377 

Hoisting— 

Acceleration .380 

by Compressed Air (Tables).. .152 

Cars per Hour.388 

Depth of Mine .378 

Face of Winding Drum (Tables) .387 
Grades and Corresponding De¬ 
grees .391 

Plant, Specimen Sheet for.395 

Power on Various Pitches.390 

Signals for .396 

Speed .379, 384 

Tension on Rope for Incline 

Plane .390 

Wire Rope, Care, Lubrication, 

Handling .393 

with Flat Ropes.383 

Hoisting Rope.383 

Bending and Working Stresses.389 

Data .392 

Fastening to Drum and Cage.. 380 

Inspection .380 

Life . 381 

Lubrication .382, 639 

Rules for Installation .394 

Safety Factor.379, 391 


MINING CATALOG 


Digitized by 


Google 























































































































































































9 



ill j ii M mt otti T’flimtK. u 






ii:niiiuciin»um«ni 


Index to Engineering Data 



Safety Practice .378 

Size ..378 

Specifications .379 

Speed, Pull and H.P. Formulas..391 
Strain by Load on Incline Plane.392 

Wound on Drum.389 

Hoists, First Motion, Unbalanced 

Loads Lifted .385 

Holes, Drill— 

Diameter and Depth .553 

Depth of.290 

in Tunnel .289 

Per Round .290 

Spacing, Blast Hole Drilling... 553 
Spacing,, Machine Drill (Table).553 
Horse Power— 

and Kilowatts .231 

Belt .200 


Boilers (Table) .127 

Crushing Rolls .571 

Input, at various efficiencies. 

Pumps .443 

Rope Pull and Speed Formulas.391 

Steam Engines .140 

Theoretical, to Raise Water... .442 

to Compress Air.149 

Humidity of Mine Air .467 

Hydraulic, Dredging and Placer..514 

Hydraulic Mining and Dredging 
Data .521 


Hydraulicking Riffies.516 

Hydrocyanic Acid, Poisonous Ac¬ 
tion .776 

Hydrometallurgy and Cyanidation.675 


1 


Impurities, in Anodes, Allowable 


Limits .723 

Inch, Miner's, Duty of Alaska Dis¬ 
trict .521 

Inclines— 

Grades and Corresponding De¬ 
grees .391 

Power to Haul Cars on—Chart.390 
Tension on Wire Rope (Table).391 
Inspection of Ropes, Hoisting.—. .380 

Insulation of Steam Pipes.141 

Insulators ....135 

Inventories .825 

Iron— 

Cast, Pipe .132 

Flat, Weight of.802 

or Zinc, Coppering.799 

Polishing Like Steel.798 


J 


Jaw and Gyratory Crushers.568 

Jig Feeds, Screen Opening's.599 

Joints of Pipes and Valves.129 


K 


Keyseats, Standard, for Gears, 


Dimensions .205 

Kilns, Cement, Powdered Fuel in.. 725 

Kilowatts and Horse Power.231 

Knots for Engineers. 91 


L 


Laboratory and Assaying.765 

Lacing Rubber Belts. .197 

Lamp- 

Acetylene .479 

Carbide .479 

Latent Heat of Fusion.732 


Lath, Amount to Use. 88 

Launder Data .608 

Launders, Slope of .610 

Lay of Hoisting Ropes.383 

Lead Pipe, Weights and Dimen¬ 
sions .807 

Leakage of Compressed Air Lines.151 

Leather Belts .193 

Lifts, Air— 

Construction and Operation.... 699 

Notes on .699 

Pressure to Operate.696 

Pumping .437 

Requirements . 700 

Lighting, Mine.478 

Lights— 

Acetylene Lamp.479 

Electric, Mine .479 

Mine .479 

Mine, Development .479 

Lime, Amount to Use. 88 

Line, Transmission, Constants ...231 
Lines— 

Compressed Air, Leakage .151 

Electric and Transmission.134 

Poles, Selection of.134 

Steam, Size of.132 

Load— 

Circulating, Ore Dressing.612 

on Cableways .506 

Table for Steel Beams . 86 

Table for Wooden Beams. 85 

Time of on Cableways .506 

Loading— 

Output of Steam Shovels.490 

Steam Shovel .490 

Loading Data—Handwork .490 

Loading, Underground and Drill¬ 
ing .281 

Loads— 

on Tramways .507 

Unbalanced, Lifted by First Mo¬ 
tion Hoists.385 

Wind and Snow on Roofs. 89 

Wind on Roofs . 89 

Locomotive Cranes, Lifting Capa¬ 
cities .490 

Locomotives— 

Batte^ Capacity (Tables) ....324 
Combination — Performance 

Data .321 

Electric, Tonnage.323 

Formula for Tractive Effort of.324 

Storage Battery .318 

Trolley Type, Inspection and 

Maintenance .320 

Trolley Type, Maintenance.319 

Trolley Type, Specimen Form 

Sheet .322 

Trolley Type, Troubles .320 

Lubricating— 

Greases .530 

Oils, Advantages of Petroleum. .532 

Lubrication .530 

Lubrication— 

Bearings .532 

Belt Conveyor.589 

Compressors .538 

Cutting Tools .539 

Data .531 

Diesel Engines.137 

Dynamos and Motors .537 

General Engine .538 

Graphite .532 

Grease.532 


Hoisting Rope.382, 539 

Mica .532 

Mine Car Journals.539 

Pneumatic Tools.539 

Rotary Transformers .537 

Shafting .538 

Stationary Gasoline Engines... 537 

Steam Turbines .538 

Various Machines .537 

Wire Hoisting Rope .393 

Oil .531 

Lumber Table . 89 

M 

Machinery, Electrical and Sup¬ 
plies . 227 

Machinery, General, Shop and Re¬ 
pair .796 

Magazines— 

Distances, American Practice... 554 
Powder and Dynamite, Rules 

for . 779 

with Aisles .554 

without Aisles.654 

Marking Solutions .799 

Masonry— 

Brick Work . 87 

Stone Work . 87 

Materials— 

Bills of. Requisitions.824 

Building, Strength of. 87 

for one cu. yd. of Concrete.107 

Metals and Alloys, Strength of. 87 

Returned, Record of .826 

Weight of . 88 

Materials, Building . 84 

Measure, Board . 89 

Measures and Weights— 

Equivalents .766 

Equivalents of Liquids.325, 727, 729 

Metric System .231 

Mechanical Equivalents .140 

Melting Points of Metals.805 

Mercuric Chloride as Preservative.111 

Meridian, Determination of. 71 

Mesh, Screen, Maximum Size 

Passing (Table) .600 

Metallurgy, Smelting and Refin¬ 
ing .717 

Metals— 

Hard, Turning .798 

Melting Points of.805 

Sheet, Market Sizes .806 

Sheet, U. S. Standard Gauge... 807 

Sheet, Weight per sq. ft..800 

Surface Tension of .732 

Vapor Tension of.732 

Weight and Sp. Gr. of.802 

Weights of, to compute.803 

Writing on.‘ . 799 

Metals and Alloys— 

Notes on . 799 

Relative Resistance.236 

Strength of .! 87 

Metric System, Weights and Meas¬ 
ures .231 

Mica as Lubricant.632 

Middlings, Wilfley and Concen¬ 
trates . .612 

Mill and Mine Supplies...822 

Mill Data .608 

Milling and Ore Dressing.567 

Mills— 

Ball, Conical, Capacity of..590 


Ball, Cylindrical, Capacity of..590 

MININO CATAIjOO 


Digitized by v^ooQle 


































































































































































Index to Enginet 


a 


Ball, Power—Load Curve. 574 

Chilean, High Speed, Crushing 

with .617 

Gold, Power for.614 

Grinding, Belt, Gear and Chain 

Drive .677 

Pebble, Conical, Capacity of...690 
Pebble, Cylindrical, Capacity... 690 
Stamp, Weights and Dimensions 

of Parts ..616 

Tube, Data . .. 618 

Tube, Pebble Load, Weight.617 

Mine and Mill Supplies.822 

Mine Curves, Laying oif. 73 

Mme Lighting.478 

Mine Timbers, Strength ojP...118 

Mineral Grains— 

Equation for Settling.601 

Falling Velocity.601 

Free and Hindered Settling... .601 
Mineral Products, Non-Metallic, 
Undesirable Diversity in .... 488 


Minerals— 

Economic, Principle.767 

Good Conductors .618 

Poor Conductors.618 * 

Rock-forming, Chemical Compo¬ 
sition . 60 

Specific Gravity of.613 

Minerals and Rocks, Specific Vol¬ 
ume . 76 

Miner’s Inch— 

Duty of, Alaska District .521 

Water Measurement.623 

Mixtures— 

Cement, Gravel and Stone. 90 

Concrete . 90 

Concrete and Mortar. 90 

Mortar Mixtures . 90 

Motor— 

' Characteristics, Electrical .229 

. Oils .634 

Motors— 

. and Dynamos, Lubrication of.. .637 

Current for .232 

D. C- Starting and Stopping.... 229 

for Pumps . 442 

Sizes of Fuses for. [233 

Speed and Frequency Tables...231 
Mule Haulage— 

in Metal Mines.316 

Limitations . 315 

Mules, Characteristics . 316 

Multipliers, Miscellaneous .767 


N 


Neutral Oils . 534 

Nickel in Pig Copper.723 

Nitroglycerin .645 

Nuts and Bolts— 

(Table) .801 

Trays for. 797 

U. S. System. 804 


O 


Ohm’s Law Formulas .232 

Oil Lubrication.631 

Oils— 

Blended .534 

Car, Analyses .636 

Car, Black, Reduced, Well.635 

Cold Tests .633 
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Compounded .534 

Compressor .634 

Cylinder .534 

Cylinder, Analyses.535 

Emulsification Test.633 

Engine .634 

Fire Tests .633 

Flash Tests .633 

Flotation . 756 

Flotation, Wood ....766 

Gravity Test. .532 

Lubricating, Advantages of Pe¬ 
troleum .632 

Motor . 634 

Neutral . 634 

Non-fluid and Soap—Thickened.637 

ParaflBn .633 

Petroleum, Gravities and 

Weights .639 

Transformer . 537 

Turbine . 534 

Types of. 533 

Vaporization Tests. 533 

Open Cut and Quarry.488 

Ore-Chute Timbering .108 

Ore, Broken, Weight of.613 

Ore Dressing— 

Data, Miscellaneous .613 

Machinery, Power required.614 

Ore Dressing and Milling.667 

Ore-Dump, Limits to find. 66 

Ore-Dump on Property Line. 66 

Ore s — • 

Gold, Treatment of. Rates_ 768 

Oxidized, Flotation of.748 

Testing for Flotation .750 

Orifice, Discharge of Air Through.146 
Outcrop— 

of Folded Vein, to determine... 69 

of Vein, to Plot. 68 

Oxidized Ores, Flotation .748 

P 

Paint, Amount to Use . 88 

Pan, Grinding, Data .619 

Parabolic Curve, Length of.606 

Paraffin Oils .633 

Pebble Load, Tube Mills, Weight.617 
Pebble Mills- 

Conical, Capacity of.590 

Cylindrical, Capacity of.690 

Petroleum— 

Advantages as Lubricant.632 

Flotation .748 

Specifications, Diesel Engines.. 136 

Pig Copper, Nickel in.723 

Pips- 

and Pump Formulas .448 

Capacities, Comparative Table..446 

Cast Iron .132 

Dimensions . 449 

Fittings .131 

Gaskets .132 

Joints.129 

Lead, Weights and Dimensions. 807 

Standard Wrought.446 

Supports .132 

Wood Stave, Flow and Velocity 

of Watet in.450 

Wrought .132 

Wrought, Extra Strong.446 

Pipes— 

Discharge, Grade of. Ore Dress¬ 
ing .609 


Flanges and Unions.131 

Flow of Gas in.732 

Friction of Water in. 444 

Frozen, Thawing. 799 

Sizes for Engines.141 

Steam, Bare, Condensation in.. 141 
Steam, Bare, Loss of Heat from. 141 

Steam, Coverings.141 

Steam Expansion of.128 

Steam, Loss of Heat from.141 

Water Flow in . 447 

Piping— 

System .129 

Valves .129 

Piston Speed— 

in Pumping. 44 I 

or Rope Speed, to find.. 386 

Pitches, Power Required to Haul 

Cars on. 39 O 

Placer, Hydraulic and Dredging . .614 
Plaster- 

Amount to Use. 88 

Hair, Amount to Use. 88 

Plates, Punching (Table) .807 

Platinum, Washing from Sand...520 
Ply of Belt for Belt Conveyor.'.. .679 

Pneumatic Tools, Lubrication_639 

Poisoning, Cyanide, Antidote for.776 
Poisonous Action of Hydrocyanic 

Acid Gas .776 

Poisons— 

First Aid for .776 

Special, Antidotes .776 

Pole Guying .136 

Poles~' ■ 

Spacing, Transmission Lines .. 134 
Transmission Line, Selection of. 134 

Polishing Iron.798 

Powder— 

and Dynamite Magazines, Rules 

for .779 

Black Blasting .644 

Chlorate .645 

Gun .643 

Power— 

Cost per H.P. Day.614 

Concentrating Mills.614 

Equivalent, Engines .140 

Factor .231 

Gold Mills .614 

Ore Dressing Machinery.614 

Plant Data — Engrines, Power 

Equivalent .140 

Various Pitches, Hoisting.390 

Power and Power Factor.230 

Power Plant .124 

Power Transmission .192 

Pv^wer Transmission— 

Data .■.201 

on Cableways .606 

Precipitation, Electrical Testing 

for .730 

Preferential Flotation .748 

Preservation— 

of Mine Timber.109 

Timber, Effect on Strength_115 

Timber, Effectiveness .115 

Timber Susceptible to.114 

Preservative Equipment and Cost..ll3 
Preservative Process— 

Pressure .112 

Steeping .113 

Surface .113 

Tank .112 

Timber, Standard. 110 
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Preservatives— 

Application .112 

Copper Sulphate.Ill 

Creosote . 110 

Mercuric Chloride .Ill 

Selectini? .112 

Sodium Fluoride.Ill 

Water Gas Creosote.112 

Wood Tar Creosote.112 

Zinc Chloride .Ill 

Pressure— 

Barometric .442 

Loss in Compressed Air Trans¬ 
mission .146 

Safe, Working .142 

Steam, Average Throughout 

Stroke .140 

Water at Various Heads.438 

Wind, on Roofs. 89 

Prime Movers, Steam Consump¬ 
tion in.140 

Primers .648 

Property Line, Ore Dump on.66 

Prospecting, Exploration, Engin¬ 
eering . 67 

Pulleys— 

Diameter .199 

Head and Tail on Belt Conveyor.681 

Size and Speed, Rules.201 

Size of.196 

Pulleys and Shafts .196 

Pulp Constants— 

Hydrometallurgical .679 

Preparation of Tables.680 

Sp. Gr. Method of Determining 

Tonnage .689 

Temperature Eifects .689 

to Determine the Sp. Gr. of Dry 

Slime.689 

Use of Tables .693 

Variation due to sp. gr. of Solu¬ 
tions .687 

Pulps— 

Sp. Gr. of, to Determine.697 

Total and Dry Solids in Pulps, 

Tonnage Measurements .698 

Pulverized Fuel.726 

Pulverizer for Powdered Fuel.... 726 
Pump- 

Capacities—Single Acting.443 

Rules . 446 

Pump and Pipe Formulas.448 

Pumping— 

Air Lift.437 

Costs .441 

, Efficiencies at Various Input 

Horse Powers.443 , 

Piston Speed.441 

Pumping and Drainage.432 

Pumps— 

Capacity Table.440 

Centrifugal and Reciprocating. 436 
Classification and Definitions... 433 

Drives for .196 

Motors for.442 

Sizes and Capacities.434 

Specimen Order for.436 

Pumps and Pipe Lines, Useful In¬ 
formation .440 

Punching Plates (Table) .807 


IVritic Smelting, Some Es8entials.718 


Q 


Quarry and Open Cut.488 

Quarrying and Blast Hole Drilling.490 

Quarrying Data .490 

Quigley System, Powdered Fuel.. .727 

R 

Rack for Heavy Materials.797 

Rail- 

Elevation, on Curve .327 

Outer, Elevation of.326 

Rail and Track Data .326 

Railroad Spikes .326 

Rails— 

Expansion .T.327 

Light Steel .326 

Minimum Size of.323 

Price per ton.326 

Steel, for Riffles ..618 

Tons per Mile.326 

Track Curvature .326 

Ratio of Concentration and Recov¬ 
ery .608 

Reamers, Sharpening .800 

Receiver, Air, Calculations.144 

Records— 

Diamond Drilling. 77 

Inventories.826 

Requisitions .824 

Stock Books .824 

Warehouse .823 

Way Bills .823 

Recovery and Ratio of Concentra¬ 
tion .608 

Reduction, Gear, Handy.797 

Refining and Smelting and Metal¬ 
lurgy .717 

Refining, Copper— 

Anode Furnace Charges.722 

Application in other Fields.... 720 
Refractories, Thermal Conductivi¬ 
ty of .732 

Renewals of Mine Timber.109 

Repair, Shop and General Machin¬ 
ery .796 

Repose, Angles of. 88 

Requisitions— 

Bills of Materials.824 

Warehouse .824 

Resistance— 


Copper and Aluminum Wire...426 
Electrolytes, Copper Refinery...731 
Relative, of Metals and Alloys. .236 
Ridge, Location for Maximum Ca¬ 


pacity . 68 

Riffles— 

Hydraulicking .616 

Steel Rails.618 

Rivet Table.801 

Rock Coefficient .663 

Rocker for Gravel Washing.619 

Rocks and Minerals, Specific Vol¬ 
ume, (Table) . 76 

Rocks and Sand, Weight of.613 

Roll Data (Table) .616 

Rollers— 

Belt Conveyor, Alignment.683 

Inclined Shaft.382 

Rolls— 

Capacity, Figuring .671 

Crushing, Capacity and Horse 

Power .670 

How to Select.672 


Roofs— 

Shingles Required on.88 

Wind and Snow Loads on.89 

Wind Load on. 89 


Rope— 

Cast Steel, Bending and Work¬ 
ing Stresses.389 

Drives .193 

Fastening to Drum and Cage... 380 

Flat .383 

Flat, Hoisting with.383 

Hoisting . 383 

Hoisting, Factor of Safety.379 

Hoisting, Inspection of.380 

Hoisting, Life.381 

Hoisting, Lubrication of ..382,639 
Hoisting, Rules for Installation.394 
Hoisting, Safety Factors .. 378,391 

Hoisting, Size.378 

Lay of .383 

Specifications, Hoisting .379 

Speed or Piston Speed, to find. .386 
Speed, Pull, and H.P. Formulas.391 
Strain by Load on Incline Plane.392 

Strength .396 

Traction, on Cableway, Tension 

of .606 

Transmission, Horse Power_201 

Transmission, Manila, H.P.201 

Transmission, Steel on Wood 

Sheaves .201 

Wire, Hoisting .392 

Wire, Hoisting, to order.393 

Wire, Splicing.394 

Wire, Tension on Incline Plane.391 

Wound on Drums, Hoisting... .389 

Rubber Belts.193 

Rules for Powder and Dynamite 

Magazines .779 

Rust Preventatives .801 


Safety Factors for Hoisting 

Ropes .379, 391 

Safety Practice for Hoisting Rope.378 
Safety, Sanitation and Welfare.. .773 

Sag of Belts .196 

Sampling, Mechanical.731 

Sand— 

Amount to Use. 88 

and Rocks, Weight of.613 

Washing for Platinum.620 

Sanitation, Welfare and Safety.. .773 
Saturated Steam, Properties of.. .128 
Scale of Hardness .613 


Scales— 

Screen, Standard, Comparison. .619 


Specimen Form Sheet .731 

Thermometer .730 

Scenery and Attractiveness in 

Mining Camps .779 

Screen— 

and Stone, Schedule of Relative 

Sizes .618 

Feed .612 

Mesh, Maximum Size Passing 

(Table) .600 

Openings for Jig Feed Sizing..699 

Scales, Standard .619 

Screening Efficiencies .612 


Screw Threads, U. S. Standard... 804 
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Separators, Powdered Fuel .728 

Settling— 

Equation for Mineral Grains... 602 

Free and Hindered.600 

Free, Table of Factors.600 

Hindered .604 

of Mineral Grains, Application 

to Classification .606 

Shaft— 

Depth of, to find . 64 

Inclined, Rollers .382 

Sinking, Arrangement of Drill 

Holes .290 

Timbering in Butte District... .103 
Shafting— 

for Belt Conveyor .581 

H.P. Transmitted.205 

Lubrication .538 

R. P. M.199 

Shafts and Pulleys .196 

Sharpening— 

Dull Files .798 

Reamers .800 

Sheaves and Drums, Size.378 

Sheet Metals— 

Market Sizes.806 

U. S. Standard.807 

Weight per sq. ft.800 

Sheets, Galvanized, Weights.803 

Shingles Required on Roof. 88 

Shoot, Bearings . 65 

Shop~“ 

for Drill Sharpening.285 

Wrinkles .797 

Shop, Repair and General Machin¬ 
ery .796 

Shovels, Steam, Loading .490 

Shrinkage of Castings .803 

Sieve Scales, Standard.619 

Signals for Hoisting.396 

Slime Density Relations .702 

Slope of Launders .610 

Smelting and Refining, Use of 

Powdered Fuel .725 

Smelting, Pyritic, Some Essentials.718 
Smelting, Refining and Metal¬ 
lurgy .717 

Snow and Wind Loads on Roofs... 89 
Snub, Use of on Belt Conveyor.. .580 

Soda Grease .536 

Sodium Fluoride as Preservative.Ill 
Sodium Hydrate, N/10 Solution to 

Prepare .678 

Softening Steel.798 

Solar Observations for Azimuth 

Computation ... 72 

Soldering— 

Acid .798 

without Heat.798 

Solders and Fluxes .805 

Solids— 

Density, Accuracy of.699 

Density to Determine.697 

Specific Gravity— 

and Weight of Metals.802 

Chart .703 

Flask, Application .697 

Minerals .613 

Pulps, to Determine.697 

Specific Volume of Rocks and Min¬ 
erals (Table) . 76 


Specimen Form for— 

Boilers .133 

Carbon Brushes ...229 

Compressors .... ‘..143 

Contract Drilling. 76 

Electric Power . 133 

Electrostatic Separation _..619 

Endless Belts .197 

Engines .133 

Gearing .204 

Hoisting Plant.395 

Powdered Fuel Installations.... 729 

Pumps . 435 

Scales .731 

Track Material .327 

Trolley Type Locomotives.322 

Water Wheels .134 

Wire Rope .393 

Speed— 

Belts .196 

Drills . 805 

Hoisting .379, 384 

Speed and Frequency Tables of 

Motors .231 

Spikes, Railroad.326 

Splice Joints per Mile .326 

Splicing— 

Belts .197 

Wire Rope .394 

Spur Gearing, Efficiency .205 

Square Sets, Framing. 96 

Stack Draft Formula .732 

Stamp Mill Parts .615 

Starting and Stopping Motors, 

Electrical .229 

Steam— 

Boilers, Rules for Management 

and Care of.125 

Consumption Ranges in Prime 

Movers .140 

Engines, Horse Power of.140 

Expansion of Pipes.128 

Lines, Size of.132 

Pipes, Loss of Heat from.141 

Pressure, Avg. Throughout 

Stroke .140 

Saturated, Properties of .128 

Shovel, Loading .490 

Superheated, Properties of .... 128 

Used Expansively .140 

Steel— 

Annealing .798 

Beams,Safe Load Table.86 

Drill, Sharpening Shop.285 

Drill, Standardization .282 

Drill, Stuck .283 

Hardened, Drilling. 798 

Softening .798 

Tempering on One Edge Only.. 798 

Tempering Very Hard .798 

Welding Mixture for .798 

Steels, Drill .282 

Stitched and Woven Belts.193 

Stock Books .824 

Stocks, Cylinder— 

Filtered .534 

Steam Refined.534 

Stone and Screen, Schedule of 

Relative Sizes ...618 

Stone in Concrete Mixtures. 90 

Stone Work, Masonry. 87 

Storage Battery Locomotive Haul¬ 
age .318 

Storage of Explosives.551 


Strain on Hoisting Rope on In¬ 


cline Plane.392 

Strength of— 

Rope .396 

Timber . 89 

Stresses, Bending and Working in 

Hoisting Rope.389 

Strike and Dip, Graphical Deter¬ 
mination .'. 62 

Strike, to find . 64 

Superheated Steam, Properties of.l28 

Supplies, Distribution.824 

Supplies, Electrical and Machin¬ 
ery .227 

Supplies, Mine and Mill.222 

Supports for Pipes .132 

Supports, Mine .•. 84 

Surface Tension of Metals, Com¬ 
parison .732 

Surveys, Ditch, Simple Methods of 

Making . 515 

Switch and Frog Data.326 

T 

Tamping Explosives . 549 

Tank, Settling, Products .612 

Tanks and Cisterns, Capacity of. .142 
Tape, to Lay Off an Angle with.. 63 

Tar Oil for Diesel Engines.136 

Temper and Heat, Colors.800 

Temperature Conversion Tables...766 
Tempering and Forging Drills, 

Furnaces .286 

Tempering and Treatment of 

Small Tools .800 

Tempering Steel— 

on One Edge Only.798 

Very Hard .798 

Tension— 

Belt .199 

Belt Conveyor.581 

Surface, of Metals, Comparison. 732 

Vapor, of AS 2 D 3 .732 

Vapor, of Metals .732 

Wire Rope on Incline Plane... .391 
Tests— 

Electrical Precipitation .730 

Fire, Oils .533 

Flash, Oils .533 

Gravity, Oils .532 

Oils, Cold . 533 

Oils, Emulsification . 533 

Oils, Vaporization . 533 

Testing— 

Cyanide .677 

Ores for Flotation .750 

Thawing— 

Explosives .550 

Frozen Pipes. 799 

Thermal Conductivity of Refrac¬ 
tories .732 

Thermometer Scales .730 

Threads, Screw, U. S. Standard... 804 

Ties, Cross, per Mile. 326 

Timber— * 

Cost..109 

Decaying, Effect of.109 

Fire Hazard . 110 

Mine, Preservation .109 

Preparation and Storage. 110 

Preservatives, Standard. 110 

Renewals .109 

Strength of . 89 

Treated, Use of. 110 
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Index to En^neerin^Data 


Timbering— 

Framing Square Sets . 96 

Ore Chute .-.108 

Shaft in Butte District.103 

Timbering, Mine. 84 

Timbers— 

Mine, Strength of .118 

Round, Framing. 99 

Tonnage of Electric Locomotive.. 323 

Tools— 

Cutting, Lubrication .639 

Small, Treatment and Temper- 

i_ QAA 


Towers, Tramway, Radius of 

Curves Through .507 


Track”” 

and Rail Data.326 

Bevels .326 

Bolts .326 

Bonded, V^oltage Drop in ......233 

Cables, Weight and Strength of 

for Cableway.504 

Conditions, Mule Haulage.316 

Material, Specimen Form Sheet.327 
Mine, Electrical Properties of...233 

Tractive Effort, Formula for-324 

Tramway and Cableway Data.... 504 


Tramways— 

Capacity . 

Construction at Crests . 

Continuous System . 

Double Rope. 

Elements. 

Length . 

Load . 

Radius of Curves Through Tow- 


607 

507 

507 

607 

507 

607 

507 


Relations of Cable Sizes, Loads, 


etc., to Tonnage.507 

Towers .507 


Tramways, Aerial and Cableways.503 
Transformer Oils .537 


Transformers— 

Distribution, Standardization ... 237 


Power, Standardization .238 

Rotary, Lubrication.537 


Transmission— 

Lane Constants .231 

Lines, Electric . 134 

Losses — Compressed Air .... 146 

Power on Cableways.505 

Power, Data .201 

Rope, H.P.201 

Transmission, Power.192 

Transmitting Motion, Develop¬ 
ment of Methods .194 

Transport Systems for Powdered 

Fuel .727 

Trays for Bolts and Nuts.797 

Treatment Rates for Gold Ores..768 

Tripper Pulleys, Diameter.586 

Trippers for Belt Conveyors.584 

Trolley Type Locomotives Main- 

tainance .319 

Tube Mill Data.618 

Tube Mills, Pebble Load, Weight. .617 
Tubes, Boiler, Standard, Proper¬ 
ties of .141 

Tunnel, Length of, to find. 65 

Tunnels, Drill Hole Arrangement. 289 

Turbine Oils .534 

Turbine, Steam, Compared with 

Diesel Engines .1^7 

Turbines, Steam, Lubrication . .. .538 


Turning Steel or other Hard 

Metals .798 

• Turnout and Frogs, Rules for 

Measuring .327 

Types of Oils .533 


U 

Unbalanced Loads, Vertical, Lifted 


by First Motion Hoists.385 

Unions, Flanges and Pipes.131 

V 

Valve Data .129 

Valves, Material .129 

Vapor Tension— 

AS 2 O 3 .732 

Metals .732 

Vaporization Tests, Oils .533 

Varnishes . 798 

Vein— 

Folded, Outcrop, to Determine. 69 

Outcrop, to Plot. 68 

Thickness, to find. 66 

Ventilating Fans, Installation of. .471 

Ventilation .464 

Ventilation— 

Coefficient of Friction.466 

Data . 465 

Equipment . 467 

Mine, Formulas.470 

Mine, Natural.465 

Principles of .468 

Viscosity, Oils.531 

Voltage— 

Drop in Bonded Track .233 

Loss in Copper Wires.233 

Loss in Mines.236 

Volts, Amperes, Watts, etc.232 


W 


Warehouse Records.823 

Materials Returned .825 

Washing Gravel, Rocker .519 

Waste, Elimination in Engineering 

Estimating. 61 

Water— 

Boiler Supply .128 

Carrying Power of.523 

Characteristics .614 

Conversion Tables.442, 696 

Cost of Evaporating.128 

cu. ft. of Air and Pressure to 

Raise .449 

Flow and Velocity in Wood 

Stave Pipes . 450 

Flow in Pipes .447 

Friction Factors.444 

Friction in Pipes .444 

Head in Feet and Equivalent 

Pressure .446 

H.P. to Raise .442 

Loss in Head by Elbows.439 

Loss in Head by Friction .439 

Pressure at Various Heads.438 

Relative Quantities .441 

Solubility of Air in.696 

Useful Figures and Formulas. .448 

Value of Miner’s Inch.523 

Wheels, Specimen Form Sheets 

for .134 

Watts, Amperes, Volts, etc.232 

Waybills .823 

Weight of Air .465 


Weights— 

Assay Ton .767 

Atomic, International .768 

Bare Copper Wire.233 

Broken Ore .613 

Carriage Bolts ..804 

Flat Iron .802 

Galvanized Sheets .803 

Materials and Angles of Repose. 88 

Metals, to Compute ....803 

Rocks and Sand.613 

Sheet Metals per sq. ft.800 

Square and Round Wrought 

Iron .802 

Wire .803 

Weights and Dimensions— 

of Lead Pipes .807 

of Stamp Mill Parts .615 

Weights and Measures— 

Equivalents ...766 

Equivalents of Liquids.325, 727,729 

Metric System .231 

Weights and Sp. Gr. of— 

Metals .802 

Wood . 89 

Weights and Thickness of Win¬ 
dow Glass . 89 

Welfare, Sanitation and Safety...773 

Welding Mixture for Steel.798 

Wheel Base, Relation to Minimum 

Curve .323 

Wilfley Products . 612 

Wind— 

and Snow Loads on Roofs. 89 

Loads on Roofs. 89 

Pressure on Roofs . 89 

Winding Drum, Face of (Table). .387 
Window Glass, Weight and Thick¬ 
ness of. 89 

Wire- 

Bare Copper, Weights.233 

Copper and Aluminum, Resist¬ 
ance .426 

Copper, Bare and Insulated, 

Properties .236, 427 

Copper, Voltage Lost in.233 

Weights .803 

Wire and Cable— • 

Copper and Aluminum .426 

Properties of.426 

Wire Rope— 

Care, Lubrication, Handling... .393 

Data .392 

Splicing .394 

Wiring Formulas .232 

Wood, Sp. Gr. and Weight of. 89 

Wood Stave Pipes, Flow of Water 

and Velocity .450 

Writing on Metals.799 

Wrought Iron— 

Bolts, Strength of.801 

Pipe .132 

Pipe, Extra Strong .446 

Pipe, Standard .446 

Square and Round, Weights ... 802 


Z 


Zinc— 

Chloride as Preservative....... Ill 

Cleaning .799 

Dust, New Method of Evalua¬ 
tion .678 

or Iron, Coppering.799 

Table Slime, Flotation Tests on.753 
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ALPHABETICAL LIST OF FIRMS CATALOGUED. 


ALPHABETICAL LIST OF FIRMS 

CATALOGUED 


A 


Aldon Company, The.355 

Aldrich Pump Co., The.452, 453 

Allan Mfg. & Welding Corp.812 

Allen Cone Co., The.642 

Allis-Chalmers Manufacturing Company. 

.168, 169, 397, 454, 491, 620, 740 

American Abrasive Metals Co.739 

American Blower Company.474 

American Brass Company, The.818 

American Car & Foundry Co.356, 357 

American Cyanamid Co.760 

American FYog & Switch Co., The..370 

American Mine Door Co., The.352 

American Spiral Pipe Works.525 

American Steel & Wire Co. 

.266, 267, 268, 269, 335, 

416, 417, 418, 419, 420, 421, 508, 509, 510, 511 

American Well Works, The.451 

American Zinc Products Co., The.120 

Armstrong Mfg. Co.494 

Asbestos Shinfide, Slate & Sheathing Co.121 

Atlas Car & kUg. Co., The.336, 337 

Atlas Powder Co.555 

Aurora Pump & Mfg. Co.455 

Automatic Weighing Machine Co.670 


B 


B. & W. Oil-less Conveyor Co.649 

Baker Car Co.358 

Baldwin Locomotive Works, The.346 

Bartlett, C. 0.*& Snow Co., The.734 

Becker, Christian, Inc. 769 

Bemis Bro. Bag Co.476 

Bradley, C. C. & Son, Inc.302 

Braun Corporation, The.627 

Braun-Knecht-Heimann Co.770 

Broderick & Bascom Rope Co.512 

Brownell Company, The.153 

Buchanan, C. G. Co., Inc.^.622, 623 

Buckeye Blower Company. T .472, 473 

Buckeye Boiler Skimmer Co., The.160 

Buff & Buff Mfg. Co. 80 

Bussmann Mfg. Co.272 

Bury Compressor Co.173 

Byers, A. M. Co.826 


c 


Cabot, Samuel, Incorporated.119 

Caldwell, W. E. Co., Inc.712 
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Car-Dumper & Equipment Co.!.410, 411 

Card, C. S. Iron Works Co., The.371 

Celite Products Co.,. .166 

Central Frog & Switch Co., The.. . 372 

Chalmers & Williams, Inc.621 

Channon, James H. Mfg. Co.. ..792 

Chicago Fuse Mfg. Co...273 

Chicago Pneumatic Tool Co... 174, 291, 808, 809 

Cleveland-Cliffs Iron Co., The.761 

Cleveland Rock Drill Co., The.293, 294, 295 

Cleveland Worm & Gear Co.220 

Cochise Machine Co.292 

Cole-Goudie Shovel Co., The.308, 309 

Colonial Supply Co.830, 831, 832 

Colorado Iron Works Co... .638, 639, 706 

Connersville Blower Co., The.767 

Continental Pipe Mfg. Co. .626 

Cook’s, Adam Sons.640 

Crane Company.182, 183 

Cutler-Hammer Mfg. Co., The.258, 259 


D 


Davenport Locomotive Works.347 

Davidson, O. H. Equipment Co., 'The.354 

Deister Concentrator Co., The.640 

Deister Machine Co.641 

De Laval Steam Turbine Co.162 

De La Vergne Machine Co.177 

Doming Company, The.456, 457 

Denver Engineering Works, The.400 

Denver Rock Drill Mfg. Co., The.296 

Dings Magnetic Separator Co...673 

Dixon Valve & Coupling Co. 306 

Dodge Sales & Engineering Co. 

.178, 210, 211, 212, 650, 651 

Dorr Company, The.704, 705 

Duff Manufacturing Co., The.827 

Du Pont, E. I., De Nemours & Company, Inc... 


Durand Steel Locker Co.790, 791 

Duro Metal Products Company.412, 413 

Dwight & Lloyd Sintering Co., Inc.736 


E 


Easton Car & Construction Co.369 

Economy Fuse & Mfg. Company.274 

Edge Moor Iron Company.154 

Edison Storage Battery Co..342, 486 

Electric Storage Battery Co., The.343 

Elliot Frog & Switch Co.373 

English Tool & Supply Co., The.398, 399 

Ensign-Bickford Co., The.565, 566 
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ALPHABETICAL UST OF FIRMS CATALOGUED. 


Ironsides Company, The.431 

Ironton Engine Co., The.-338 


Falk Corporation, The. 

Fawcus Machine Company. 

Federal Electric Co. 

Filter Fabrics Co., The. 

Foote Bros. Gear & Machine Co 

Foster, L. B. Co., Inc. 

Foundation Company, The. 

Frai^, M. K. 


215, 221 

.216 

276, 280 

.707 

.222 

.374 

. 82 

.376 


G 


J 


Jackson, Byron Iron Works, Inc.460, 461 

Jeffrey Mfg. Co., The_332, 333, 476, 666, 667 

Jenkins Bros...... • 184, 185 

Jones, W. A. Foundry & Machine Co....226 

Jordan, 0. F. Company.601 

Justrite Mfg. Co.483 


Ganschow, William Co.... 

General Chemical Company (Herreshoff Fu**" 

nace Dept.).‘ 

General Electric Co. 

240, 241, 242, 243, 244, 246, 246, 247, 330, 331 

General Explosives Co. 

General Naval Stores Co.7bz 

Giant Powder Co., Con., The.060 

Goodman Manufacturing Co^........... • • •-^<*4 

Goodrich, B. F. Rubber Co., The.190, 191, 206, 
207, 303, 662, 663, 664, 666, 666, 794, 796, 829 

Grasselli Powder Co., The.061 

Greene, Tweed & Co... 

Gregory Electric Co. 

Grier Bros. Co., The...482 

Groch Centrifugal Flotation Co....75» 

Gruendler Patent Crusher & Pulverizer Co.624 

Gurley, W. & L. .. 


H 


Hardinge Company ...628, 629 

Hardsocg Wonder Drill Co.........^ .• 

Harrington & King Perforating Co., The.644 

Hauck Manufacturing Co. 811 

Hazard Mfg. Company. ^70, 4^4 

Hendrick Mfg. Co.. 

Hendy, Joshua Iron Works.• • •«,: 

....360, 401, 628, 629, 630, 

Hereuies Powder Company.562, 563, 

Hoar Shovel Agency, Inc.. 

Holmes, Robert & Bros., Inc.414 

Howe Fire Apparatus Co.‘y® 

Hunt, Robert W. & C^.... • • • • 83 

Hyatt Roller Bearing Company.368, bw 

Hygienic Fibre Co. 788, 789 

Hyman-Michaels Company . 8/b 


.646 

631 

763 


I 


lUinois Powder Mfg. Co.. .^.564 

Imperial Brass Mfg. Co., The.. . . ..813 

Indiana Foundry Co., Inc.360, 8^8 

Industrial Works .498 

Ingeraoll-^nd^Company2,. 

International Nickel Co., The...819 

Interstate Equipment Corporation.513 


K 


Kelly & Jones Co., The.186, 187 

Kenova Mine Car Co.... ..... .361 

Kilboume & Jacobs Mfg. Co., The..362 

Kleinhans, H. Company...602 

Knox Mfg. Co., Inc. .307 

Krogh Pump & Machinery Co.643 

Kuhlman Electric Co.260 


L 


Lake Shore Engine Works.. .. .363, 402, 403, 416 

Lake Superior Loader Co....! .310, 311 

Leschen, A. & Sons Rope Co.424, 426. 

Linde Air Products Cp., The.81’4 

Link-Belt Company..208, 499, 663, 664, 666 

Lobdell Car Wheel Cp...364 

Ludlow-Saylor Wire Co., The.647 

Lungwitz, Emil E.. ..708, 


Me 


McIntosh & Seymour Corp..179 

McLanahan-Stone Machine Co.492 

m 


M 


Maewhyte Company .423 

Magnetic Manufacturing Co. 674 

Mancha Storage Battery Locomotive Co.339 

Marion Steam Shovel Co., The.496, 497 

Medart Company, The..213 

Merrick Scale Mfg. Co..671 

Metal Supply Co., The. .634 

Midwest Forge & Steel Co.^36 

Mine & Smelter Supply Co., The.632, 633, 771 

Mine Safety Appliances Co. 

.780, 781, 782, 783, 784, 786 

Moloney Electric Co.261 

Moore Steam Turbine Corporation.163 

Morris Machine Works. 462 


Morse Bros. Machinery & Supply Co., The. .. .820 


Morse Chain Co 


209 
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Muncie Oil Engine Co. ton lat 

Mundy, J. S. Hoisting Engine Co.....’ 404 
Myers-Whaley Co.! ”313 


N 


National Tank & Pipe Co.. 710 

Nelson Valve Co.'igg 

New York Belting & Packing Co. 304 667 

Newark Wire Cloth Co. '648 

Niles-Bement-Pond Co. ... 217 

Nortmann-Duffke Company .!!!!! . rar 

Nuttall, R. D. Company. !218 


o 


Sanderson-Cyclone Drill Co.. The. 495 

Sanford-Day Iron Works. . . 

Scaife, Wm. B. & Sons Co.....ffS 

: ■■ ■ '■§ 

Shanklin Mfg. Co.. . 

Smith & Serrell. . 

Southern Wheel Co...'.'. . ili 

Engineering Co.. Inc.” ” ”759 

Stafford I^ller Bearing Car Truck Corp..369 

Standard Oil Company (Indiana). 541 

Standard Underground Cable Co.. 271 

Steams-Roger Mfg. Co.. The. . 700 

Sturtevant. B. F. Company.”I.”! ' {m 

Sullivan Machinery Company..79i 175. 301 


Ogden Iron Works Co 
Ohio Brass Co., The. 
Ottumwa Iron Works. 
Oxweld Acetylene Co. 


.365 

.353 

.405 

816, 817 


P 


T 


Taylor-Wharton Iron & Steel Co 
Terry Steam Turbine Co., The.. 

Thomas Elevator Co. 

Thompson Balance Co. 

Tool Steel Gear & Pinion Co., The 


,500 

164 

407 

772 

219 


Pacific Foundry Co. (Herreshoff Furnace 

Dept.) . 737 

Pacific Lumber Company, The.”.”527, 71^” 'i'i's/tW 

Packard Electric Co., The.262, 263 

Pennsylvania Casting & Machine Works... . .349 

Permutit Company, The. 158 

Pettibone Mulliken Co. . . 638 

Pittsburgh Mining Machinery Co.. .810 

Pittsburgh Transformer Company.264, 265 

Pneumelectric Corp,, The. 406 

Poole Engineering & Machine Co., The.. . .224, 225 

Porter, H. K. Company. 348 

Prest-O-Lite Co., Inc., The. 815 


u 


Union Carbide Sales Co... 
United Filters Corporation 
United Lead Company 
United States Rubber Clo.'.’ 


480, 481 

.709 

710, 711 
305, 669 


V 


Q 


Vissering, Harry & Co. 

Vulcan Iron Works Company, The 


351 

408 


Qu^er City Rubber Co.668 

Quigley Furnace Specialties Company, Inc.157 


w 


R 

Robins Ccmveying Belt Co.658 

Roebling’s, John A. Sons Company.426, 427 

Roessler & Hasslacher Chemical Co., The.764 

Rubber Insulated Metals Corp.278 

Ruggles-Coles Engineering Co..!!. 735 

Ryerson, Joseph T. & Son. 122 


Safety First Supply Co. 

Salt Lake Hardware Co., The. 


.786, 787 
.277, 821 


MINING CATALOQ 


Walsh & Weidner Boiler Co., The. 155 

Webster Mfg. Company, The. ” ” ” 659 

Weller Mfg. Co. 660 661 

Wellman-Seaver-Morgan Co., The.... ’ 409 

Westinghouse Electric & Mfg. Co . 

Whf’ 252, 253, 254,‘255;”256,'257 

Whitcomb, Geo. D. Co. .328, 329, 340, 341, 344 , 345 

Wickwire Spencer Steel Corp. 430 

Wiederholdt Construction Co.....! 743 

Williams Patent Crusher & Pulverizer Co., The 625 

Williamsport Wire Rope Co. 428 429 

Winslow Government Standard Scale Works 

Inc. ’yOO 

Wisconsin Bridge & Iron Co .[ 123 
Wolf Safety Lamp Co. of America, Inc..... 435 

Worthington Pump and Machinery Corporation 
.165, 166, 167, 176, 463, 493, 626, 741 
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Index of Products 


The PRODUCTS INDEX serves the user of this book by making it 
possible easily to locate the sources of supply. For the convenience of 
information seekers all the items wh^h appear on the catalog pages are 
listed alphabetically, and beneath each is given the name of the company 
capable of supplying the article, together with the page number or numbers 
on which mention of it may be found. 


Because the PRODUCTS INDEX conserves time, this section is 
undoubtedly referred to oftener than any other in the book. In order to 
assist in its ready location it has been printed on tinted paper. 


An innovation this year, which we believe will be heartily approved, 
is the method of listing firms under each item in such manner that it is 
possible to distinguish articles or devices which are illustrated or described 
from those which are merely mentioned on the catalog pages of the manu¬ 
facturer or dealer. Our method of accomplishing this is to put in black 
face type the names of all firms that describe or illustrate an article, and 
in light face type those firms that merely list the article as available, but 
without illustration or description. 


In the great majority of cases the article will be found listed under 
the noun. For example, when looking up jaw crushers, look under the 
heading CRUSHERS-^aw; when you want a list of makers of mine car 
wheels refer to WHEELS—Mine Car. In a few cases we have permitted 
usage to govern, thus dealers in brattice cloth will be found listed in 
accordance with common usage, that is under BRATTICE CLOTH. 


After noting the names of concerns and their page numbers, refer¬ 
ence should be made to each page for further information on the article. 
Many of the catalog page headings contain a list of Branch Ofiices, Agencies 
and Distributors for the firm products. This will be found helpful when 
writing for prices and delivery, or where quick shipment is essential. 


The PRODUCTS INDEX is a time saver—USE IT. 


And after using it, don’t forget to say, “I saw it in the MINING 
CATALOG.” 
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ACETYLENE GENERATORS 
(See Generators, Gas.) 


ANVILS 

(See Mine and Mill Supplies.) 


BAGS—Filter 

Filter Fabrics Co.707 


ACETYLENE — Dissolved (In Cylin- 
ders) for Metal Welding and 
Cutting. 

Prest-O-Lite Co., Inc., The.815 

ACIDS AND CHEMICALS 
(See also Cyanides, Creosotes, Oils.) 

American Cyanamid Co.760 

Atlas Powder Co.555 

Braun-Knecht-Heimann Co.770 

Grasselli Powder Co.561 

Mine and Smelter Supply Co. 

682,633 

Roessler & Hasslacher Chemical 

Co.764 

Southwestern Engineering Co.759 

ADAPTERS 

(See Electrical Supplies.) 

ADZES—Track 
(See Track Tools.) 

AERIAL TRAMWAYS 
(See Tramways, Aerial.) 

AFTERCOOLERS—Air 

Bury Compressor Co.173 

Chicago Pneumatic Tool Co.174 

Ingersoll-Rand Co.170 

Southwestern Engineering Co.759 

Worthington Pump and Machinery 
Corp.176 

AGGLOMERATING MACHINERY 

Allis-Chalmers Mfg. Co.740 

Dwight & Lloyd Sintering Co., Inc.736 

AGITATING PLANTS 
National Tank & Pipe Co.713 

AGITATORS 

•Caldwell, W. E., Co.712 

Colorado Iron Works Co.638, 639 

Dorr Co., The.704, 705 

AIR COMPRESSORS 
(See Compressors, Air.) 

AIR HOSE 
(See Hose, Air Drill.) 

AIR MATS 

•(See Bottoms—Flotation, Porous.) 

AIR RECEIVERS 
(See Receivers, Air.) 

ALARMS 
(See Fire Alarms.) 

(See also Gongs, Signal and Trip) 


ALARMS—Low Water 
Hendy, Joshua, Iron Works.529 

ALIDADES 

Gurley, W. & L. E. 81 

AMALGAMATORS 
Mine and Smelter Supply Co.632 

AMMETERS 

(See also Electrical Supplies.) 

Ceneral Electric Co.241 

Westinghouse Elec. & Mfg. Co... .248 

ANALYSIS—Coal and Minerals 
Hunt,- Robt. W. & Co. 83 

ANCHORS 


(See Rope Fittings and Accessories.) 
(See Mine and Mill Supplies.) 

ANEMOMETERS 
(See also Mine and Mill Supplies.) 
Colonial Supply Co.830 

ANGLES—Light Steel 
(See Structural Steel) 


APPLIANCES—Electrical 
(See Electrical Supplies.) 

APPRAISALS—Mining Properties 
Hunt, Robt. W. & Co. 83 

ARCH BARS 

American Car & Foundry Co..356, 357 
Ryerson, Joseph T., & Son.122 

ARMATURES 
(See Electrical Supplies.) 

ARMATURE COILS 
(See Coils, Armature and Field.) 

ARMATURE PINIONS 
(See Gears and Pinions.) 

ARMATURE SHAFTS 
(See Electrical Supplies.) 

ARMATURE TWINE 
(See Electrical Supplies.) 

ARMATURE WINDING 
(See Repairs, Electrical.) 

ASBESTOS BUILDING LUMBER 
Asbestos Shingle, Slate & Sheath¬ 
ing Co.121 

ASBESTOS PRODUCTS AND 
MATERIALS 

(See also Mine and Mill Supplies.) 
Asbestos Shingle, Slate & Sheath¬ 


ing Co.121 . 

Colonial Supply Co.830 


Davidson, (3. H., Equipment Co...354 

ASH CONVEYORS 
(See Conveyors.) 


BAGS—Tamping 
(See Blasting Supplies?) 


BAGS—W’ool Fume 
Filter Fabrics Co.707 

BAILERS—Water 

Lake Shore Engine Works.363 

BAILS—Ladle 

Allis-Chalmers Mfg. Co.740 

Worthington Pump & Mach. Corp..741 

BALANCERS 

Allis-Chalmers Mfg. Co.168 

BALANCES—Analytical and Pulp 

Christian Becker, Inc.769 

Mine and Smelter Supply Co.771 

Thompson Balance Co.772 

BA L A N CES—But ton 

Christian Becker, Inc.769 

Mine and Smelter Supply Co.771 

BALL AND TUBE MILL SUPPLIES 

Colorado Iron Works Co.638 

Mine & Smelter Supply Co.632 

BALL JOINTS 

Hendy, Joshua, Iron Works.529 

BALL MILLS 
(See Mills, Ball.) 

BALLS—Grinding 

Colorado Iron Works Co.638 

Jeffrey Mfg. Co., The.656 

Metal Supply Co.634 

Midwest Forge & Steel Co.635 

Scullin Steel Co.637 


Southwestern Engineering Co.... 759 


ASH HANDLING MACHINERY 


Jeffrey Mfg. Co.656 

Link-Belt Co.654 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660,661 


ASH HOPPERS 
(See Hoppers, Ash.) 

ASSAYERS 

Hunt, Robt. W., & Co. 83 

ASSAYER’S AND CHEMISTS’ SUP- 


BANDAGES—Prepared 
(See also First Aid Supplies.) 


Hygienic Fibre Co.788, 789 

BARRELS—Clean-Up 
Hendy, Joshua, Iron Works.631 

BARS—Grate 

(See also Boilers, Various Types.) 

Indiana Foundry Co., Inc.350 

Pettibone Mulliken Co.636 

Sanford-Day Iron Works.366 


PLIES AND EQUIPMENT 

Braun-Knecht-Heimann Co.770 

Mine and Smelter Supply Co.771 

AUGERS—Miners’ Post, Ratchet and 
Hand 

Colonial Supply Co.830 

Denver Rock Drill Mfg. Co., The. .296 


AUTOMATIC STATION EQUIP¬ 
MENT 

(See Controllers, Automatic Sub- 
Station.) 


AXLES—Locomotive 
American Car & Foundry Co.... 

356,357 

Lobdell Car Wheel Co.364 

Pennsylvania Casting & Machine 


Co. 


349 


AXLES—Mine Car 
(See also Trucks, Mine Car.) 
American Car & Foundry Co. 

356,357 


Kenova Mine Car Co.361 

Lobdell Car Wheel Co.364 

Southern Wheel Co.367 


BABBITT METALS 
(See also Mine and Mill Supplies.) 
Colonial Supply Co.830 


BARS—Grizzly 

Pettibone Mulliken Co.636 

BARS—Hammered Steel 
Midwest Forge & Steel Co.635 

BARS—Iron and Steel 
(See also Mine and Mill Supplies.) 
American Car & Foundry Co.. 756, 757 

Colonial Supply Co.830 

Ryerson, Jos. T., & Son.122 

Scullin Steel Co.637 


BARS—Jimmy and Pinch 
(See Mine and Mill Supplies.) 

BARS—Splice 
(See Splice Bars.) 

BARS—Spike 

(See Track Tools and Supplies.) 
(See also Mine and Mill Supplies.) 


American Mine Door Co.352 

BARS AND SHAPES 
(See Structural Steel) 

BATEAS 

Hendy, Joshua, Iron Works.631 


BATTERIES—Electric Shot Firing 
(See Blasting Machines.) 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 
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BATTERIES—Storage 
(For Mine Locomotives) 
Edison Storage Battery Co... 342, 486 
Electric Storage Battery Co., The .343 

BATTERIES—Wet and Dry 

(See Electrical Supplies.) 

BATTERY CHARGING 
APPARATUS 

General Electric Co. 331 

Westinghouse Elec. & Mfg. Co_251 

BEAMS 

(See Structural Steel.) 

BEARING METAL 
(See Babbitt Metal.) 

BEARINGS 

(See also Power Transmission Ma¬ 
chinery and Supplies.) 

Dodge Sales & Engineering Co... .210 

Link-Belt Co. 555 

Medart Co., The.! 11 [ .213 

Webster Mfg. Co.. *659 

Weller Mfg. Co.660,*661 

BEARINGS—Roller 

Hyatt Roller Bearing Co.368, 652 

Stafford Roller Bearing Car Truck 
Corp. 3g9 

BELLOWS 

(See Mine and Mill Supplies.) 

BELT CARRIERS 
(See Rolls, Conveyor.) 

BELT DRESSING 

Ironsides Company, The. 431 

BELT FASTENERS 
(See Mine and Mill Supplies.) 

BELT LACING 
(See Mine and Mill Supplies.) 

BELT SHIELD 
(See Belt Dressing.) 

BELT TIGHTENERS 
(See Mine and Mill Supplies.) 
Jones, W.A., Foundry & Mach. C:o..226 

Medart Co., The.213 

Webster Mfg. Co. (559 

Weller Mfg. Co.. .'eeo.’eei 

BELTS—Conveyor 

B. & W. Oil-Less Conveyor Co... .649 
Dodge Sales & Engineering Co., 

„ . . 650,651 

Goodrich, B. F., Rubber Co., The 

T » ... 663,664,665,666 

Jeffrey Mfg Co..656 

New York Belting & Packing Co. 

rh . 304.667 

Quaker City Rubber Co. 668 

Robins Conveying Belt Co.658 

Salt Lake Hardware Co.277,821 

United States Rubber Co.305,669 

Webster Mfg. Co.669 

BELTS—Dredge 

Goodrich, B. F., Rubber Co., The. .665 

BELTS—Elevator 
Goodrich, B. F., Rubber Co., The 

. 662,663,664,665,666 

New York Belting & Packing Co. 

T> 1 .. ^ 304,667 

Robins Conveying Belt Co.658 

United States Rubber Co.305,669 

Weller Mfg. Co.660,661 

BELTS—Leather (Transmission) 

Colonial Supply Co.831 

Salt Lake Hardware Co.277, 821 


BELTS—Rubber (Transmission) 

Colonial Supply Co.830 

Goodrich, B. F., Rubber Co., The 

206,207 

New York Belting & Packing Co. 

^ . 304,667 

Quaker City Rubber Co. 668 

Salt Lake Hardware Co.277,821 

United States Rubber Co.305, 669 ^ 

BELTS—Vanner 

Goodrich, B. F., Rubber Co., The. .665 

BENDERS—Rail 
(See Rail Benders.) 

BIBBS AND COCKS—Lead Lined 
United Lead Co.710 711 

BINS—Metal 

Durand Steel Locker Co.790,791 

BINS^—Mill 

Weller Mfg. Co.660,661 

Wisconsin Bridge & Iron Co.123 

BINS—Mine 

Weller Mfg. Co.660,661 

Wisconsin Bridge & Iron Co.123 

TTr IV bins—O re Storage 

.660, 661 

Wiederholdt Construction Co. 743 
Wisconsin Bridge & Iron Co....! !l23 

^ BINS—Smelter 

Dwight & Lloyd Sintering Co.736 

Weller Mf^ Co.660,661 

Wisconsin Bridge & Iron Co.123 

BIT BOXES 

(See also Mine and Mill Supplies.) 
Mine Safety Appliances Co.783 

BIT STEEL 

(See also Mine and Mill Supplies.) 

BLACK AND GALVANIZED 
SHEETS 

(See also Mine and Mill Supplies.) 

BLACK POWDER 
(See Explosives, Black Powder.) 

BLACKSMITHS' SUPPLIES 
(See Mine and Mill Supplies.) 

BLADES—Hack Saw 
(See Mine and Mill Supplies.) 

BLANKETS 

(See First Aid Supplies.) 

(See Mine and Mill Supplies.) 

BLASTING CAP CASE 
(See also Blasting Supplies.) 

Atlas Powder Co. 555 

Giant Powder Co., Con., The.... !560 

BLASTING CAPS—Delay Action, 
Electric 

(See also Blasting Supplies.) 

Atlas Powder Co. 555 

Du Pont, E. I., De Nemours & Co.558 

Giant Powder Co., The.560 

Hercules Powder Co.563 

BLASTING CAPS—Fuse and Electric 
(See also Blasting Supplies.) 

Atlas Powder Co. 555 

Du Pon^, E. I. De Nemours & Co., 

^.Inc. 558 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.563 

Illinois Powder Mfg. Co.564 


BLASTING MACHINES 
(See also Blasting Supplies.) 

Atlas Pow’der Co. 555 

Colonial Supply Co.832 

Du Pont, E. I., De Nemours & C!o., 

Inc.558 

Edison Storage Battery Co... 342, 486 

Giant Powder Co., Con., The_ 560 

Grasselli Powder Co.561 

Hercules Powder Co.562 

Illinois Powder Mfg. Co. ....564 

BLASTING MACHINE TESTERS 
(See also Blasting Supplies.) 

Atlas Powder Co. 555 

Du Pont, E. I., De Nemours & (io., 

^ Inc.. 

Giant Powder Co., Con., The..560 

Grasselli Powder Co.561 

Hercules Powder Co.563 

Illinois Powder Mfg. Co.564 

BLASTING MATS 
(See Blasting Supplies.) 

BLASTING PAPER 
(See Blasting Supplies.) 

(See Mine and Mill Supplies.) 

BLASTING POWDER 
(See Explosives, Black Powder.) 

BLASTING SUPPLIES 

Atlas Powder Co. . 555 

Colonial Supply Co.830 

Du Pont, E. 1., De Nemours & Co., 

Inc.. 

General Explosives Co. 559 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.562 

Illinois Powder Mfg. Co.564 

Salt Lake Hardware Co.277,821 

BLOCK—Heat Insulation 

Celite Products Co.156 

Quigley Furnace Specialties Co., 

Inc.. 

BLOCKS—Pulley 
(See Mine and Mill Supplies.) 

BLOCKS—Wire Rope 
(See also Rope Fittings and Ac¬ 
cessories) 

(See also Wires and Cables, Steel.) 
Davidson, 0. H., Equipment Co...364 
Leschen, A., & Sons Rope Co..424, 426 

Macwhyte Co.423 

Roebling's John A., Sons Co..426, 427 

BLOWERS—Centrifugal 
(See also Fans—Mine, Centrifugal.) 

American Blower Co. 474 

Buckeye Blower Co.472, 473 

General Electric Co.243 

Sturtevant, B. F., Co..!! .161 

Westinghouse Elec. & Mfg. Co_248 

BLOWERS—Forge 
(See also Mine and Mill Supplies.)^ 
Buckeye Blower Co.472, 4% 

BLOWERS—Mechanical Draft 

Buckeye Blower Co.472,473 

Sturtevant, B. F., Co.161 

Terry Steam Turbine Co., The_164 

BLOWERS—Positive Pressure 
Connersville Blower Co., The. 757 

BLOWPIPES—Cutting 
Oxweld Acetylene Co.816,817 

BLOWPIPES—Welding 
Oxweld Acetylene Co.t.816,817 

BLOW TORCHES 
(See Torches, Blow.) 


Products Desmbed or Illustrated in the Catalog Sections Are Shown in Black Face Type* 
Products Merely Mentioned Are Shown in Light Face Type. ' 
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BOILER and ENGINE TRIMMINGS 

(See Steam Specialties.) 

(See also Boiler Fittings.) 

BOILER CASINGS 
(See Boilers.) 

BOILER FEED PUMPS 
(See Pumps, Boiler Feed.) 

BOILER FITTINGS 
(See also Boilers, various kinds.) 
(See also item wanted.) 


Brownell Co., The .153 

Edge Moor Iron Co.154 

Ryerson, Jos. T., & Son.122 


Walsh & Weidner Boiler Co., The. 155 

BOILER FRONTS 
(See Boilers.) 

BOILER GRAPHITE 
(See Mine and Mill Supplies.) 

BOILER SKIMMER 
Buckeye Boiler Skimmer Co.160 

BOILER TUBE EXPANDERS 
(See Expanders—Boiler Tube.) 

BOILER TUBES 

(See also Mine and Mill Supplies.) 

Colonial Supply Co.830 

Ryerson, Jos. T., & Son.122 

BOILER WATER TREATMENTS 
(See also Water Softening and Purifi¬ 
cation.) 

Buckeye Boiler Skimmer Co.160 

Permutit Co., The .158 

BOILERS—Internal Feed 
Mine and Smelter Supply Co.632 


BONDING TOOLS 
(See Tools, Bonding.) 

BOND TERMINALS 
American Mine Door Co., The-352 

BOND WELDING APPARATUS 


American Steel & Wire Co.335 

Davidson, O. H., Equipment Co... .354 

General Electric Co.246 

Ohio Brass Co., The .353 

BONDS—Rail 
(See also Line Materials.) 

(See also Electrical Supplies.) 

American Steel & Wire Co.335 

Davidson, 0. H., Equipment Co...354 

General Electric Co.336 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co. 248 

BOOSTERS 

Allis-Chalmers Mfg. Co.168 

FOUR—Keystone Index 


BOOTS—Rubber (Miner’s) 
Goodrich, B. F., Rubber Co., The. .829 

BOTTOMS—Flotation, Porous 


Filter Fabrics Co.707 

BOX CAR LOADERS 
(See Loaders, Box Car.) 

BOXES—Coupling 

Tool Steel Gear & Pinion Co.219 


BOXES—Junction (Cable.) 
Standard Underground Cable Co..271 

BOXES—Wood Precipitation 
(Redwood Lumber For) 

Pacific Lumber Co., The.714 


BOILERS—Locomotive Type 

Brownell Co., The .153 

Walsh & Weidner Boiler Co., The. 155 

BOILERS—Portable 
Brownell Co., The .153 

BOILERS—Return Tubular 

Brownell Co., The .153 

Wash & Weidner Boiler Co., The. .155 

BOILERS—Vertical Tubular 

Brownell Co., The .153 

Walsh & Weidner Boiler Co.155 

BOILERS—Waste Heat 
Edge Moor Iron Co.154 

BOILERS—(Water Tube.) 

Edge Moor Iron Co.154 

Mine & Smelter Supply Co.632 

Walsh & Weidner Boiler Co., The. 155 


BOLT CUTTERS 
(See Mine and Mill Supplies.) 

BOLTS—Expansion 
(See also Mine and Mill Supplies.) 
(See also Line Material.) 

C^io Brass Co.353 

Westinghouse Elec. & Mfg. Co_252 

BOLTS—Track 

(See also Track Accessories.) 

Foster, L. B., Co.374 

Frank, M. K.375 

BOLTS AND NUTS 
(See also Mine and Mill Supplies.) 
American Car & Foundry Co.. 356,357 

Colonial Supply Co.830 

Crane Co.182,183 

Foster, L. B., Co., Inc.374 

Ryerson, Jos. T., & Son.122 


BRACES—Cross Arm 
(See Line Material.) 

BRACEI^Rail 

(See also Track Accessories.) 

American Frog & Switch Co.370 

Central Frog & Switch Co.372 

Foster, L. B., Co., Inc.374 

Pettibone Mulliken Co.636 

BRACKETS—Insulator 
(See also Electrical Supplies.) 
General Electric Co.239 

BRACKETS (Steam Line.) 
Crane Co.182,183 

BRAKE SHOES 

American Abrasive Metals Co....739 

BRAKES—Electric 
Cutler-Hammer Mfg. Co., The.. 
.258, 259 

BRAKES—Magnet Operated 
Cutler-Hammer Mfg. Co., The.258, 259 
Westinghouse Elec. & Mfg. Co... .248 

BRAKES—Safety Truck 
Safety First Supply Co.786, 787 

BRASS GOODS 

(See also Mine and Mill Supplies.) 

American Brass Co., The.818 

Colonial Supply Co.830 

BRATTICE CLOTH 
(See also Mine and Mill Supplies.) 
Colonial Supply Co.832 

BRAZING APPARATUS 
(See Welding and Cutting Apparatus) 

BREAKERS—Circuit’ 

(See Circuit Breakers.) 

(See Electrical Supplies.) 


BREAST AUGERS 
(See Augers, Post, Ratchet and Hand) 

BREAST DRILLS 

(See Augers, Post, Ratchet and Hand) 
(See Mine and Mill Supplies.) 

BREATHING APPARATUS 
(See Rescue Apparatus.) ffl 
(See Respirators.) 

BREECHINGS 
(See also Boilers.) 

(See also Sheet and Plate Work.) 
Hendrick Mfg. Co.645 

BRICK—Heat Insulation 

Celite Products Co.156 

Quigley Furnace Specialties Co., 

Inc.157 

BRIDGE BUILDERS 
Foundation Co., The. 82 

BRIDGES—Coal Handling 

Robins Conveying Belt Co.658 

Webster Mfg. Co.659 

Weller Mfg. Co.660,661 

Wisconsin Bridge & Iron Co.123 

BRIDGES—Ore Handling 

Robins Conveying Belt Co.658 

Webster Mfg. Co.659 

Weller Mfg. Co.660,661 

Wisconsin Bridge & Iron Co.123 

BRIDGES—Suspension 
Roebling, John A., Sons Co..426,427 

BRIDGES—New and Second Hand 
Frank, M. K.375 

BRONZE—Anti-Acid 
(See Metals, Acid-Resisting.) 

BRONZE—Tobin 

American Brass Co., The.818 

BROOMS 

(See Mine and Mill Supplies.) 

BRUSHES—Insulated (Safety) 
Colonial Supply Co.832 

BRUSHES—Motor and Generator 
(See Electrical Supplies.) 

BRUSH HOLDERS 
(See Electrical SuppliesI) 

BU CK ETS—Dumping 
Atlas Car & Mfg. Co., The.. 336, 337 

BUCKETS—Elevating and Conveying 
(See also Elevating and Conveying 


Machinery.) 

Hendrick Mfg. Co.645 

Jeffrey .Mfg. Co., The.656 

Link-Belt Co.655 

Pettibone-Mulliken Co.636 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660,661 

BUCKETS—Elevator (Washers For) 
Goodrich, B. F., Rubber Co., The.666 

BUCKETS—Grab 

Industrial Works .498 


BUCKETS—Grease 
(See Mine and Mill Supplies.) 

BUCKETS—Coal and Ore 
Atlas Car & Mfg. Co., The.. .336, 337 


Hendrick Mfg. Co.645 

Hendy, Joshua, Iron Works.401 

Industrial Works .498 

Jeffrey Mfg. Co., The.656 

Webster Mfg. Co., The .659 

Weller Mfg. Co.660,661 


BUCKETS—Skip 
(See Cars, Skip) 


BONDING SLEEVES BREAKERS—Primary BUCKETS—Water 

(See Bonds, Rail.) (See Crushers.) Lake Shore Engine Works.415 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
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BUILDING LUMBER 
(See Lumber) 

(See also Asbestos—Building Lumber) 

BUILDING PRODUCTS—Asbestos 
(See Asbestos Building Lumber) 


BUILDINGS—Shop 

Hunt, Robt. W. & Co. 83 

Wisconsin Bridge & Iron Co.123 


CABLE—Electrical Power 
(See also Electrical Supplies) 

American Steel & Wire Co.267 

General Electric Co.241 

Hazard Mfg. Co.270, 422 

Roebling's, John A. Sons Co. .426, 427 
Standard Underground Cable Co..271 

CABLE—Hemp Core 
American Steel & Wire Co.268 


BUILDINGS—Smelter and Furnace 

Hunt, Robt. W. & Co. 83 

Stearns-Rog'er Mfg. Co..738 

Wisconsin Bridge & Iron Co.123 

BUILDINGS AND STRUCTURES— 
Mine and Mill 

Hunt, Robt. W. & Co. 83 

Southwestern Engineering Co... 769 
Steams-Roger Mfg. Co.738 


Wisconsin Bridge & Iron Co_123 

BULBS—Safety Lamp 
(See Electrical Supplies) 

BULLDOZERS 
(See Shop Machinery) 

BULLETIN BOARDS 

Mine Safety Appliances Co.784 

Safety First Supply Co.786, 787 

BUNKERS—Coal 

Hendrick Manufacturing Co.645 

Weller Manufacturing Co... .660, 661 
Wisconsin Bridge & Iron Co.123 

BURLAP 

Filter Fabrics Co., The.707 

BURNER TIP^—For Carbide Lamps 
Justrite Mfg. Co.483 

BU RN ERS—Furnace 
Hauck Manufacturing Co.811 

BURNERS—Oil 

Hauck Mfg. Co.811 

BURNERS—Powdered Coal 
Dwight & Lloyd Sintering Co.,Inc.736 
Stroud, E. H. & Co.742 

BUSHINGS—Pulley 
(See Power Transmission Machinery 
and Supplies) 

BUSHINGS—Shaft 
(See also Power Transmission Ma¬ 
chinery and Supplies) 

Weller Mfg. Co.660, 661 

BUSHINGS—Trolley Wheel 
(See Electrical Supplies) 

CABINETS—First Aid 
(See also Mine and Mill Supplies) 
Hygienic Fibre Company... .788, 789 

Mine Safety Appliances Co.783 

Safety First Supply Co.786, 787 

CABLE—Aerial Tramway 
(See Rope, Aerial Tramway) 

CABLE—Bore Hole 

Hazard Mfg. Co.270, 422 

Standard Underground Cable Co. .271 

CABLE—Concentric and Duplex 

American Steel & Wire Co.266 

Hazard Mfg. Co.270, 422 

Standard Underground Cable Co. .271 

CABLE—Drilling 
(See Wires and Cables, Steel) 

CABLE—^Electrical Armored 
(See also Wires and Cables, Bare and 


Insulated) 

American Steel & Wire Co.269 

General Electric Co.241 

Hazard Mfg. Co.270, 422 


Standard Underground Cable Co. .271 


CABLE—Hoisting and Haulage 
(See Rope, Wire, Hoisting and 
Haulage) 

CABLE—^Iron and Steel 
(See Wires and Cables, Iron and Steel) 

CABLE—Lead Encased 

American Steel & Wire Co.269 

General Electric Co.241 

Hazard Mfg. Co.270, 422 

Standard Underground Cable Co. .271 

CABLE—Locomotive 
(See also Electrical Supplies) 

American Steel & Wire Co.267 

General Electric Co.330 

Hazard Mfg. Co.270, 422 

Standard Underground Cable Co. .271 

CABLE—Moving Picture 
General Electric Co.247 

CABLE AND ROPE DRESSING 
(See also Mine and Mill Supplies) 

Ironsides Company, The .431 

Leschen, A. & Sons Rope Co.. 424, 425 
Standard Oil Co.541 

CABLE ACCESSORIES—Electric 
Standard Underground Cable Co..271 

CABLE CLIPS—Wire Rope 
(See Rope Fittings and Accessories) 

CABLE SPLICES—Electric 
(See Splicers Cable) 

CABLE TERMINALS 
(See Terminals—Cable) 

CABLEWAYS 
(See Tramways, Aerial) 

CAGERS—Car 

Car-Dumper & Equipment Co.410, 411 
Davidson, 0. H. Equipment Co...354 

CAGES—Platform and Self-Dumping 
Atlas Car & Mfg. Co., The..336, 337 


Card, C. S. Iron Works Co.371 

Davidson, O. H. Equipment Co...354 
Denver Engineering Works Co...400 

Hendy, Joshua, Iron Works.401 

Holmes, Robt. & Bros., Inc.414 

Lake Shore Engine Works.415 

Pittsburgh Mining Machinery Co.810 

Steams-Roger Mfg. Ck>..738 

Wellman-Seaver-Morgan Co.409 

Vulcan Iron Works Co., The.408 


CAGES—Self-Dumping (For Tight- 
End Cars) 

Car Dumper & Equipment Co. 410, 411 

CAGE SAFETY APPLIANCES 
(See Safety Appliances, Cage) 

CALCINING SYSTEMS 
Schaffer Engineering & Equipment 

Co.672 

CANDLES 

(See Mine and Mill Supplies) 

CANDLESTICKS (For Miners’ 
Lamps) 


Justrite Mfg. Co.483 

Shanklin Mfg. Co.484 


CANS—Oil 

(See Mine and Mill Supplies) 
CANS—Powder 

(See also Mine and Mill Supplies) 
Grier Brothers Co.482 


CANS—Safety 

Safety First Supply Co.786, 787 

CANS—Waste 

(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Justrite Mfg. Co.483 

CANVAS 

Filter Fabrics Co., The.707 

Hendy, Joshua, Iron Works.529 

CAP CARRYING CASES 

Atlas Powder Co.555 

Giant Powder Co., Con., The.560 

CAP CRIMPERS 
(See Crimpers—Cap 

CAPPING—V (Zinc) 
American Zinc Products Co.120 

CAPS—^Blasting 
(See Blasting Caps) 

CAPS—Miners’ 

(See also Mine and Mill Supplies) 
Justrite Mfg. Co.483 

CARBIDE 

(See also Mine and Mill Supplies) 
Union Carbide Sales Corporation 
.480, 481 

CARBIDE LAMPS 
(See Lamps, Carbide) 

CARBIDE LAMP SUPPLIES AND 


PARTS 

Grier Brothers Co.•.482 

Justrite Mfg. Co.483 

Shanklin Mfg. Co.484 

Wolf Safety Lamp Co. of America, 

Inc.:.485 


CARBON BRUSHES 
(See Electrical Supplies) 

CARBON LAMPS 
(See Lamps, Carbon and Mazda) 

CARBON MONOXIDE DETECTOR 
(See Detectors, Carbon Monoxide) 

CAR COUPLINGS 
(See Hitchings) 

CAR DUMPERS 
(See Dumps, Various Kinds) 

CAR HAULS 


Bartlett, C. O. & Snow Co.734 

Jeffrey Mfg. Co., The.332 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 


CAR IRONS 
(See also Cars, Mine) 

Eenova Mine Car Co.361 


CAR PULLERS 

Weller Mfg. Co.660, 661 

CAR MOVERS AND PUSHERS 
(See also Mine and Mill Supplies) 

Aldon Company, The.355 

Foster, L. B. Co., Inc.374 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

CAR REPLACERS 
(See also Mine and Mill Supplies) 
Aldon Co., The.355 

CAR RETARDERS 

Bartlett, C. 0. & Snow Co.734 

Webster Mfg. Co.659 

CARRIERS—Bucket 
Hendy, Joshua, Iron Works.529 

CAR WHEELS 
(See Wheels, Mine Car) 


CARS—Bucket 

Hendy, Joshua, Iron Works.360 
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CARS—Concentrate 
Atlas Car & Mfg. Co., The.. .336, 337 

Baker Car Co.358 

Card, C. S. Iron Works Co.371 

CARS—Drop Bottom 
Sanford-Day Iron Works.366 

CARS—Dump 

American Car & Foundry Co..356, 357 
Atlas Car & Mfg. Co., The.. .336, 337 

Baker Car Co.358 

Card, C. S. Iron Works Co.371 

Easton Car & Construction Co.... 359 

Bendy, Joshua, Iron Works.360 

Kilbourne & Jacobs Mfg. Co., The.362 

Lake Shore Engine Works.363 

Sanford-Day Iron Works.366 

Vulcan Iron Works Co., The.408 

CARS—Freight 

American Car & Foundry Co.356, 357 
CARS—Hot Metal 

Atlas Car & Mfg. Co., The.. .336, 337 
Card, C. S. Iron Works Co.371 

CARS—Light Railway 
Bendy, Joshua, Iron Works.360 

CARS—Mine (Ore) Steel, Wood and 
Composite 


American Car & Foundry Co.356, 357 
Atlas Car & Mfg. Co., The. .336, 337 


Baker Car Co.358 

Card, C. S. Iron Works Co.371 

Davidson, O. H. Equipment Co-354 

Easton Car & Construction Co.... 359 

Hendrick Manufacturing Co.645 

Bendy, Joshua, Iron Works.360 

Kenova Mine Car Co.361 

Kil^urne & Jacobs Mfg. Co.362 

Lake Shore Engine Works.363 

Ogden Iron Works Co.365 

Ottumwa Iron Works.405 

Salt Lake Hardware Co.277, 821 

Sanford-Day Iron Works.366 

Southern Wheel Co.367 

Vulcan Iron Works Co., The.408 


CARS—Ore, Standard Gage 
American Car & Foundry Co..356, 357 
Atlas Car & Mfg. Co., The. .336, 337 

CARS—Quarry 

Atlas Car & Mfg. Co., The..336, 337 


Baker Car Company.358 

Card, C. S. Iron Works Co.. .371 

Easton Car & Construction Co.... 359 

Hendy, Joshua, Iron Works.360 

Kenova Mine Car Co.361 

Kilbourne & Jacobs Mfg. Co., The.362 

Lake Shore Engine Works.363 

Ogden Iron Works Co.365 

Sanford-Day Iron Works.366 

CARS—Skip 

Atlas Car & Mfg. Co., The. .336, 337 

Baker Car Co.358 

Card, C. S. Iron Works Co.371 

Pittsburgh Mining Machinery Co. .810 

Sanford-Day Iron Works.366 

Webster Mfg. Co.659 

CARS—Slag 

Allis-Chalmers Mfg. Co.740 

Atlas Car & Mfg. Co., The..336, 337 
Card, C. S. Iron Works Co....... .371 

Worthington Pump & Machinery 
Corp.741 

CARS—Slate and Rock 
(See also Cars, Mine) 
American Car & Foundry Co..356, 357 


Baker Car Company.358 

Card, C. S. Iron Works Co.371 

Easton Car & Construction Co.. .359 
Bendy, Joshua, Iron Works.360 


Kilbourne & Jacobs Mfg. Co., The.362 


Lake Shore Engine Works.363 

Ogden Iron Works Co.365 

Sanford-Day Iron Works.366 


CARS—Smelter 

Atlas Car & Mfg. Co., The..336, 337 
Card, C. S. Iron Works Co., The 371 

C A RS—Stake 

Hendy, Joshua, Iron Works.360 

CARS—Tank 

American Car & Foundry Co.356, 357 

CARS—Tramway 
(See also Tramways, Aerial) 

(See also Buckets, Dumping) 
Atlas Car & Mfg. Co., The..336, 337 

Baker Car Company.358 

Card, C. S. Iron Works Co.371 

CARS—New and Used 

Frank, M. K.375 

Kleinhans, H. Co.502 

CASE HARDENING COMPOUNDS 
American Cyanamid Co.760 

CASING AND CONDUIT—Steam 
Pipe 

Continental Pipe Mfg. Co.526 

CASINGS—Elevator and Conveyor 
Hendrick Manufacturing Co.645 

CASINGS—Steel (For Boiler 
Settings) 

Walsh & Weidner Boiler Co., The. .155 

CASTING MACHINES—Copper 

Allis-Chalmers Mfg. Co.740 

Worthington Pump and Machinery 
Corp.741 

CASTINGS—Crushing Machinery 

Colorado Iron Works Co...639 

Lobdell Car Wheel Co.364 

Pettibone Mulliken Co.636 

Taylor-Wharton Iron & Steel Co. .500 

CASTINGS—Iron, Gray or Malleable 
Iron 

American Car & Foundry Co..356, 357 

Indiana Foundry Co., Inc_350, 828 

Jeffrey Mfg. Co., The.656 

Kenova Mine Car Co.361 

Lobdell Car Wheel Co.364 

Nortmann-Duffke Company.646 

CASTINGS—Steam Shovel and 
Dredges 

Pettibone Mulliken Company.636 

Taylor-Wharton Iron & Steel Co. .500 

CASTINGS—Steel or Alloy Steel 

Colorado Iron Works Co.706 

Falk Corporation, The.215, 221 

Lobdell Car Wheel Co.364 

Pettibone Mulliken Co.636 

Taylor-Wharton Iron & Steel Co. .500 

CAST IRON PIPE AND FITTINGS 
(See Pipe, Cast Iron) 

(See Fittings, Pipe) 

CELLS—Wood, Flotation (Redwood 
Lumber For) 

Pacific Lumber Co.714 

CEMENT—Builders’ 

(See Mine and Mill Supplies) 

CEM ENT—Commutator 
(See Electrical Supplies) 

CEM ENT—Ref ractory 
(See also Mine and Mill Supplies) 

Celite Products Co.156 

Quigley Furnace Specialties Co.. 157 

CEMENT COATINGS 
(See Paints for Brick, Cement and 
Concrete) 


CHAIN—All Weights 
(See also Mine and Mill Supplies) 


Colonial Supply Co.830 

Jeffrey Mfg. Co., The.656 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

CHAIN—Conveyor and Elevator 
Dodge Sales & Engineering Co... 


Jeflfrey Mfg. Co., The.656 

Link-Belt Co.654, 655 

Taylor-Wharton Iron & Steel Co. .500 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

CHAIN—Rivetless 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.654, 655 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

CHAIN—Roller 
(See also Chain, Conveyor) 

Jeflfrey Mfg. Co., The.656 

Link-Belt Co.653 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

CHAINS—Silent 

Link-Belt Co.653 

Morse Chain Co.209 


CHAIN DRIVES 
(See Drives, Chain) 

CHAIN HOISTS 
(See Hoists, Shop) 

CHAMBERS—Air Vent (Powdered 


Coal) 

Stroud, E. H. & Co.742 

CHAMBERS—Combustion (Powdered 
Coal) 

Stroud, E. H. & Co.742 


CHANNELS 
(See Structural Steel) 

CHARGING EQUIPMENT—Lamp 
Westinghouse Elec. & Mfg. Co...251 

CHARGING EQUIPMENT—Storage 
Batteries 

(See Battery Charging Apparatus) 

CHECK VALVES 
(See Valves, Check) 

(See Mine and Mill Supplies) 

CHECKS—Brass 
(See Mine and Mill Supplies) 

CHEMICAL APPARATUS 
(See Assayers' and Chemist’s Supplies 
and Equipment) 

CHEMICAL FIRE APPARATUS 
(See Fire Protection Apparaaus) 


CHEMICALS 
(See Acids and Chemicals) 

CHEMISTS—Manufacturing 
Roessler & Hasslacher Chemical 
Co.764 

CHEMISTS—Importing 
Roessler & Hasslacher Chemical 
Co.764 

CHIMNEYS—Smelter 
Wiederholdt Construction Co.--743 

CHIPPERS—Pneumatic 
Chicago Pneumatic Tool Co.174 

CHISELS—Cold 


(See Mine and Mill Supplies) 

CHUCKS 
(See Tools, Shop) 

(See Mine and Mill Supplies) 
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CHUTE GATES 
(See Gates, Chute) 


CHUTES—Magnetic 
Dings Magnetic Separator Co....673 

CHUTES—Steel Plate 

Card, C. S. Iron Works Co.371 

Jeffrey Mfg. Co., The.332 

Robins Conveying Belt Co.658 

Webster Mfg. Co., The.659 

CIRCUIT BREAKERS 
(See also Electrical Supplies) 

General Electric Co.241 

Westinghouse Elec. & Mfg. Co_248 

CIRCUIT BREAKERS—Reclosing 
General Electric Co.240 

CLAMPS—Air Hose 
Knox Manufacturing Co.307 

CLAMPS—Rail 
(See also Track Accessories) 

Colonial Supply Co.832 

Safety First Supply Co... .786, 787 

CLAMPS—Trolley 
(See also Line Material) 

Davidson, O. H. Equipment Co_354 

General Electric Co.331 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co...252 


CLAMPS—Wire Rope 
(See also Rope Fittings and Acces¬ 
sories) 

American Steel & Wire Co. .416, 421 

Davidson, 0. H. Equipment Co_354 

Hazard Mfg. Co.270, 422 

Leschen, A. & Sons Rope Co.424, 425 

Macwhyte Company .423 

Roebling^s, John A. & Sons Co... 

.426, 427 

Wick wire Spencer Steel Corp.430 

Williamsport Wire Rope Co..428, 429 

CLASSIFIERS—Hydraulic 

Allen Cone Co.642 

Deister Machine Co.641 

Denver Engineering Works Co...400 
Hendy, Joshua, Iron Works.631 

CLASSIFIERS—Mechanical 
Colorado Iron Works Co....638, 639 
Denver Engineering Works Co... .400 
Dorr Company, The.704, 705 

CLASSIFIERS—Hydraulic and Me¬ 
chanical (New and Used) 

Morse Bros. Machinery & Supply 
Co.820 

CLASSIFIERS—Sand and Slime 

Allen Cone Co.642 

Colorado Iron Works Co.638, 639 

Deister Machine Co.641 

Dorr Company, The.704, 705 

CLAY GOODS 

Mine and Smelter Supply Co.632 

CLEANERS—Tip (For Carbide 
Lamps) 

Grier Brothers Co.482 

CLEVISES 
(See Hitchings) 

(See Mine and Mill Supplies) 

CLIPS—For Wire Rope 
(See Clamps, Wire Rope) 

CLOTH—Bolting 

Newark Wire Cloth Co.648 

CLOTH—Brattice 
(See Brattice Cloth) 


CLOTH—Centrifugal 
Newark Wire Cloth Co.648 

CLOTH—Filter (Cotton and Wool) 

Filter Fabrics Co.707 

United Filters Corporation.709 

CLOTH—Filter (Metallic) 

Newark Wire Cloth Co.648 

United Filters Corporation.709 

CLOTH—Wire 

Ludlow Saylor Wire Co., The.647 

Newark Wire Cloth Co.648 

Wickwire Spencer Steel Corp... .430 

CLOTHES HANGERS 
(See Hangers, Clothes) 

CLOTHING—Safety 
Safety First Supply Co.786, 787 

C L UTCH ES—Friction 
(See also Power Transmission Ma¬ 
chinery) 

Caldwell, W. E. Co.712 

Dodge Sales & Engineering Co.. .211 
Jones, W. A. Foundry & Machine 

Co.226 

Link-Belt Co.655 

Medart Co., The.213 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

CLUTCHES—Magnetic 
Cutler-Hammer Mfg. Co., The... 
.258, 259 

CLUTCHES—Shaft and Pulley 
(See Clutches, Friction) 

COAL AND ASH HANDLING 
MACHINERY 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.653, 654, 655 

Robins Conveying Belt Co.658 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

Wellman-Seaver-Morgan Co.409 

COALING STATION EQUIPMENT 
Jeffrey Mfg. Co., The.332, 656 

COALING STATIONS 

Bartlett, C. O. & Snow Co.734 

Webster Mfg. Co.. The.659 

Weller Mfg. Co., The.660, 661 

COAL TAR PRODUCTS 
General Naval Stores Co.762 

COCKS 
(See Valves) 

COILS—^Armature and Field 
(See also Repairs, Electrical) 
Westinghouse Elec. & Mfg. Co...248 

COILS—Choke 

Westinghouse Elec. & Mfg. Co...248 

COLLARS—Shafting 
(See also Mine and Mill Supplies) 
(See also Power Transmission Ma¬ 
chinery and Supplies) 

Jones, W. A. Foundry & Machine 


Co.226 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

COLUMNS—Pump 
Crane Company.182, 183 

COMBUSTION SYSTEMS 
Dwight & Lloyd Sintering Co., Inc.736 
Stroud, E. H. & Co.742 


COMMUTATOR BARS 
(See Electrical Supplies) 


COMMUTATOR COMPOUND 
(See Electrical Supplies) 

COMMUTATOR REPAIRS 
(See Repairs, Electrical) 

COMPASS—Dip 

Gurley, W. & L. E. 81 

COMPOUNDS—Insulating 
(See also Electrical Supplies) 

General Electric Co.246 

Standard Underground Cable Co 271 
Westinghouse Elec. & Mfg. Co...252 

COMPRESSORS—Air 

Allis Chalmers Mfg. Co.169 

Bury Compressor Co.173 

Chicago Pneumatic Tool Co.174 

De Laval Steam Turbine Co.162 

General Electric Co.244 

Ingersoll-Rand Co.170, 171, 172 

Sullivan Machinery Co.175 

Worthington Pump and Machinery 
Corp.176 

COMPRESSORS—Air (New and 
Used) 

Kleinhans, H. Co.502 

Morse Bros. Machinery & Supply 
Co., The . 820 

COMPRESSORS—Gas 

Bury Compressor Co.173 

Chicago Pneumatic Tool Co.174 

Ingersoll-Rand Co.170 

COMPRESSORS—Portable 

Allis-Chalmers Mfg. Co.169 

Chicago Pneumatic Tool Co.291 

General Electric Co.244 

Ingersoll-Rand Co.170 

Sullivan Machinery Co.175 

CONCAVES—For Gyratory Crushers 
Pettibone Mulliken Co.636 

CONCENTRATING MACHINERY 

Allis-Chalmers Mfg. Co.620 

Buchanan, C. G. Co., Inc.622, 623 

Colorado Iron Works Co.638, 639 

Deister Concentrator Co.640 

Deister Machine Co.641 

Denver Engineering Works Co... .400 
Dings Magnetic Separator Co....673 

Hendy, Joshua, Iron Works.630 

McLanahan-Stone Machine Co_492 

Magnetic Mfg. Co.674 

Mine and Smelter Supply Co.632 

Southwestern Engineering Co....759 

Steams-Roger Mfg. Co.738 

Worthington Pump and Machinery 
Corp.626 

CONCENTRATING MACHINERY— 
New and Used 

Morse Bros. Machinery & Supply 
Co.820 

CONCENTRATION PLANTS 

Buchanan, C. G. Co., Inc.622, 623 

Colorado Iron Works Co.638 

Steams-Roger Mfg. Co.738 

CONCENTRATING TABLES 
(See Tables, Concentrating) 

CONCENTRATOR BUILDINGS 
Wisconsin Bridge & Iron Co.123 

CONCENTRATORS—Magnetic Ore 
Dings Magnetic Separator Co.... 673 
Magnetic Mfg. Co.674 

CONCENTRATORS—Magnetic Tube 
Dings Magnetic Separator Co....673 

CONCRETE CUTTER 
Cochise Machine Co.292 

CONCRETE HEATERS 
(See Heaters, Concrete) 
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CONCRETE MIXERS 
(New and Used) 

(See also Mine and Mill Supplies) 
Kleinhans, H. Co...602 

CONDENSERS—Gasoline 
Southwestern Engineering^ Co.759 

CONDENSERS—Surface, Barometric 
and Jet 

Allis-Chalmers Mfg. Co.168 

Ingersoll-Rand Co.172 

Southwestern Engineering Co.... 759 
Westinghouse Elec. & Mfg. Co. ..248 
Worthington Pump and Machinery 
Corp.166 

CONDEN SERS—Synchronous 
Allis-Chalmers Mfg. Co.169 

CONDUITS AND FITTINGS 
(See Electrical Supplies) 

CONES—Sand and Slime 

Allen Cone Co.642 

Deister Machine Co.641 

CONNECTING WIRES 
(See Wire, Connecting and Leading) 
(See also Blasting Supplies) 

CONNECTORS—Wire and Cable 
(See Line Material) 

CONTRACTORS—Drilling 


Hunt, Robt. W. & Co. 83 

Sullivan Machinery Co. 79 


CONTRACTORS—Engineering 
(See Engineers, Consulting, Contract¬ 
ing and Constructing) 

CONTRACTORS—Shaft Sinking 

Foundation Company, The.82 

Hunt, Robt. W. & Co. 83 

CONTROLLERS—Automatic Sub- 
Station 

Cutler.Hammer Mfg. Co... .258, 259 

General Electric Co.240 

Westinghouse Elec. & Mfg. C^o... 256 

CONTROLLERS—Electric Hoist 

Allis-Chalmers Mfg. Co.397 

Cutler-Hammer Mfg. Co.258, 259 

General Electric Co.243 

Westinghouse Elec. & Mfg. Co...257 

CONTROLLERS—Electric, Manual 
and Automatic 
(See also Electrical Supplies) 

Allis-Chalmers Mfg. Co.168 

Cutler-Hammer Mfg. Co.258, 259 

General Electric Co.239 

Westinghouse Elec. & Mfg. Co... 
.255, 256, 257 

CONTROLLERS—Hoist, Safety 
Duro Metal Products Co_412, 413 

CONVERTERS—Copper 
(See also Smelter Equipment) 

Allis-(3halmers Mfg. Co.740 

Worthington Pump and Machinery 
Corp.741 

CONVERTERS—Copper (New and 
Used) 

Morse Bros. Machinery & Supply 
Co.820 

CONVERTERS—Rotary 
(See Rotary Converters) 

CONVEYING. BEDDING AND RE¬ 
COVERY SYSTEMS 


Robins Conveying Belt Co.668 

Weller Mfg. Co.660, 661 


CONVEYORS—Belt 

Bartlett, C. O. & Snow Co.734 

B. & W. Oil-less Conveyor Co.649 

Buchanan, C. G. Co,, Inc_622, 623 

Jeffrey Mfg. Co., The.332, 666 

Link-Belt Co.653 

Robins Conveying Belt Co.658 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

CONVEYORS—Overlapping Pivoted 
Bucket 

Link-Belt Co.655 

CONVEYORS—Pan, Apron and 
Bucket 

Jeffrey Mfg. Co,, The.332, 656 

Link-Belt Co.653 

Webster Mfg. Co., The.659 

Weller Mfg. Co...660, 661 

Worthington Pump and Machinei^ 
Corp.493 

CONVEYORS—Portable 

Jeffrey Mfg. Co., The.332 

Link-Belt Co.663 

Weller Mfg. Co.660, 661 

CONVEYORS—Retarding 

Jeffrey Mfg. Co., The.656 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

CONVEYORS—Scraper 

Jeffrey Mfg. Co., The.656 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

CONVEYORS—Screw and Spiral 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.655 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

COOLERS 

Allis-Chalmers Mfg. Co.740 

Bartlett, C. 0. & Snow Co.734 

Steams-Roger Mfg. Co.738 


Southwestern Engineering Co... .759 
CORDAGE 

(See Rope and Cordage, Manila and 
Sisal) 


CORD—Heater 

American Steel & Wire Co.266 

General Electric Co.247 

CORD—Lamn 

American Steel & Wire Co.266 

Hazard Mfg. Co.270 

CORDS AND CABLES—Portable 

American Steel & Wire Co.266 

General Electric Co.241 

Hazard Mfg. Co.270 


CORRUGATED SHEETS 
(See Roofing and Siding, Metal) 

COTS—Sleeping 
(See Mine and Mill Supplies) 

COTS—Finger (First Aid) 

(See also First Aid Supplies) 
Safety First Supply Co.786, 787 

COTTON—Absorbent 
(See First Aid Supplies) 

COUNTER SHAFTS 
(See Power Transmission Machinery) 

COUPLINGS—Car 
(See Hitchings) 

COUPLINGS—Flexible 
(See also Power Transmission Ma¬ 
chinery) 

Fawcus Machine Co.216 

Foote Bros. Gear & Machine Co.. .222 


Jones, W. A. Foundry & Machine 

Co.226 

Nuttall, R. D. Co.218 

Rubber Insulated Metals Corp... .278 

Smith & Serrell.214 

Weller Mfg. Co.660, 661 

COUPLINGS—Hose 
Chicago Pneumatic Tool Co. .174, 291 

Cleveland Rock Drill Co., The_295 

Dixon Valve & Coupling Co.306 

Goodrich, B. F. Rubber Co., The.. 795 

Hardsocg Wonder Drill Co.297 

Ingersoll-Rand Co.298 

Knox Manufacturing Co., The_307 

COUPLINGS—Pipe 

(See Fittings, Pipe) 

(See Mine and Mill Supplies) 

COUPLINGS—Shaft and Pulley 
(See also Power Transmission Ma¬ 
chinery) 

(See also Mine and Mill Supplies) 


Colonial Supply Co.830 

Jones, W. A. Foundry & Machine 

Co.226 

Link-Belt Co.655 

Medart Co., The.213 

Smith & Serrell.214 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 


COVERING—Boiler and Pipe 
(See Mine and Mill Supplies) 

COVERING—Concentrating Tables 
Du Pont, E. I. De Nemours & Co., 

Inc.477 

COVERS—Filter 

Filter Fabrics Co.707 

CRANES—Bucket (For Coal and 
Cinder Handling) 

Industrial Works .498 

Marion Steam Shovel Co., The... 
.. .496, 497 

CRANES—Crawling Tractor 

Industrial Works .498 

Link-Belt Co.499 

Marion Steam Shovel Co., The... 
.496, 497 

CRANES—Dock, Pillar and Transfer 
Industrial Works .498 

CRANES—Locomotive, Gantry and 
Bridge 

Industrial Works.498 

Link-Belt Co.499 

Marion Steam Shovel Co., The... 

.496, 497 

Niles-Bement-Pond Co.217 

Wellman-Seaver-Morgan Co.409 

CRANES—Locomotive, Erection and 
Wrecking (Steam or Electric Drive) 

Industrial Works .498 

Marion Steam Shovel Co., The... 
.496, 497 

CRANES—Locomotive, Erection and 
Wrecking (Gasoline Engine Drive) 

Industrial Works .498 

Marion Steam Shovel Co., The... 
.496, 497 

CRANES—Locomotive (Electrical 
Equipment For) 

General Electric Co.244, 245 

Westinghouse Elec. & Mfg. Co...253 

CRANES—Locomotive, New and Used 
Kleinhans, H. Co.502 

CRANES—Shop 

(See also Mine and Mill Supplies) 
Niles-Bement-Pond Co.217 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 
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CREOSOTE OILS 

Cleveland-Cliffs Iron Co., The.761 

General Naval Stores Co.762 

CRESYLIC ACID 

General Naval Stores Co.762 

CRIMPERS—Cap 
(See also Blasting Supplies) 

Atlas Powder Co.555 

Du Pont, E. I. DeNemours & Co. 

Inc..558 

Giant Powder Co., Con.560 

Hercules Powder Co.563 

CROSS ARMS 

National Tank & Pipe Co.713 

CROSS HEADS—Safety 
Hendy, Joshua, Iron Works.401 

CROSSINGS AND CROSSOVERS— 
Track 

American Frog & Switch Co.370 

Atlas Car & Mfg. Co., The.. .336, 337 

Card, C. S. Iron Works Co.371 

Central Frog & Switch Co., The. .372 

Elliot Frog & Switch Co.373 

Pettibone Mulliken Co.636 

CROSS-OVERS—Trolley 
(See also Line Material) 

Ohio Brass Co.353 

CROWBARS 

(See Miners’ Tools and Supplies) 

CRUCIBLES— Assay 
Mine and Smelter Supply Co.632 

CRU CIBLES—Graphite 
Mine and Smelter Supply Co.632 

CRUCIBLES—Melting 
Mine and Smelter Supply Co..... 632 

CRUSHER PARTS 
Webster Mfg. Co.669 

CRUSHER TEETH 
Jeffrey Mfg. Co., The.656 

CRUSHER ROLLS 
(See also Crushers, Roll) 

Allis-Chalmers Mfg. Co.620 

Bartlett, C. O. & Snow Co..734 

Buchanan, C. G. Co., Inc-622, 623 

Chalmers & Williams, Inc.621 

Colorado Iron Works Co.638 

Denver Engineering Works Co...400 

Hendy, Joshua, Iron Works.631 

Jeffrey Mfg. Co., The.656 

McLanahan-Stone Machine Co-492 

Steams-Roger Mfg. Co.738 

Webster Mfg. Co., The.659 


W'orthington Pump and Machinery 
Corp.626 

CRUSHER ROLLS—New and Used 
Morse Bros. Machinery & Supply 
Co.820 

CRUSHERS—Disc 

Chalmers & Williams, Inc.621 

CRU SHERS—Gyratory 

Allis-Chalmers Mfg. Co....491 

Chalmers & Williams, Inc.621 

Gruendler Patent Crusher & Pul¬ 
verizer Co.624 

Salt Lake Hardware Co....277, 821 
Worthington Pump and Machinery 
Corp.493 

CRUSHERS—Jaw 

Allis-Chalmers Mfg. Co.491, 620 

Buchanan, C. G. Co., Inc.622, 623 

Chalmers & Williams, Inc.621 

Colorado Iron Works Co.-...638 


Denver Engineering Works Co...400 


Gruendler Patent Crusher & Pul¬ 


verizer Co.624 

Hendy, Joshua, Iron Works.631 

Stearns-Roger Mfg. Co.738 

Worthington ,Pump and Machinery 
Corp.626 

CRUSHERS—Roll 

Allis-Chalmers Mfg. Co.620 

Denver Engineering Works Co_400 

Hendy, Joshua, Iron Works.631 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.653 

McLanahan-Stone Machine Co_492 

Robins Conveying Belt Co.658 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

CRUSHERS—Stamp 
(See Mills, Stamp) 

CRUSHERS—Swing Hammer 

Bartlett, C. O. & Snow Co.734 

Gruendler Patent Crusher & Pul¬ 
verizer Co.624 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.653 

Steams-Roger Mfg. Co.738 

Stroud, E. H. & Co.742 

Williams Patent Crusher & Pul¬ 
verizer Co.625 

CRUSHERS—New and Used 
Morse Bros. Machinery & Supply 
Co.820 

CRUSHERS AND GRINDERS— 
Laboratory 

Braun-Knecht-Heimann Co.770 

Mine and Smelter Supply Co.771 

CRUSHING PLANTS 


McLanahan-Stone Machine Co_492 

Williams Patent Crusher & Pul¬ 
verizer Co.625 

Wisconsin Bridge & Iron Co.123 

CUPELS 

Braun-Knecht-Heimann Co.770 

CUTOUTS 

Chicago Fuse Mfg. Co.273 

General Electric Co.247 


. CUTTERS—Pipe 
(See Mine and Mill Supplies) 

CUTTING AND THREADING MA¬ 
CHINES 

(See Shop Machinery) 

CUTTING AND WELDING APPA¬ 
RATUS 

(See Welding and Cutting Apparatus) 
CYANIDE—Air-Nitrogen Product 


American Cyanamid Co.760 

CYANIDE—Metal 

American Cyanamid Co.760 

CYANIDE—Sodium 
Roessler & Hasslacher Chemical 

Co.764 

Southwestern Engineering Co....759 


CYANIDE-CHLORIDE MIXTURE 
(See also Acids and Chemicals) 


Roessler & Hasslacher Chemical 
Co.764 

CYANIDE PLANT EQUIPMENT 

Allis-Chalmers Mfg. Co.620 

Colorado Iron Works Co.706 

Dorr Company, The.704, 705 

National Tank & Pipe Co.713 

Steams-Roger Mfg. Co.738 

CYANIDE PLANTS 

Colorado Iron Works Co.706 

Groch Centrifugal Flotation Co.. .758 

National Tank & Pipe Co.713 

Steams-Roger Mfg. Co.738 


DANGER SIGNS 
(See Signs, Safety First) 

DEPHLEGMATORS 
Southwestern Engineering Co.... 759 


DERRICK IRONS 
Channon, Jas. H. Mfg. Co..792 

DERRICKS 

Hendy, Joshua, Iron Works.529 

Mundy, J. S. Hoisting Engine Co. .404 

DETECTORS—Carbon Monoxide 
Mine Safety Appliances Co.781 

DETONATORS 
(See Blasting Caps) 

DEWATERERS 

Allen Cone Co.642 

Colorado Iron Works Co.639 

Dorr Company, The.704, 705 


DIAMOND DRILLING 
(See Drilling, Diamond Core) 

DIES AND SHOES—For Stamp Mill 
(See Shoes and Dies for Stamp Mill) 

DIPPER TEETH—Castings 
Taylor-Wharton Iron & Steel Co. .500 

DISC FANS 
(See Fans, Disc) 

DISCS—Valve 
(See Valves, Pump, Discs) 

DISINFECTANTS 
(See First Aid Supplies) 

DISINTEGRATING MACHINERY 
(See Cmshers; See Pulverizers) 


DOCKS—Rock 

Wisconsin Bridge & Iron Co.123 

DOORS—Mine (Automatic) 
American Mine Door Co., The.352 


DRAGLINE EXCAVATORS 
(See Excavators, Dragline) 

DRAIN PIPE 
(See Pipe, Cast Iron) 

DREDGES AND ACCESSORIES 
Marion Steam Shovel Co., The... 
.496, 497 


Morris Machine Works.462 

Steams-Roger Mfg. Co.738 

DREDGES (Electric Equipment For) 
General Electric Co.244 


Westinghouse Elec. & Mfg. Co...255 

DREDGES—Hydraulic (New and 
Used) 

Morse Bros. Machinery & Supply 
Co.820 

DRESSING—Belt 
(See Belt Dressing) 

DRESSING—Gear 
(See Grease, Gear) 

DRESSINGS—First Aid 
(See First Aid Supplies) 

DRILL COLUMNS AND MOUNT¬ 
INGS 

Chicago Pneumatic Tool Co.291 

Cleveland Rock Drill Co., The_293 

Cochise Machine Co.292 

Denver Rock Drill Mfg. Co., The. .296 

Hardsocg Wonder Drill Co.297 

Ingersoll-Rand Co.298, 299 

Sullivan Machinery Co.301 

DRILL SHARPENERS 
Denver Rock Drill Mfg. Co., The. .296 

Hardsocg Wonder Drill Co.297 

Ingersoll-Rand Co.299, 300 

Sullivan Machinery Co.301 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 
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34 **Next to Knowing a Thing Is to Know Where to Get Information Ahoat It” 


DRILL STEEL 

(See Steel for Rock Drills) 

DRILLING CONTRACTORS 
(See Contractors, Drilling) 

DRILLING—Diamond Core 
Sullivan Machinery Co. 79 

DRILLS—Blast Hole 

American Well Works, The.451 

Armstrong Manufacturing Co... .494 
Sanderson-Cyclone Drill Co.495 

DRILLS—Bore Hole and Well 

American Well Works, The.451 

Armstrong Manufacturing Co... .494 
Sanderson-Cyclone Drill Co.495 

DRILLS—Bore Hole and Well 
(New and Used) 

Kleinhans, H. Company.502 

DRILLS—Breast 
(See Augers) 


DRILLS—Churn 

Armstrong Manufacturing Co.... 494 
Sanderson-Cyclone Drill Co...... 495 

DRILLS—Diamond 

Sullivan Machinery Co.175, 301 

DRILLS—Diamond (New and Used) 
Morse Bros. Machinery & Supply 
Co.820 

DRILLS—Hammer 

Chicago Pneumatic Tool Co.291 

Cleveland Rock Drill Co., The.293, 294 

Cochise Machine Co.292 

Denver Rock Drill Mfg. Co., The. .296 
Hardsocg Wonder Drill Co.297 


Sullivan Machinery Co.175, 301 

DRILLS—^^Pneumatic 
(See Drills, Rock (Air and Steam) 

DRILLS—Portable Electric 

Chicago Pneumatic Tool Co.809 

General Electric Co.246 

Pneumelectric Corp., The.406 

DRILLS—Power Auger 

American Well Works, The.451 

Armstrong Manufacturing Co....494 
Cleveland Rock Drill Co., The... .293 

DRILLS—Prospecting 

Sanderson-Cyclone Drill Co.495 

Sullivan Machinery Co. 79 

DRILLS—Rock (Air and Steam) 

Chicago Pneumatic Tool Co.291 

Cleveland Rock Drill Co., The... 


Cochise Machine Co.292 

Colonial Supply Co.830 

Denver Rock Drill Mfg. Co., The. .296 

Hardsocg Wonder Drill Co.297 

Ingersoll-Rand Co.298, 299 

Jeffrey Mfg. Co., The.332 

Lake Shore Engine Works.402 

Sullivan Machinery Co.301 

DRILLS—Rock (Electric) 

Chicago Pneumatic Tool Co.291 

Jeffrey Mfg. Co., The.332 

Pneumelectric Corp., The.406 

DRILLS—Rotary (Deep Hole) 
American Well Works, The.451 

DRILLS—Shop 
(See also Shop Machinery) 

Chicago Pneumatic Tool Co.809 

Ryerson, Jos. T. & Son.122 

DRILLS—Track 

Aldon Company, The.355 

Chicago Pneumatic Tool Co.809 


Foster, L. B. Co., Inc.374 

Ingersoll-Rand Co.298 


DRILLS—Twist 
(See Mine and Mill Supplies) 

DRILLS—Underground Exploration, 


Water Tapping, Etc. 

Sullivan Machinery Co. 79 

DRIVES—Chain 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.653 

Morse Chain Co.209 

Webster Mfg. Co.659 

DRIVES—Roller Chain 
Link-Belt Co.653 

DRIVES—Rope 

Dodge Sales & Engineering Co.. .212 
Jones, W. A. Foundry & Machine 

Co.226 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 


DRIVES—^Turbine and Reduction 
Gear 

(See Gears, Turbine and Reduction) 

DRIVES—Worm Gear 

Cleveland Worm & Gear Co.220 

Fawcus Machine Co.216 

Foote Bros. Gear & Machine Co. .222 
Jones, W. A. Foundry & Machine 
Co.226 

DRUMS—Gravity Plane 
Card, C. S. Iron Works Co., The.. .371 
Vulcan Iron Works Co., The.408 

DRUMS—Hoisting and Haulage 
(See also Hoists, Various Classifica¬ 
tions) 

Medart Company, The.213 

DRUMS—Magnetic 
(See also Pulleys, Magnetic) 
Dings Magnetic Separator Co....673 

DRYERS—Coal 

Bartlett, C. O. & Snow Co.302 

Jeffrey Mfg. Co., The.332 

Ruggles-Coles Engineering Co...735 
Stearns-Roger Mfg. Co.738 

DRYERS—Concentrate 

Bartlett, C. O. & Snow Co.302 

Colorado Iron Works Co.639 

Jeffrey Mfg. Co., The.332 

Ruggles-Coles Engineering Co-735 

Steams-Roger Mfg. Co.738 

DRYERS—Direct and Indirect Heat 

Bartlett, C. O. & Snow Co.302 

Colorado Iron Works Co.639 

Ruggles-Coles Engineering Co.... 735 

DRYERS—Ore 

Bartlett, C. O. & Snow Co.302 

Hendy, Joshua, Iron Works.630 

Jeffrey Mfg. Co., The.....332 

McLanahan-Stone Machine Co... .492 

Ruggles-Coles Engineering Co-735 

Stearns-Roger Mfg. Co.738 

Weller Mfg. Co.660, 661 

DRYERS—Rock 

Bartlett, C. O. & Snow Co.302 

Jeffrey Mfg. Co., The.332 

McLanahan-Stone Machine Co....492 
Ruggles-Coles Engineering Co...735 

DRYERS—Rotary and Paddle 

Bartlett, C. O. & Snow Co.302 

Gruendler Patent Crusher & Pul¬ 
verizer Co.624 

Ruggles-Coles Engineering Co-735 

Weller Mfg. Co.660, 661 


DRYERS—Rotary (New and Used> 
Morse Bros. Machinery & Supply 


Co.82a 

DRYERS—Sand 

Baker Car Company.35S 

Colonial Supply Co.830 

Indiana Foundry Co., Inc.35(1 

Jeffrey Mfg. Co., The. ? 

Ruggles-Coles Engineering Co.. .73& 
Vissering, Harry & Co.351 

DRYERS—Steam 

Ruggles-Coles Engineering Co...735 
Weller Mfg. Co.660, 661 


DRYING MACHINERY 
(See Dryers—^Various Kinds) 

DUCK 

(See Brattice Cloth) 

(See Mine and Mill Supplies) 

DUCT—Canvas Air 
(See Tubing—Ventilation) 

DUMP CARS—Slate and Rock 
(See Cars, Dump) 


DUMPERS—Railroad Car 
Car-Dumper & l^uipment Co.410, 411 

Robins Conveying Belt Co.65S 

Weller Mfg. Co.660, 661 

DUMP PLATES—For Skips 
Lake Shore Engine Works.415 

DUMPS—Cross-Over and Kickback 

Card, C. S. Iron Works Co..371 

Webster Mfg. Co.659^ 

DUMPS—Rotary (Mine Car) 
Car-Dumper & Equipment Co.410, 411 

Lake Shore Engine Works.415 

Pittsburgh Mining Machinery Co. .81(1 
Wellman-Seaver-Morgan Co.409 

DUMPS—Rotary (Quarry Cars) 
Car-Dumper & Equipment Co.410, 411 

DUST COLLECTORS 

Allis-Chalmers Mfg. Co.491 

Stroud, E. H. & Co.742 


DUST PROTECTORS 
(See Respirators) 

DYNAMITE 
(See also Explosives) 


Atlas Powder Co.555* 

Du Pont, E. I., De Nemours & Co., 

Inc.....556, 557 

General Explosives Co.559 

Giant Powder Co., Con., The-560 

Grasselli Powder Co.561 

Hercules Powder Co.562- 

Illinois Powder Mfg. Co.564 


Salt Lake Hardware Co....277, 821 
DYNAMOS 

(See Motors and Generators) 

ears—T rolley 
(See Clamps, Trolley) 

ECONOMIZERS—Fuel 
Sturtevant, B. F. Company.161 

EJECTORS 

Worthington Pump and Machinery 
Corp.165, 166« 

ELBOWS—Lead Lined 
United Lead Co.710, 711 

ELECTRIC ARC WELDING 
(See Welding and Cutting Apparatus, 
Electric Arc) 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 


ELECTRICAL REPAIRS 
(See Repairs—Electrical) 
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If Yon Can*t Find It In the PRODUCTS INDEX, Write Us. 


ELECTRICAL SUPPLIES 
(Items embraced in this classification 
are listed below the names of firms) 

Colonial Supply Co.831, 832 

D^idson, O. H. Equipment Co...354 

General Electric Co. - 

.241, 242, 246, 247, 331 

Mine and Smelter Supply Co.... 632 
Salt Lake Hardware Co., The.. 277, 821 
Westinghouse Elec. & Mfg. Co... 

.249, 250, 252, 255, 256, 257 

Adapters Duck, Oiled 


Adapters 
Adjusters, Cord 
Ammeters 
Anchors—All 
Kinds 
Armatures 
Arresters, Light¬ 
ning 

Asbestos Material 


Ears, Trolley 
Elbows 

Extensions—^All 
Kinds 

Eyes, Anchor Rod 
Fans, Desk 
Fault Finders 
Fiber—All Kinds 


Bars, Bus—Copper Fire Alarm Sys- 


Batteries—^All 
Kinds 


terns 
Fire Pots 


Battery Supplies— Flashlights 


All Kinds 
Bells, Electric— 
All Kinds 
Belts, Linemen’s 
Bends, Conduit— 
Fiber 

Blocks, Fuse—^All 
Kinds 

Blow Torches 
Boards, Panel 
Bolts— 
Expansion 
Eye 

InsulatOd, Trol¬ 
ley 

Suspension 
Bonds, Rail 
Boxes, Electric— 
All Kinds 
Brackets—All 
Kinds 

Breakers, Circuit 


Floodlights 
Frogs, Trolley 
Furnaces— 
Gasoline 
Kerosene 
Fuses—All Kinds 
Fuse Plugs 
Fuse Wires 
Galvanometers 
Gaskets—All Kinds 
Gloves, Rubber 
Gongs—All Kinds 
Grips— 

Cable 
Linemen’s 
Guards, Lamp 
Hammers, Electric 
Hangers— 

Cable, Telephone 
Conduit 
Trolley 
Harps, Trolley 


Brushes—All Kinds Headlights 


Brushes— 
Commutator 
Bulbs— 
Carbon 
Mazda 

Bushings—All 
Kinds 

Buttons, Push 
All Kinds 


Horns— 

Fire Alarm 
Signal 

Hydrometers, Bat¬ 
tery 

Indicators— 
Polarity, Battery 
Tank 

Ink, Recording 


Buzzers—All Kinds Instruments— 


Cabinets— 

Cutout 
Fire Alarm 
Panel Board 
Switch 

Cable, Electrical— 
All Kinds 
Cable Accessories 
Canvas, Oiled 
Cement— 
Commutator 
Cells 

Charts, Recording 
Instrument 
Clamps—All Kinds 
Cleats—All Kinds 
Climbers, Line¬ 
men's 

Clips—All Kinds 
Closers, Circuit 
Clusters, Light— 
All Kinds 
Coils— 

Choke 
Induction 
Make and Break 
Compound— 
Commutator 
Compound, Insu¬ 
lating 

Conductors, Steel 
Flexible 
Conduits 
Conduit Acces¬ 
sories 

Connectors—All 
Kinds 
Contacts 

Controllers, Speed 
—Motor 
Cord, Elec.—^All 
Kinds 

Couplings, Conduit 
Cross Arms 
Crossings, Trolley 
Cutouts—All Kinds 
Cutters—All Kinds 
Detectors— 

Ground, Battery 
Time—Watch¬ 
man’s 

Disconnectors, 

Line—Safety 
Drills—^All Kinds 


Portable 
Recording 
Switchboard 
Testing 
Insulating 
Materials 
Insulators—^All 
Kinds 

Irons, Electric 
Soldering 
Jars, Battery 
Joints— 

Insulating 
Splicing. Cable 
Wire Connector 
Knobs— 

Glass 

Porcelain 

Lacquer, Armature 
Ladles, Pouring 
Lamps—Electric, 

All Kinds 
Lanterns, Battery 
Line Material 
Machines, Blasting 
Magnetos 
Magnet W'^ire 
Meters—All Kinds 
Mica—All Kinds 
Milliammeters, 
Portable 

Millivoltmeters— 
Portable 
Recording 
Motor-Generators 
Motors—All Kinds 
Nail Heads. Leather 
Nails, Insulated 
Oil, Battery 
Paint— 

Electrical 
Insulating 
Meter Board 
Paper— 

Asbestos 
Emery 
Friction 
Oiled 
Paraffine 
Paste, Soldering 
Pins—Insulator, 

All Kinds 
Plates—All Kinds 


Pliers—All Kinds 
Plugs—All Kinds 
Posts, Binding 
Potheads— 

Metal 

Porcelain 

Pouches, Linemen’s 
Racks—^All Kinds 
Receivers, Tele¬ 
phone 
Reducers 
Reflectors—^All 
Kinds 

Regulators, Speed 
—Motor 
Relays— 

Circuit, Closing 
Starting, Motor 
Rheostats— 

Blasting Machine 
Charging, Battery 
Field 
Load 

Saddles, Cross Arm 
Salts, Soldering 
Scissors, Elec¬ 
trician’s 
Shades— 

Glass 

Metal 

Shears—Elec¬ 
trician’s 
Sheets— 

Dial 

Meter Book 
Shellac 
Shields— 

Duct, Cable 
Expansion 
Shunts, Meter 
Signals— 

Fire Alarm 

Industrial 

Warning 


Slate 
Sleeves— 

Cable 

Lead 

Splicing—All 
Kinds 

Sockets—All Kinds 
Solder 

Spurs, Linemen’s 
Staples— 

Copper 
Insulating 
Saddle 
Starters— 

Motor 

Motor, Oil— 

Condit 
Steps, Pole 
Straps, Climber 
Suspensions, Trolley 
Switchboards 
Switches—All Kinds 
Syringes, Battery 
Tackle, Linemen’s 
Tape, Insulating— 
All Kinds 
Telephones 
Terminals—All 
Kinds 

Testers, Battery 
Tool Bags, Line¬ 
men's 

Transformers 
Transmitters 
Twine, Armature 
Varnish, Insulating 
Voltamfneters 
Voltmeters 
Wattmeters 
Wheels, Trolley 
Wire—All Kinds 


ELECTRODES—Arc-Welding 
American Steel & Wire Co.335 

ELECTROLYTIC OUTFIT—Lead and 
Copper Assays 

Braun-Knecht-Heimann Co.770 

ELEVATING AND CONVEYING 
MACHINERY 
(See also Conveyors) 

(See also Elevators) 

Allis Chalmers Mfg. Co.620 

Bartlett, C. O. & Snow Co.734 

Gruendler Patent Crusher & Pulv. 

Co.624 

Hendrick Manufacturing Co.645 

Hendy, Joshua, Iron Works.630 

Jeffrey Mfg. Co., The.. .332, 656, 657 

Link-Belt Co.653, 654, 655 

McLanahan-Stone Machine Co... 492 

Robins Conveying Belt Co.658 

Stearns-Roger Mfg. Co.738 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

ELEVATOR BELTS 
(See Belts, Elevator) 

ELEVATOR BUCKETS 
(See Bucktes, Elevating and Convey¬ 
ing) 

ELEVATORS—Belt 

Jeffrey Mfg. Co., The.656 

Robins Conveying Belt Co.658 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

ELEVATORS—Bucket 

Allis-Chalmers Mfg. Co.491 

Bartlett, C. O. & Snow Co.734 

Buchanan, C. G. Co., Inc.... 622, 623 
Dodge Sales & Engineering Co... 650 
Gruendler Patent Crusher & Pulv. 

Co.624 

Jeffrey Mfg. Co., The.332, 656 

Link-Belt Co.653, 654 

Robins Conveying Belt Co.658 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

Worthington Pump and Machinery 

Corp.493 

ELEVATORS—Gravel (Hydraulic) 
Hendy, Joshua, Iron Works.528 


ELIMIN ATORS—Automatic 
(See Traps, Steam) 

EMERGENCY OUTFITS—First Aid 

Mine Safety Appliances Co.783 

Safety First Supply Co.786, 787 

EMERY 

(See Mine and Mill Supplies) 

EMERY WHEELS 
(See Mine and Mill Supplies) 

ENCLOSURES—Wire 
Wickwire Spencer Steel Corp....430 

ENDLESS AND TAIL ROPE 
HAULAGE 

(See also Engines, Haulage) 
Mundy, J. S. Hoisting Engine Co. .404 

ENGINEERING INSTRUMENTS 
(See Instruments, Engineering) 

ENGINEERS—Civil 
Hunt, Robt. W. & Co. 83 

ENGINEERS—Consulting, Contract¬ 
ing and Constructing 
Denver Engineering Works Co...400 

Dorr Company, The.704, 705 

Foundation Company, The.82 

Groch Centrifugal Flotation Co.. .758 

Hardinge Company.628, 629 

Hunt, Robt. W. & Co. 83 

Schaffer Engineering & Equipment 

Co. 672 

Southwestern Engineering Co...759 

Steams-Roger Mfg. Co.738 

Wisconsin Bridge & Iron Co.123 

EN GIN EERS—^Mechanical 
Groch Centrifugal Flotation Co... 758 

Hunt, Robt. W. & Co. 83 

Southwestern Engineering Co ,.759 
Stearns-Roger Mfg. Co.738 

ENGIN EERS—Metallurgical 
Denver Engineering Works Co...400 
Dwight & Lloyd Sintering Co., Inc.736 
Groch Centrifugal Flotation Co... 758 

Hardinge Company.628, 629 

Hunt, Robt. W. & Co. 83 

Southwestern Engineering C)o... .759 
Stearns-Roger Mfg. Co.738 

ENGINEERS—Mining 

Hunt, Robt. W. & Co. 83 

Southwestern Engineering Co....759 

ENGINE DRIVE—Turbo Gear 
Poole Engineering & Machine Co. 
.224, 225 

ENGINES—Blowing 
Allis-Chalmers Mfg. Co.168 

ENGINES—Diesel 

Allis-Chalmers Mfg. Co.168 

De La Vergne Machine Co.177 

McIntosh & Seymour Co.179 

Salt Lake Hardware Co.277, 821 

Worthington Pump and Machinery 
Corp.176 

ENGINES—Gas, Gasoline, Kerosene 
and Oil 

Allis-Chalmers Mfg. Co.168 

Chicago Pneumatic Tool Co.174 

Colonial Supply Co.831 

De La Vergne Machine Co.177 

Dodge Sales & Engineering Co.. .178 

Ingersoll-Rand Co.170, 172 

McIntosh & Seymour Corp.179 

Muncie Oil Engine Co.180, 181 

Pittsburgh Mining Machinery Co. .810 

Salt Lake Hardware Co.277, 821 

Worthington Pump and Machinery 
Corp.176 
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ENGINES—Gas, Gasoline, Kerosene 
and Oil (New and Used) 
Kleinhans, H. Co.602 

ENGINES—Haulage 
(See also Hoists, Electric) 
Denver Engineering Works Co... .400 

Lake Shore Engine Works.402 

Mundy, J. S. Hoisting Engine Co.. 404 
Salt Lake Hardware Co., The.277, 821 

Vulcan Iron Works Co., The.408 

WeUman-Seaver-Morgan Co.409 

ENGINES—Hoisting 

(See Hoists, Steam) 

ENGINES—^Marine 

Ingersoll-Rand Co.170 

Morris Machine Works.462 

ENGINES—Semi-Diesel 
Chicago Pneumatic Tool Co.174 

ENGINES—Steam 

Allis-Chalmers Co.168 

Brownell Co., The.153 

Chicago Pneumatic Tool Co.174 

Ingersoll-Rand Co.170 

Mine and Smelter Supply Co.632 

Morris Machine Works..462 

Pittsburgh Mining Machinery Co. .810 
Sturtevant, B. F. Company.161 

ENGINE-GENERATOR SETS 
(See Generator Sets, Engine Driven) 

EXCAVATORS—Dragline 

Hendy, Joshau, Iron Works.629 

Kleinhans, H. Co.502 

Marion Steam Shovel Co., The.496,497 

EXCITERS—Duplex 
Terry Steam Turbine Co.164 

EXPANDERS—Boiler Tube 
(See also Mine and Mill Supplies) 
Ryerson, Jos. T. & Son.122 

EXPANDERS—Locomotive Tire 
(See Heaters, Locomotive Tire) 

EXPANSION BOLTS 

(See Bolts, Expansion) 

EXPANSION JOINTS 

(See Joints, Expansion) 

EXPLODERS—Delay Action Electric 
(See Blasting Caps—Delay Action, 
Electric) 

EXPLODERS—Fuse Lighted 

(See Blasting Caps) 

EXPLOSIVES—Black Powder 

Atlas Powder Co.555 

Du Pont, E. I., De Nemours & Co., 

Inc. 556 

General Explosives Co.569 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Illinois Powder Mfg. Co.664 

Salt Lake Hardware Co....277, 821 

EXPLOSIVES—Blasting Gelatin 

Atlas Powder Co.555 

Du Pwit, E. I., De Nemours & Co., 

Inc.556, 557 

General Explosives Co.659 

Giant Powder Co., Con., The.560 

Hercules Powder Co.562 

Illinois Powder Mfg. Co.564 

EXPLOSIVES—Dynamite (Ammonia) 
Du Pont, E. I., De Nemours & Co, 

Inc. .556 

General Explosives Co.559 

Grasselli Powder Co.561 

Hercules Powder Co.562 

Illinois Powder Co.564 


EXPLOSIVES—Dynamite (Gelatin) 

Atlas Powder Co.555 

Du Pont, E. L, De Nemours & Co.. 

Inc..556, 557 

General Explosives Co.559 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.562 

Illinois Powder Co.564 

EXPLOSIVES—Dynamite, Granular 
(Judson or Railroad Powder) 

Atlas Powder Co.555 

Du Pont, E. I., De Nemours & Co.. 

Inc. .557 

Giant Powder Co., Con., The.560 

Hercules Powder Co.562 

EXPLOSIVES—Dynamite (Nitrogly¬ 

cerine) 

Atlas Powder Co.555 

Du Pont, E. I., De Nemours & Co., 

Inc.^.557 

General Explosives Co.559 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.562 

Illinois Powder Co.564 

EXPLOSIVES—Low Freezing 

Atlas Powder Co.555 

Du Pont, E. I., De Nemours & Co., 

Inc.556, 557 

Giant Powder Co., Con., The.560 

Hercules Powder Co.562 

Illinois Powder Mfg. Co.564 

EXPLOSIVES—^Permissible 

Atlas Powder Co.555 

Du Pont, K L, De Nemours & Co., 

Inc.556, 557 

General Explosives Co... 559 

Giant Powder Co., Con., The.560 

Illinois Powder Mfg. Co.564 

EXTINGUISHERS—Fire 
(See Fire Extinguishers) 

FABRICATED PIPE WORK 
(See Pipes and Bends—Fabricated) 

FANS—Building Ventilators 

Buckeye Blower Co.472, 473 

Jeffrey Mfg. Co.332, 476 

Sturtevant, B. F. Co.161 

FANS—Forced Draft 
Sturtevant, B. F. Company.161 

FANS—^Mine (Centrifugal) 

American Blower Co.474 

Buckeye Blower Co.472, 473 

Jeflfrey Mfg. Co., The..475 

Pittsburgh Mining Machinery Co.810 

Sturtevant, B. F. Company.161 

Salt Lake Hardware Co.277, 821 

fans—M ine (Disc) 

Buckeye Blower Co.472, 473 

Jeffrey Mfg. Co., The.476 

Pittsburgh Mining Machinery Co.810 

Salt Lake Hardware Co.277, 821 

fans—M ine (Metal Ducts) 

American Blower Co.474 

FANS—Mine (Ventilation Tubing) 

American Blower Co.474 

Buckeye Blower Co.472, 473 

FAULT FINDERS 
(See Electrical Supplies) 

F EEDERS—“Apron 

Jeffrey Mfg. Co., The.656 

Link-Belt Co.654 

Webster Mfg. Co.659 

Weller Mfg. Co..660, 661 

FEEDERS-^onyeyor 
Dodge Sales & Engineering Co...661 
Groch Centrifugal Flotation Co.. .758 


Jeffrey Mfg. Co., The.666 

Link-Belt Co.654 

Robins Conveyor Belt Co.668 

Webster Mfg. Co., The.669 

Weller Mfg. Co.660, 661 

FEEDERS—Disc 

Grouch Centrifugal Flotation Co..768 

FEEDERS—Grizzly 

Chalmers & Williams, Inc.621 

Webster Mfg. Co., The.669 

Weller Mfg. Co.660, 661 

FEEDERS—Mine Car 

Bartlett, C. O. & Snow Co.734 

Webster Mfg. Co., The.669 

Weller Mfg. Co.660, 661 

FEEDERS—Oil 

Southwestern Engineeirng Co....759 
FEEDERS—Ore 

Allis-Chalmers Manufacturing Co.620 

Chalmers & Williams, Co.621 

Dodge Sales & Engineering Co.. .651 

Hendy, Joshua, Iron Works.630 

Jeffrey Mfg. Co., The.666 

Link-Belt Co.654 

Southwestern Engineering Co....769 
Weller Mfg. Co.660, 661 

FEEDERS—Reciprocating 

Card, C. S. Iron Works Co.371 

Jeffrey Mfg. Co., The.666 

Webster Mfg. Co., The.669 

Weller Mfg. Co.660, 661 

FEED WATER FILTERS 
(See Filters, Feed Water) 

FEED WATER HEATERS 
(See Heaters, Feed Water) 

FEED WATER TREATMENT 
(See Water Softening and Purifica¬ 
tion) 

FENCING^-Wire 

Wickwire Spencer Steel Corp.430 

FERRULES—Boiler 
(See also Mine and Mill Supplies) 
Colonial Supply Co.830 

FIBRE PRODUCTS—Insulating 
(See Insulating Materials) 

FIBRE ROPE SHIELD 
Ironsides Company, The.431 

FIELD COILS 

(See Coils, Armature and Field) 
FILES 

(See Mine and Mill Supplies) 

FILLER—Wire Rope 
Ironsides Co., The.431 

FILTER CLOTH 
(See Cloth-Filter) 

FILTER CLOTH—Metallic 
(See Cloth—Filter) 

FILTER PRESSES 

Steams-Roger Mfg. Co.738 

United Filters Corp.709 


FILTERS—Acidproof 
United Filters Corp. 


FILTERS—Boiler Feed Water 
(See also Filtration Plants) 

Permutit Company, The.158 

Scaife, Wm. B. & Sons Co.159 

FILTERS—Concentrate 

Colorado Iron Works Co.706 

United Filters Corp.709 
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FILTERS—Continuous Vacuum 

Colorado Iron Works Co.706 

United Filters Corp.709 

FILTERS—Continuous Vacuum (New 
and Used) 

Morse Bros. Machinery & Supply 
Co. .820 

FILTERS—Cyanide 

Colorado Iron Works* Co.706 

United Filters Corp.709 

FILTERS—Oil 

(See also Mine and Mill Supplies) 

Chalmers & Williams, Inc.621 

Permutit Company, The.168 

FILTERS—Pressure Leaf 
United Filters Corp.709 

FILTERS—Rotary Pressure 
Emil E. Lungwitz.708 

FILTERS—^Water (For Dwellings, 
Swimming Pools and Industrial Uses) 
Scaife, Wm. B. & Sons Co.159 

FILTERS—Water, Gravity 
Scaife, Wm. B. & Sons Co.159 

FILTRATION EQUIPMENT 

Permutit Company, The.158 

Scaife, Wm. B. & Sons Co.159 

FIRE ALARMS 

(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Federal Electric Co.275, 280 

FIRE BRICK CEMENT 
(See Cement, Refractory) 

FIRE ENGINES 

(See also Fire Protection Apparatus) 

Colonial Supply Co.830 

Howe Fire Apparatus Co.793 

FIRE EXTINGUISHERS 
(See also Mine and Mill Supplies) 

Colonial Supply Co.832 

Safety First Supply Co.786, 787 

FIRE PAILS 

(See Fire Protection Apparatus) 
(See also Mine and Mill Supplies) 

FIRE PROTECTION APPARATUS 
AND SUPPLIES 


Colonial Supply Co.832 

Howe Fire Apparatus Co.793 

Safety First Supply Co.786, 787 


Glasses, Medicine Dressings—Bye, 
Inhalants, Ammonia Su^ical 
Internal Remedies Bye C5ups 
Lint Eye Shields 

Litters Finger Cots 

Oil of Salt Forceps 

Packets, Individual Soap, Synol 
Dressing Splints—Wire, 

Packets, Pocket Wood. 

Petrolatum, Bora ted Stretchers 
Plaster, Adhesive Tape, Adhesive 
Safety Pins Tincture of Iodine 

Disinfectants Tourniquets 

FISH PLATES 
(See Track Accessories) 

FITTINGS—^Brass (For Pipes and 


Valves) 

Crane Company, The.182, 183 

Kelly & Jones Co., The.186, 187 


FITTINGS—Cast Iron Pipe 
American Car & Foundry Co.356, 357 

FITTINGS—Lead Lined (For Pipes 
and Valves) 

United Lead Co.710, 711 

FITTINGS—Pipe (Wrought and 
Steel) and Valves 
(See also Pipe, Various Kinds) 
(See also Mine and Mill Supplies) 

American Spiral Pipe Co.526 

Byers, A. M. Company.826 

Crane Company.182, 183 

Kelly & Jones Co., The.186, 187 

FITTINGS—Riveted Steel Pipe 
Hendy, Joshau, Iron Works.529 

FITTINGS—Sanitary 
Crane Company.182, 183 

FITTINGS—Wood Pipe 
(See also Pipe—^Wood) 
Continental Pipe Mfg. Co.526 

FLANGES—Pipe 
(See also Fittings, Metal Pipe) 

Crane Company.182, 183 

Kelly & Jones Co., The.186, 187 

FLASHING—Zinc 

American Zinc Products Co., The. .120 

FLASHLIGHTS 
(See Electrical Supplies) 


FLASKS—Carbide 
(See also Mine and Mill Supplies) 
Grier Brothers Co..482 


Justrite Mfg. Co 


483 


FIRST AID CABINETS 
(See Cabinets, First Aid) 

FIRST AID CONTEST OUTFITS 
Mine Safety Appliances Co.783 

FIRST AID PACKETS—Individual 
Dressing 

(See also First Aid Supplies) 

Hygienic Fibre Co .788, 789 

Safety First Supply Co.786, 787 

FIRST AID SUPPLIES 
(See also Mine and Mill Supplies) 

(Items embraced in this classification 
are listed below the names of firms) 


Hygienic Fibre Co.788, 789 

Mine Safety Appliances Co.783 

Safety First Supply Co.786, 787 


Aromatic Spirits Castor Oil 

of Ammonia Charts, Instruction 

Bandages—i Chloramine 

Gauze Compresses 

Roller Cotton. Absorbent 

x'riangular Cups, Drinking 

Blankets— Gauze— 

Woolen Plain 

Rubber Picric 

Boric Acid Iodoform 

Camphenol Tissue 


FLATS 

(See Structural Steel) 

FLEXIBLE COUPLINGS 
(See Couplings, Flexible) 

FLIGHTS, TROUGHS AND PANS— 
Conveyor 

(See also Elevating and Conveying 
Machinery) 

Hendrick Manufacturing Co.645 

Webster Mfg. Co.669 

Weller Mfg. Co.660, 661 

FLOOD LIGHT PROJECTORS 
General Electric Co.242 

FLOOD LIGHTS 
(See also Electrical Supplies) 

General Electric Co.242 

Westinghouse Elec. & Mfg. Co_248 

FLOOR STANDS 

Link-Belt Company.656 

FLOTATION CELL BOTTOMS— 
Cloth 

Filter Fabrics Co.707 


FLOTATION CELLS—Redwood 


Lumber For 

Pacific Lumber Co., The.714 

FLOTATION MACHINES 

Allis-Chalmers Mfg. Co.620 

Colorado Iron Works Co.639 

Denver Engineering Works Co...400 
Groch Centrifugal Flotation Co.. .758 

'Hendy, Joshua, Iron Works.630 

Southwestern Engineering Co...759 
Steams-Rogers Mfg. Co.738 

FLOTATION OILS 
Cleveland-Cliff Iron Co., The...761 

General Naval Stores Co.762 

Hercules Powder Co.763 

Southwestern Engineering Co....769 

FLUES—Smoke 

Hendrick Manufacturing Co.646 

FLUMES—Redwood Lumber For 
Pacific Lumber Co., The.527 

FLUMES—Wood Stave 
Continental Pipe Mfg. Co.526 

FLUMES—Steel 

Hendy, Joshua, Iron Works.529 

FOOT ELBOWS—Lead Lined 


FOOTWEAR—Rubber 
Goodrich, B. F. Rubber Co .829 

FOREHEARTHS—Smelting 
Allis-Chalmers Mfg. Co.740 

FORGES—Oil (For Heating Drill 
Steel) 

Denver Rock Drill Mfg. Co.296 

Hauck Manufacturing Co.811 

Ingersoll-Rand Co .300 

FORGES—Oil (For Rivet Heating) 
Hauck Manufacturing Co.811 

FORGES—Shop 
(See also Shop Machinery) 

Bradley, C. C. & Son.302 

Hauck Mfg. Co.811 

FORGINGS 

Allis-Chalmers Mfg. Co.168 

American Car & Foundry Co.356, 357 
Duff Manufacturing Co.827 

FOUNDRY EQUIPMENT 

Chicago Pneumatic Tool Co.808 

Colonial Supply Co.830 

Hauck Mfg. Co.811 

F() UNTA INS—Drinking 


FRAMERS—Timber 
Denver Engineering Works Co... .400 

FREQUENCY CHANGERS 
Allis-Chalmers Mfg. Co.168 


Westinghouse Elec. & Mfg. Co...248 

FRICTION TAPE 
(See Tapes and Cloth Insulating) 
(See also Electrical Supplies) 

FROGS, TURNOUTS AND 


SWITCHES 

American Frog & Switch Co.370 

Atlas Car & Mfg. Co., The.371 

Card, C. S. Iron Works Co.372 

Central Frog & Switch Co., The. .372 
Easton Car & Construction Co... .369 

Elliot Frog & Switch Co.373 

Foster, L. B. Co.374 

Frank, M. K.376 

Hendy, Joshua, Iron Works.360 

Indiana Foundry Co., Inc_350, 828 

Pettibone Mulliken Co.636 
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FROGS—^Trolley 
* (See also Line Material) 

American Mine Door Co., The-352 

Davidson, O. H. Equipment Co-354 


Oeneral Electric Co.331 

Ohio Brass Co., The.353 


Westinghouse Elec. & Mfg. Co...252 

FUEL ECONOMIZERS 
(See Economizers, Fuel) 

FURNACE CEMENT 
(See Cement, Refractory) 

FURNACES—Assay 
(See also Assayers' and Chemists' 
Supplies and Equipment) 

Braun-Knecht-Heimann Co.770 

Mine and Smelter Supply Co.632 

Westinghouse Elec. & Mfg. Co...248 

FURNACES—Blast 

Allis Chalmers Mfg. Co.. .740 

Worthington Pump and Machinery 
Corp.741 

FURNACES—Blast (New and Used) 
Morse Bros. Machinery & Supply 
Co.820 

FURNACES—Calcining 

General Chemical Co.737 

Pacific Foundry Co.737 

FURNACES—Drying 

General Chemical Co.737 

Pacific Foundry Co.737 

Westinghouse Elec. & Mfg. Co...248 

FURNACES—Electric 

General Electric Co.245 

Westinghouse Elec. & Mfg. Co... 250 

FURNACES—Heat Treatment 
(Metals) 

General Electric Co.245 

Westinghouse Elec. & Mfg. Co...250 

FURNACES—Mechanical Roasting of 
Ores 

Allis-Chalmers Mfg. Co.740 

General Chemical Co.737 

Groch Centrifugal Flotation Co...758 

Pacific Foundry Co. 737 

Worthington Pump and Machinery 
Corp.741 

FURNACES—Melting and Heating 

Hatick Mfg. Co.811 

Westinghouse Elec. & Mfg. Co... 
.250, 251 

FURNACES—Muffle 

Braun-Knecht-Heimann Co.770 

Mine and Smelter Supply Co.632 

Westinghouse Elec. & Mfg. Co...251 

FURNACES—Oil and Gas 

Hauck Mfg. Co.811 

Ingersoll-Rand Co.300 

Sullivan Machinery Co.301 

FURNACES—Oil (For Heating Drill 

Ingersoll-Rand Co.300 

Sullivan Machinery Co.301 

FURNACES—Quicksilver 
Hendy, Joshua, Iron Works.630 

FURNACES—Resistance (Equipment 
For) 

General Electric Co.245 

Westinghouse Elec. & Mfg. Co... 

.248, 250 

FURNACES—Reverberatory 

Allis-Chalmers Mfg. Co.740 

Worthington Pump and Machinery 
Corp.741 


FURNACES—Soldering Iron 


(Electric) 

General Electric Co.246 

FUSE ACCESSORIES 

Bussmann Manufacturing Co.272 

Chicago PHise Mfg. Co.273 

Economy Fuse & Mfg. Co.274 

General Electric Co.247 

Westinghouse Elec. & Mfg. Co...248 


FUSE BLOCKS 
(See also Electrical Supplies) 
Westinghouse Elec. & Mfg. Co...248 

FUSE BOXES 

General Electric Co.247 

Westinghouse Elec. & Mfg. Co...248 

FUSE LIGHTERS 

Atlas Powder Co.555 

Giant Powder Co., Con., The.560 

FUSES—Blasting 
(See also Blasting Supplies) 

Atlas Powder Co.555 

Du Pont, E. I. De Nemours & Co., 

Inc.558 

Ensign-Bickford Co.565, 566 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.563 

Illinois Powder Mfg. Co.564 

Salt Lake Hardware Co.277, 821 

FUSES—Electric 
(See also Electrical Supplies) 

Bussmann Manufacturing Co.272 

Chicago Fuse Mfg. Co.273 

Colonial Supply Co.830 

Economy Fuse & Mfg. Co.274 

Federal Electric Co.275, 280 

General Electric Co.247 

Westinghouse Elec & Mfg. Co... 248 

FUSES—Electric (Open Link) 

Bussmann Manufacturing Co.272 

General Electric Co.247 

FUSES—Indicating 
Economy Fuse & Mfg. Co.274 

FUSES—Non-Renewable 

Bussmann Manufacturing Co.272 

Chicago Fuse Mfg. Co.273 

Economy Fuse & Mfg. Co.274 

FUSES—Plug (Non-Renewable) 

Bussmann Manufacturing Co.272 

Chicago Fuse Mfg. Co.273 

FUSES—Plug (Renewable) 

Economy Fuse & Mfg. Co.274 

Federal Electric Co.275, 280 

FUSES—Refillable and Renewable 
(See also Electrical Supplies) 

Bussmann Manufacturing Co.272 

Chicago Fuse Mfg. Co.273 

Economy Fuse & Mfg. Co.274 

Federal Electric Co.275, 280 

General Electric Co.247 

GAGES 

(See also Tools, Shop) 

(See also Mine and Mill Supplies) 
Niles-Bement-Pond Co.217 

GALVANIZED SHEETS 

(See Sheets, Galvanized) 

GALVANOMETERS (For Testing 

Blasting Circuits) 

(See also Blasting Supplies) 

Atlas Pow^der Co.555 

Du Pont, E. I. De Nemours & Co., 

Inc.558 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.563 


GAS-ELECTRIC UNITS 
(See also Engines, Gas, Gasoline, 
Kerosene and Oil) 

Westinghouse Elec. & Mfg. Co...249 

GAS GENERATORS—Acetylene, 
Oxygen 

(See Generators, Gas) 

GAS MASKS 

(See Masks, Various Kinds) 

GAS PRODUCERS 
Wellman-Seaver-Morgan Co.409 

GASKETS—Metol 
(See Mine and Mill Supplies) 

GASKETS—Rubber and Asbestos 
(See also Packing) 

(See also Mine and Mill Supplies) 


Colonial Supply Co.830 

Crane Company.182, 183 

Jenkins Bros.184, 185 

New York Belting & Packing Co.. 


Quaker City Rubber Co.668 

GASKET TUBING 
Jenkins Bros.184, 185 

GATES—Bin 

Allis-Chalmers Mfg. Co.620 

Bartlett, C. O. & Snow Co.734 

Card, C. S. Iron Works Co.371 

Robins Conveying Belt Co.658 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

GATES—Chute 

Card, C. S. Iron Works Co.371 

Jeffrey Mfg. Co., The.332 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

GATES—Dam (Radial and Outlet) 
Hendy, Joshua, Iron Works.529 

GATES—Head 

Hendy, Joshua, Iron Works.529 

GATES—Reservoir 
Hendy, Joshua, Iron Works.529 

GATES—Sluice 

Colonial Supply Co.832 

Hendy, Joshua, Iron Works.529 

GATES—Wire 

Wickwire Spencer Steel Corp.430 


GAUGE COCKS 
(See Mine and Mill Supplies) 

GAUGE GLASSES 
(See Mine and Mill Supplies) 

GAUGES—Steam, Indicating and Re¬ 
cording 

(See Steam Specialties) 
GAUGES—Water 
(See Mine and Mill Supplies) 
GAUZE—Surgical 
(See First Aid Supplies) 
GEAR DRESSING 
(See Grease, Gear) 

GEAR SHIELD 
(See Grease, Gear) 

GEARS—Herringbone 

Falk Corporation, The.215, 221 

Fawcus Machine Company.216 

Foote Bros. Gear & Machine Co..222 

Niles-Bement-Pond Co.217 

Nuttall, R. D. Co. 218 

Poole Engineering & Machine Co., 

The .224, 225 

Tool Steel Gear & Pinion Co.219 

Vulcan Iron Works Co., The.408 

GEARS AND PINIONS—Locomotive 

Falk Corporation, The.215, 221 

Niles-Bement-Pond Co.217 

Nuttall, R. D. Co.218 

Tool Steel Gear & Pinion Co., The.219 


FURNACES—Smelting 
(See Furnaces, Blast) 

(See Furnaces, Reverberatory) 


GAS COMPRESSORS 
(See Compressors, Gas) 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
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CiEARS AND PINIONS—Mitre, 
Bevel, Spur and Worm 

B. & W. Oil-less Conveyor Co_649 

Caldwell, W. E. Co.712 

Denver Engineering Works Co...400 
Dodge Sales & Engineering Co.. .651 

Falk Corporation, The.215, 221 

Fawcus Machine Company.216 

Foote Bros. Gear & Machine Co.. 222 

Ganschow, William Company.223 

General Electric Co.246 

Jeffrey Mfg. Co., The.653 

Jones, W. A. Foundry & Machine 

Co.226 

Link-Belt Co.208 

Medart Co., The.213 

Niles-Bement-Pond Co.217 

Nuttall, R. D. Co.218 

Pettibone Mulliken Co.636 

Tool Steel Gear & Pinion Co., The.219 

Vulcan Iron Works Co.408 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

Westinghouse Elec. & Mfg. Co...248 

GEARS—Noiseless 
Foote Bros. Gear & Machine Co... 222 

Ganschow, William Company.223 

General Electric Co.246 

Jones, W. A. Foundry & Machine 

Co.:.226 

Westinghouse Elec. & Mfg. Co...248 

GEARS—Spiral and Helical 
Foote Bros. Gear & Machine Co.. .222 

Nuttall, R. D. Co.218 

Vulcan Iron Works Co., The.408 

GEARS—^Turbine Transmission 

Faw'cus Machine Co.216 

Poole Engineering & Machine Co., 
The .224, 225 

GEARS—Turbine and Reduction 
(See also Drives, Worm Gear) 

De Laval Steam Turbine Co.... 162 

Falk Corporation, The.215, 221 

Fawcus Machine Co.216 

Moore Steam Turbine Corp.163 

Nuttall, R. D. Co.218 

Poole Engineering & Machine Co., 

The .224, 225 

Terry Steam Turbine Corp.164 

Weller Mfg. Co.660, 661 

GEARS AND PINIONS—Rawhide 
Foote Bros. Gear & Machine Co.. .222 
Ganschow, William Company... .223 
Jones, W. A. Foundry & Machine 
Co.226 

GELATIN 

(See Explosives, Gelatin) 

GENERATING SETS—Engine 
Driven 

(See also Motors and Generators) 

General Electric Co.240 

Pittsburgh Mining Machinery Co.810 
Westinghouse Elec. & Mfg. Co...249 

GENERATORS 
(See Motors and Generators) 

GENERATORS—Gas (Acetylene, 


Oxygen) 

Imperial Brass Mfg. Co.813 

Oxweld Acetylene Co.816, 817 

GENERATORS—Water Wheel 
Driven 

General Electric Co.240 

Westinghouse Elec. & Mfg. Co.. .249 

GEOLOGISTS 

Hunt, Robt. W. & Co. 83 

GIANT STRIDES—Playground 

Mine Safety Appliances Co.784 

Safety First Supply Co.786, 787 


GIANTS—Hydraulic 
Hendy, Joshua, Iron Works.528 

GLASS BLOWING 
(See Assayers' and Chemists' Supplies 
and Equipment) 

GLASSWARE—Chemical 
Supplies and Equipment) 

(See also Assayers' and Chemists' 
Mine and Smelter Supply Co.632 

GLOVES—Asbestos, Fibre and 
Rubber 

Safety First Supply Co.786, 787 

GLUE POTS—Electric 

General Electric Co.246 

Westinghouse Elec. & Mfg. Co...252 

GOGGLES (Safety) 

Safety First Supply Co.786, 787 

GONGS—Signal and Trip 
(See also Electrical Supplies) 
Safety First Supply Co.786, 787 

GOVERNORS—Engine 
(See Engines, Steam) 

(See also Mine and Mill Supplies) 

GRANULATING MACHINERY 
(See Crushers; See Pulverizers; See 
Mills) 

GRAPHIC RECORDING INSTRU¬ 
MENTS 

(See Instruments, Recording) 

GRAPHITE—Boiler 
(See Mine and Mill Supplies) 

GRAPHITE—Lubricating 
(See Mine and Mill Supplies) 

GRAPPLES—Wood 
Industrial Works .498 

GRATE BARS 
(See Bars, Grate) 

GRATINGS—Area 

Hendrick Manufacturing Co.645 

GRATINGS—Wire 

Wickwire Spencer Steel Corp....430 

GRAVEL HANDLING EQUIPMENT 
Jeffrey Mfg. Co., The.332 

GRAVEL WASHING PLANTS 
COMPLETE 

Link-Belt Co.499 

GRAVITY PLANE MACHINES 
(See Drums, Gravity Plane) 

(See Sheaves, Gravity Plane) 

GREASE—All Purposes 
(See also Mine and Mill Supplies) 


Colonial Supply Co.830 

Cook’s, Adam, Sons.540 

Ironsides Company, The.431 

Standard Oil Co.541 

GREASE—Cup 

(See also Mine and Mill Supplies) 

Cook’s, Adam, Sons.540 

Ironsides Com pany, The.431 

GREASE—Drill 
(See Lubricants, Drill) 


GREASE—Gear 

(See also Greases for all Purposes) 


Cook’s, Adam, Sons.540 

Ironsides Company, The.431 

Standard Oil Co.541 

GREASE—Plunger 
Ironsides Company, The.431 

GREASE—Mine Car 

Cook’s, Adam, Sons.540 

Standard Oil Co.541 

GREASE—Rope 


(See Cable and Rope Dressing) 


GREASE BUCKETS 
(See Buckets, Grease) 

GREASE CUPS 
(See Mine and Mill Supplies) 

GREASE GUNS 
(See also Mine and Mill Supplies) 
Card, C. S. Iron Works Co., The 371 

G RIDS—Resistance 
Westinghouse Elec. & Mfg. Co...248 


GRILLE WORK 

Wickwire Spencer Steel Corp... .430 

GRINDERS—Chemical 
Stroud, E. H. & Co.742 

GRINDERS—Ore 


(See Crushers, Pulverizers, Mills) 

GRINDERS—Shop 
(See also Shop Machinery) 


Chicago Pneumatic Tool Co.809 

Colonial Supply Co.830 

Ingersoll-Rand Co.300' 


GRINDERS AND DRILLS (Motora 
For) 

(See Motors, Fractional Horsepower) 


GRIZZLIES 

Allis-Chalmers Mfg. Co.620 

Card, C. S. Iron Works Co.371 

Chalmers & Williams, Inc.621 

Webster Mfg. Co.659' 

Weller Mfg. Co.660, 661 


GUARD RAILS AND CLAMPS 
(See Track Accessories) 

GUARDS—Lamp 
(See also EJiectrical Supplies) 

Davidson, O. H. Equipment Co-354 

Safety First Supply Co.786, 787 

GU A RDS—M achiner y 

Safety First Supply Co.786, 787 

Wickwire Spencer Steel Corp....430' 

GUARDS—Window 
Wickwire Spencer Steel Corp....430 

GUDGEONS 

Tool Steel Gear & Pinion Co.219’ 

GUM—Sheet 
(See Packing, Sheet) 

HACK SAWS AND BLADES 
(See Mine and Mill Supplies) 

HAMMER MILLS 
(See Crushers, Hammer) 

HAMMERS—Crusher and Pulverizer 
(See also Crushers, Hammer) 


Pettibone Mulliken Co.630 

HAMM ERS—Forging 

Bradley, C. C. & Son, Inc.302 

Niles-Bement-Pond Co.217 

Sullivan Machinery Co.301 

HAMMERS—Pneumatic, Calking and 
Chipping 

Chicago Pneumatic Tool Co.800 

HAMMERS—(Pneumatic) Riveting 
Chicago Pneumatic Tool Co.808 

HAMMERS—Power 

Bradley, C. C. & Son.302 

Niles-Bement-Pond Co.217 

Pittsburgh Mining Machinery Co.810 

HAMMERS—Power (New and Used) 
Kleinhans, H. Company.502 


HAMMERS—Sledge 
(See Mine and Mill Supplies) 

(See Miners’ Tools and Supplies) 

HAMMERS—Spike 
(See Mine and Mill Supplies) 

HAMMERS—Steam Pile Drivers 
Industrial Works .490 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
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HANDLES—Pick 
(See Miners’ Tools and Supplies) 

HANGERS—Clothes 

Channon, Jas. H. Mfg. Co.792 

Safety First Supply Co.786, 787 

HANGERS—Pipe 
(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Crane Company.182, 183 

HANGERS—Pulley and Shaft 
(See also Power Transmission Ma¬ 
chinery) 

(See also Mine and Mill Supplies) 

Colonial Supply Co.831 

Dodge Sales & Engineering Co... 210 
Jones, W. A. Foundry & Machine 

Co.226 

Link-Belt Co.655 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

HANGERS—Trolley Wire 

(See also Line Material) 
Davidson, O. H. Equipment Co... .354 

General Electric Co.331 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co...252 

HARDWARE—Heavy 
(See also Mine and Mill Supplies) 

Colonial Supply Co.^0 

Salt Lake Hardware Co.... 277, 821 

HARNESS SUPPLIES 
(See Mine and Mill Supplies) 

HARPS AND HEADS—Trolley 
(See also Electrical Supplies) 

(See also Trolley Wheels and Harps) 
Davidson, O. H. Equipment Co... 354 

Nuttall, R. D. Co.218 

Ohio Brass Co., The.353 

HATS AND HELMETS—Safety 
Safety First Supply Co.786, 787 

HAULAGE ENGINES 

(See Engines, Haulage) 

HAULS—Empty Cars 

(See Car Hauls) 

HEADER LINES 
(See also Pipes and Bends, Fabri¬ 
cated ) 

ColonUl Supply Co.831 

Crane Company .182, 183 

HEADER LINES—Welded 
(See also Pipe and Bends, Fabricated) 

Colonial Supply Co.831 

Crane Company.182, 183 

HEADFRAMES 

Pittsburgh Mining Machinery Co.. 810 

Wellman-Seaver-Morgan Co.409 

Wisconsin Bridge & Iron Co.123 

HEADLIGHTS—Locomotive 
(See also Electrical Supplies) 

Colonial Supply Co.830 

General Electric Co.331 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co...252 

HEADS AND MANTLES—For 
Crushers 

Pettibone Mulliken Co.636 

HEATERS—Air, Gas and Oil 

Colonial Supply Co.830 

Hauck Manufacturing Co.811 

Westinghouse Elec. & Mfg. Co...248 

HEATERS—Concrete 
Hauck Mfg. Co.811 


HEATERS—Electric 
Cutler.Hammer Mfg. Co., The... 

.258, 259 

General Electric Co.246 

Westinghouse Elec. & Mfg. Co...248 

HEATERS—Electric Rivet 
American Car & Foundry Co.356, 357 
General Electric Co.246 

HEATERS—Feed Water 

Brownell Co., The.153 

Mine and Smelter Supply Co.... 632 
Worthington Pump and Machinery 
Corp.166, 167 

HEATERS—Locomotive Tire 
Hauck Manufacturing Co.811 

HEAT EXCHANGERS 
Southwestern Engineering Co.... 759 

HEAT INSULATION MATERIALS 
(See Insulating Materials, Heat) 

HIGH TENSION EQUIPMENT 


Allis-Chalmers Mfg. Co.169 

General Electric Co.241 

Kuhlman Electric Co.260 

Moloney Electric Co.261 

Ohio Brass Co., The.353 

Packard Electric Co., The.... 262, 263 


Pittsburgh Transformer Co.. 264, 265 
Westinghouse Elec. & Mfg. Co.. .249 

HITCHINGS—Mine Car 
(See also Mine and Mill Supplies) 
(See also Cars, Mine) 
American Car & Foundry Co 356, 357 


Card, C. S. Iron Works Co.371 

Colonial Supply Co.830 

Macwhyte Company .423 


HOISTING AND HAULAGE EN¬ 
GINES 

(See Engines, Haulage) 

(See Hoists, Steam) 

HOIST HOUSES 
(See Houses, Hoist) 

HOIST MOTOR CONTROLLERS 


(See Controllers, Electric Hoist) 
HOISTS—Column 

Chicago Pneumatic Tool Co.809 

Denver Rock Drill Mfg. Co., The. .296 

Ingersoll-Rand Co.300 

Sullivan Machinery Co.301 

HOISTS—Compressed Air 

Chicago Pneumatic Tool Co.291 

Denver Rock Drill Mfg. Co., The. .296 

Hendy, Joshua, Iron Works.401 

Ingersoll-Rand Co.300 

Lake Shore Engine Works.403 

Sullivan Machinery Co.175, 301 


HOISTS—Drag Line 
Pneumelectric Corporation, The.. 406 

HOISTS—Electric, Rope Haulage 

Allis-Chalmers Mfg. Co.397 

Denver Engineering Works Co.. .400 
English Tool & Supply Co., The 

.398, 399 

Hendy, Joshua, Iron Works.401 

Lake Shore Engine Works.402 

Link-Belt Co.653 

McLanahan-Stone Machine Co.... 492 
Mundy, J. S. Hoisting Engine Co. .404 

Ottumwa Iron Works.405 

Pittsburgh Mining Machinery Co.810 

Pneumelectric Corp., The.406 

Salt Lake Hardware Co.277, 821 

Thomas Elevator Co.407 

Vulcan Iron Works Co., The.408 

Weller Mfg. Co. 660, 661 

Wellman-Seaver-Morgan Co.409 


HOISTS—Electric, Shaft and Inclined 
Shaft 

Allis-Chalmers Mfg. Co.397 

Denver Engineering Works Co...400 
English Tool & Supply Co., The.. 

.398, 399 

Hendy, Joshua, Iron Works.401 

Lake Shore Engine Works.402 

Ottumwa Iron Works.405 

Pittsburgh Mining Machinery Co. .810 

Salt Lake Hardware Co.277, 821 

Thomas Elevator Co.407 

Vulcan Iron Works Co., The.408 

Wellman-Seaver-Morgan Co.409 

HOISTS—Gasoline or Oil 
English Tool & Supply Co., The 

.398, 399 

Hendy, Joshua, Iron Works.401 

Mundy, J. S. Hoisting Engine Co. .404 
Pittsburgh Mining Machinery Co. .810 

HOISTS—Portable 

Pneumelectric Corp., The.406 

Vulcan Iron Works Co., The.408 

HOISTS—Scraper-Loader 

Ingersoll-Rand Co.300 

Lake Shore ^gine Works.403 

Pneumelectric Corp., The.406 

Thomas Elevator Co...407 

HOISTS—Shop 

(See also Mine and Mill Supplies) 

Chicago Pneumatic Tool Co.809 

Ryerson, Jos. T. & Son.122 

HOISTS—Skip 

Bartlett, C. O. & Snow Co.734 

Jeffrey Mfg. Co., The.332 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

HOISTS—Steam 

Allis-Chalmers Mfg. Co.397 

English Tool & Supply Co., The 

.398, 399 

Hendy, Joshua, Iron Works.401 

Lake Shore Engine Works.402 

Mundy, J. S. Hoisting Engine Co. .404 

Ottumwa Iron Works.405 

Pittsburgh Mining Machinery Co. .810 

Vulcan Iron Works Co., The.408 

Wellman-Seaver-Morgan Co.409 

HOISTS—All Kinds (New and Used) 
Morse Bros. Machinery & Supply 
Co.820 

HOLDER-ONS (Riveting) 
Chicago Pneumatic Tool Co.809 

HOLE-PUNCHING MACHINES (For 
Steel Drills) 

Denver Rock Drill Mfg. Co., The.296 
Ingersoll-Rand Co.300 

HOOKS—For Wire Rope 

(See Rope Fittings and Accessories) 

HOOKS—Safety Detaching 

Macwhyte Company .423 

Wellman-Seaver-Morgan Co.409 

HOPPERS—Ash 

Hendrick Manufacturing Co.645 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

Wisconsin Bridge & Iron Co.123 

HOPPERS—Ore 

Card, C. S. Iron Works Co.371 

HOSE—Acetylene Welding 
New York Belting & Packing Co. 

.304, 667 

United States Rubber Co....305, 669 
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HOSE—Air Drill and Tools 

Chicago Pneumatic Tool Co.291 

CleTeland Rock Drill Co., The.... 295 

Goodrich, B. F. Rubber Co.303 

Hardsocg Wonder Drill Co.297 

New York Belting & Packing Co. 

.304, 667 

Quaker City Rubber Co.668 

Salt Lake Hardware Co.277, 821 

United States Rubber Co...305, 669 

HOSE—Fire, Steam and Water 
(See also Mechanical Rubber Goods) 
(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Goodrich, B. F. Rubber Co., The. 

.794, 795 

New York Belting & Packing Co. 

.304, 667 

Quaker City Rubber Co.668 

Salt Lake Hardware Co.277, 821 

United States Rubber Co.. .305, 669 

HOSE—Suction 

New York Belting & Packing Co. 

.304, 667 

Quaker City Rubber Co.668 

United States Rubber Co... .305, 669 

HOSE—Water Drill 
United States Rubber Co... 305, 669 

HOSE COUPLINGS 
(See Couplings, Hose) 

HOSE FITTINGS 

Dixon Valve & Coupling Co.306 

HOSE RACKS 
(See Mine and Mill Supplies) 

HOSPITAL EQUIPMENT AND SUP¬ 
PLIES 

(See also First Aid Supplies) 

Mine Safety Appliances Co.783 

Safety First Supply Co.786, 787 

HOUSES—Hoist 

Wisconsin Bridge & Iron Co.123 

HYDRANTS 

(See Mine and Mill Supplies) 

HYDRATING SYSTEMS 
Schaffer Engineering & Equipment 
Co.672 

HYDRATORS—Lime, Continuous 
Schaffer Engineering & Equipment 
Co.672 

HYDRAULIC MACHINERY 
Hendy, Joshua, Iron Works.528 

HYDRAULIC RINGS 
(See Packing, Hydraulic and Steam) 

HYDRAULIC SUPPLIES 
American Spiral Pipe Works.525 

HYDRO-ELECTRIC STATION 
EQUIPMENT 

General Electric Co.240 

Westinghouse Elec. & Mfg. Co...249 

HYGRODEIKS 
(See Mine and Mill Supplies) 

IDLERS—Return Conveyor Belt 

B. & W. Oil-less Conveyor Co.649 

Jeffrey Mfg. Co., The.657 

Link-Belt Co.653 

IDLERS—^Troughing 
(See Rolls, Conveyor, Troughing) 

IGNITERS—Delay Electric 
(See also Blasting Supplies) 

Atlas Powder Co.555 

Du Pont, E. 1. De Nemours & Co., 

Inc.658 

Giant Powder Co., Con., The.560 

Hercules Powder Co.563 

INCLINE PLANE MACHINERY 
Card, C. S. Iron Works Co.371 


INDICATORS—Engine 
(See Mine and Mill Supplies) 

INDUSTRIAL PLANTS—Designed 
and Constructed 

Foundation Company, The. 82 

Groch Centrifugal Flotation Co..758 

Hardinge Company.628, 629 

Hunt, Robt. W. & Co. 83 

Stearns-Roger Mfg. Co.738 

Wisconsin Bridge & Iron Co.123 

INJECTORS 

(See Mine and Mill Supplies) 

INSPECTION, ANALYSIS AND 
TESTING MATERIALS 
Hunt. Robt. W. & Co. 83 

INSPIRATORS 
(See Mine and Mill Supplies) 

INSTRUMENTS—Recording (Elec¬ 
trical) 

General Electric Co.241 

Westinghouse Elec. & Mfg. Co...248 

INSTRUMENTS—Scientific 

Braun-Knecht-Heimann Co.770 

Mine & Smelter Supply Co.771 

INSTRUMENTS—Surveying and 
Mapping 

Buff & Buy Mfg. Co. 80 

Colonial Supply Co.832 

Gurley, W. & L. E. 81 

INSTRUMENTS—Switchboard 

General Electric Co.241 

Westinghouse Elec. & Mfg. Co.. .250 

INSULATED WIRE AND CABLE 
(See Wire and Cable, Copper, Bare 
and Insulated) 

INSULATING MATERIALS—Elec¬ 
tric 

(See also Electrical Supplies) 

Economy Fuse & Mfg. Co.274 

General Electric Co.246 

Rubber Insulated Metals Corp...278 
Standard Underground Cabl eCo. .271 
Westinghouse Elec. & Mfg. Co...248 

INSULATING MATERIALS—Heat 
(See also Mine and Mill Supplies) 

Celite Products Co...156 

Quigley Furnace Specialties Co., 

Inc.167 

INSULATING PAPER 
(See Insulating Materials) 

INSULATING TAPE AND CLOTH 
(See Tape and Cloth, Insulating) 

INSULATION—Boiler or Furnace 
(See Insulating Materials, Heat) 

INSULATION—Electric, Molded 
Economy Fuse & Mfg. Co.274 

INSULATORS—All Types (Electric 
Wire) 

(See also Electrical Supplies) 
American Mine Door Co., The.... 352 

General Electric Co.242 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co...252 

INTERCOOLERS—Compressor 
Southwestern Engineering Co....759 

IRON—Structural 

Ryerson, Jos. T. & Son.122 

IRON AND STEEL BARS 
(See Bars, Iron and SterfJ 

IRON REMOVAL APPARATUS 
(See Pulleys, Magnetic) 

(See Separators, Magnetic) 

IRON, SULPHUR AND MANGA¬ 
NESE REMOVAL APPARATUS 
Permutit Company .158 


IRON WORK—Ornamental 
Wickwire Spencer Steel Corp....430 

IRONS—Soldering, Electric 
(See Soldering Irons, Electric) 

JACKS—General Purposes 
(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Duff Manufacturing . 827 

JACKS—Mine Car 
(See also Mine and Mill Supplies) 
Duff Manufacturing Co.827 

JACKS—Timber 

Duff Manufacturing Co.827 

JACKS—Track 

(See also Mine and Mill Supplies) 
Duff Manufacturing Co.827 

JIGS 

Allis-Chalmers Mfg. Co.620 

Denver Engineering Works Co...400 

Hendy, Joshua, Iron Works.630 

McLanahan-Stone Machine Co-492 

Worthington Pump and Machinery 
Corp.626 

JOINTING—Asbestos 
Jenkins Bros.184, 185 

JOINTS—Expansion 
(See also Mine and Mill Supplies) 

Crane Company.182, 183 

Hendy, Joshua, Iron Works.529 

Kelly & Jones Co., The.186, 187 

Nelson Valve Co.188 

JOINTS—Pipe 
(See Mine and Mill Supplies) 

JOINTS—Rail 
(See Track Accessories) 

JOURNAL BOXES 
Lobdell Car Wheel Co.364 

KETTLES—Smelting 
Steams-Roger Mfg. Co.738 

KETTLES—Thawing 
(See also Blasting Supplies) 

Atlas Powder Co.336, 337 

Du Pont, E. L, De Nemours & Co., 

Inc..558 

Giant Powder Co., Con., The....560 
Illinois Powder Mfg. Co.564 

KILNS—Lime 

Steams-Roger Mfg. Co.738 

KILNS—Rotary 

Allis-Chalmers Mfg. Co.740 

Bartlett, C. O. & Snow Co.734 

Hendy, Joshua, Iron Works.630 

Weller Mfg. Co.660, 661 

KINDLERS—Fire 

Hauck Mfg. Co.811 

LABORATORY—Testing 
Dings Magnetic Separator Co... .673 

Dorr Company, The.704, 705 

Dwight & Lloyd Sintering Go., 

Inc.736 

Hunt, Robert W. & Co. 83 

Magnetic Mfg. Co.674 

LABORATORY APPARATUS 
(See Assayers’ and Chemists' 
Supplies) 

LABORATORY MACHINERY AND 
SUPPLIES 

(See also Assayers' and Chemists' 
Supplies) 

Braun-Knecht-Heiman Co.770 

Mine and Smelter Supply Co. .632, 771 
LADDERS 

(See Mine and Mill Supplies) 
LADLES—Matte and Slag 

Allis-Chalmers Mfg. Co.740 

Worthington Pump and Machinery 
Corp .741 
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LAMP BULBS 
(See Electrical Supplies) 

LAMP CHARGING EQUIPMENT 
(See Charging Equipment, Lamp) 


LEATHER—LACE 
(See Mine and Mill Supplies) 

LEATHER BELTING 
(See Belts, Leather) 


LOADERS—Box Car 


Weller Mfg. Co.660, 661 

LOADERS—Portable Bucket 
Jeffrey Mfg. Co.332 


LAMP GUARDS 
(See Guards, Lamp) 

LAMPS—Arc and Incandescent 
(See also Electrical Supplies) 
Westinghouse Elec. & Mfg. (Jo... .248 

LAMPS—Carbide (Cap and Hand) 
(See also Mine and Mill Supplies) 

Grier Brothers Company.482 

Justrite Mfg. Co.183 

Shanklin Mfg. Co.484 

Wolf Safety Lamp Co. of America 
Inc.485 

LAMPS—Carbide (For Household and 
Outside Illumination) 

Wolf Safety Lamp Co. of America 
Inc.485 

LAMPS—Carbide (Tip Cleaner for) 
(See Cleaners, Tip, For Carbide Lamp) 

LAMPS—Carbon and Mazda 
(See Electrical Supplies) 

LAMPS—Electric Cap 

Colonial Supply Co.830, 832 

Edison Storage Battery Co.486 

LAMPS—Electric Hand 
(See also Electrical Supplies) 

Colonial Supply Co.830 

Edison Storage Battery Co.486 

LAMPS—Flashlight 
(See Electrical Supplies) 

LAMPS—Miners’ Safety 

Edison Storage Battery Co.486 

Mine Safety Appliances Co.186 

Wolf Safety Lamp Co. of America. 

Inc.485 

LAMPS—Plummet 

Buff & Buff Mfg. Co.. 80 

LAMPS—Portable (Electric) 

(See also Electrical Supplies) 

Edison Storage Battery Co.486 

Mine Safety Appliances Co.486 

LAMPS—Trip 

Edison Storage Battery Co.486 

Justrite Mfg. Co.483 

Mine Safety Appliances Co.48^ 

Safety First Supply Co.786, 787 

Wolf Safety Lamp Co. of America. 

Inc.485 

LANTERNS 

(See Mine and Mill Supplies) 
LATH—Metal 

Wickwire Spencer Steel Corp....430 
LATHES 

(See also Shop Machinery) 

Colonial Supply Co.830 

Ryerson, Jos. T. & Son.122 

LEACHING PLANTS 
National Tank & Pipe Co.713 

LEAD ACETATE (Cyaniding) 
(See also Acids and Chemicals) 
Roessler and Hasslacher Chemical 
Co.764 

LEAD COVERED CABLES 
(See Cables, Lead Encased) 

LEAD COVERED AND LINED 
PRODUCTS 

United Lead Co.710, 711 

LEADING AND CONNECTING 
WIRES 

(See Wire, Connecting and Leading) 

LEATHER—Hydraulic 
(See Mine and Mill Supplies) 


LEATHER PACKINGS 
(See Mine and Mill Supplies) 


LEVELING RODS 

Buff & Buff Mfg. Co. 80 

Gurley, W. & L. E.81 

LEVELS 

(See also Instruments Surveying) 

Buff & Buff Mfg. Co. 80 

Colonial Supply Co.832 

Gurley, W. & L. E. 81 

LIGHTNING ARRESTERS 
(See also Electrical Supplies) 

General Electric Co.241 

Westinghouse Elec. & Mfg. Co _ 


LIGHTS—Flood 
(See Flood Lights) 


LINE MATERIAL, RAILWAY 
(See also Electrical Supplies) 
(Items embraced in this classification 
are listed below the names of firms) 
Davidson, O. H. Equipment Co...354 


General Electric Co.239 

Ohio Brass Co., The .353 


Westinghouse Elec. & Mfg. Co.. 252 


Adaptors, Pipe 
Armor, Trolley 
Arresters, Light¬ 
ning 

Bonds, Rail 
Pin Driven 
Removable 
Soldered Ter¬ 
minal 

Solid Wire 
Bolts— 

Expansion 
Insulated 
Braces, Cross Arm 
Brackets— 

Pole 

Side 

Bushings, Porcelain 
Caps— 

Insulated 
Steel Bonding 
Clamps— 

Bonding 
Feeder Wire 
Strain 
I Beam 

Suspension In¬ 
sulator 
Trolley 

Connectors, Wire 
Cross-overs, Trol¬ 
ley 

Ears, Trolley 
Frogs. Trolley 
Hangers— 

Feed-in 

Trolley 


Insulators, All 
Kinds 

Knobs, Porcelain— 
Insulating 
Pins— 

Insulator 
Messenger Insu¬ 
lator 

Bond Expansion 
Plugs, Wood Mine 
Hanger 

Pull-Overs, Curve 
Screws. Mine 
Hanger 

Sleeves, Copper 
Bonding 


Trolley 
Splicers— 

Feeder Wire 
Trolley Wire 
Switches 

Disconnecting 

Knife 

Line Section 
Section Insulator 
Tape, Insulating 
Taps, Current 
Terminals, Rail 
Bond 

Tighteners, Trolley 
Wire 

Turnbuckles, Insu¬ 
lated 

Wire, Trolley 


LINERS—Launder 

Pettibone Mulliken Co.636 


LINERS—Mortor 

Pettibone Mulliken Co.636 

LININGS—Ball, Rod and Tube Mill 
(Metal) 

Colorado Iron Works Co ..638, 706 

Jeffrey Mfg. Co.332 

Midwest Forge & Steel Co.635 

Mine and Smelter Supply Co. 

.632, 633 

Pettibone-Mulliken Co .636 

LININGS—Ball and Tube Mill 
(Silica) 

(See also Ball and Tube Mill Supplies) 
Colorado Iron Works Co....638, 706 
Jeffrey Mfg. Co.33-' 

LINKS—Electric Fuse, Renewable 

Bussman Manufacturing Co.272 

Chicago Fuse Mfg. Co.273 

Economy Fuse & Mfg. Co.274 


LOADERS—Wagon and Truck 
(Portable) 

Jeffrey Mfg. Co., The.332 

Link-Belt Co.653 

Weller Mfg. Co.660, 661 

LOADING BOOMS 

Jeffrey Mfg. Co..332 

Webster Mfg. Co., The .659 

Weller Mfg. Co.660, 661 

LOADING MACHINES—For Under¬ 
ground or Open Pit 
Cole-Goudie Shovel Co., The.. 308, 309 

Hoar Shovel Agency, Inc.312 

Jeffrey Mfg. Co., The.332 

Lake Shore Engine Works.402 

Lake Superior Loader Co... .310, 311 

Myers-Whaley Co.313 

Webster Mfg. Co., The.659 

LOCKERS—Metal (For Clothing) 
Durand Steel Locker Co....790, 791 

LOCKERS—Metal (For Storage) 
Durand Steel Locker Co.790, 791 

LOCOMOTIVE CABLE 
(See Cable, Locomotive) 

LOCOMOTIVE CRANES 
(See Cranes, Locomotive) 

LOCOMOTIVE HEADLIGHTS 
(See Headlights, Locomotive) 

LOCOMOTIVE TIRE HEATERS 
(See Heaters, Locomotive Tire) 

LOCOMOTIVE WHEELS 
(See Wheels, Locomotive) 

LOCOMOTIVES—Combination 

Atlas Car & Mfg. Co.336, 337 

Goodman Manufacturing Co.334 

Iron ton Engine Co.338 

Jeffrey Mfg. Co.332 

Westinghouse Elec. & Mfg. Co...251 

LOCOMOTIVES—Compressed Air 
Porter, H. K. Co.348 

LOCOMOTIVES—Electric (Trolley 
Type) 

Atlas Car & Mfg. Co., The.. .336, 337 
Baldwin Locomotive Works, The.346 

General Electric Co.330, 331 

Goodman Mfg. Co.334 

Jeffrey Mfg. Co., The.332, 333 

Westinghouse Elec. & Mfg. Co... 

.248, 251 

Whitcomb, Geo. D. Co.328, 329 

LOCOMOTIVES—Gasoline 

Atlas Car & Mfg. Co.336, 337 

Baldwin Locomotive Works, The.346 
Whitcomb, Geo. D. Co.344, 345 

LOCOMOTIVES—Steam (Gear Drive) 
Davenport Locomotive Works.347 

LOCOMOTIVES—Steam (Rod 
Drive) 

Baldwin Locomotive Works, The. .346 
Davenport Locomotive Works....347 
Porter, H. K. Co.348 

LOCOMOTIVES—Storage Battery 
Atlas Car & Mfg. Co., The. .336, 337 
Baldwin Locomotive Works, The. .346 
Davidson, O. H. Equipment Co...354 

General Electric Co.330, 331 

Goodman Mfg. Co.334 

I ronton Engine Co., The.338 

Jeffrey Mfg. Co., The.332, 333 

Mancha Storage Battery Locomo¬ 
tive Co.339 

Westinghouse Elec. & Mfg. Co. 251 
Whitcomb, Geo. D. Co.340, 341 
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LOCOMOTIVES—Third Rail 
General Electric Co.330, 331 

LOCOMOTIVES—Trolley and Reel 

Goodman Manufacturing Co.334 

Whitcomb, Geo. D. Co.328 

LOCOMOTIVES—All Kinds (New 
andUsed) 

Frank, M. K.376 

Kleinhans, H. Co.502 

Morse Bros. Machinery & Supply 
Co.820 

LOG WASHERS 

Allis-Chalmers Mfg. Co.620 

Hendy, Joshua, Iron Works.630 

McLanahan-Stone Machine Co.... 492 
Worthington Pump and Machinery 
Corp.626 

LOG WASHERS—Magnetic 
Dings Magnetic Separator Co.... 673 

LOGS FOR LOG WASHERS 
McLanahan-Stone Machine Co...492 

LUBRICANTS—ALL PURPOSES 
(See also Greases) 

(See also Mine and Mill Supplies) 
(See Oils) 

Cook’s, Adam, Sons.540 

Standard Oil Co. 541 

LUBRICANTS—Drill 
(See also Lubricants for all Purposes) 

Hardsocg Wonder Drill Co.297 

Standard Oil Co.541 

LUBRICANTS—Wire Rope 
(See Cable and Rope Dressing) 

LUBRICATORS 
(See Steam Specialties) 

LUMBER 

National Tank & Pipe Co.713 

Pacific Lumber Co.527, 714, 715 

LUMBER—Redwood 
Pacific Lumber Co.527, 714, 715 

MACHINERY—Ash Handling 
(See Conveyors) 

MACHINERY—Bought, Sold and Ex¬ 


changed 

Frank, M. K.375 

Gregory Electric Co.276 

Kleinhans, H. Co.502 

Morse Bros. Machinery & Supply 
Co., The.820 


MACHINERY—Conveying 
(See Item W’anted) 

MACHINERY—Drying 
(See Dryers, Various Kinds) 

MACHINERY—Elevating 
(See Elevating and Conveying Ma¬ 
chinery) 

MACHINERY—Woodworking 
(See Mine and Mill Supplies) 

(See also Shop Machinery) 


Chicago Pneumatic Tool Co.808 

Ingersoll-Rand Company.298 

MACHINERY REPAIRS 
(See Repairs, Machinery) 

MAGAZINES—Powder 

Atlas Powder Co.555 

Giant Powder Co., Con., The.560 

Hercules Powder Co.563 

MAGNET WIRE 
(See Wire, Magnet) 


MAGNETIC CONCENTRATION 
PLANTS 

Dings Magnetic Separator Co... .673 

MAGNETIC SEPARATORS 
(See Separators, Magnetic) 


MAGNETOS—Blasting 
(See Blasting Machines) 

M AGN ETS—Conveyor 
Dings Magnetic Separator Co.... 673 

MAGNETS—Electric 
Cutler-Hammer Mfg. Co., The... 
.258, 259 


Dings Magnetic Separator Co.... 673 
Magnetic Mfg. Co.674 

MAGNETS—Launder 
Dings Magnetic Separator Co.... 673 

MAGNETS—Safety 
Dings Magnetic Separator Co.... 673 
Magnetic Mfg. Co.674 

MANDRELS 


(See Mine and Mill Supplies) 
MANILA ROPE 

(See Rope and Cordage, Manila and 
Sisal) 

MARKING PINS 
(See Instruments, Surveying) 


MASKS—Ammonia 
Mine Safety Appliances Co.780 

MASKS—Carbon Monoxide 
Mine Safety Appliances Co .781 

MASKS—Combination Gas and 
Smoke 

Mine Safety Appliances Co.782 

MASKS—Gas 

Mine Safety Appliances Co.780 

Safety First Supply Co.787 

MASKS—Welding 

American Steel & Wire Co.335 

MATERIALS—Insulating 
(See Insulating Materials) 

MATS—Cocoa 

Filter Fabrics^ Co....707 

Hendy, Jbshua, Iron Works.529 

MATS—Rubber 

Quaker City Rubber Co.668 


MECHANICAL DRAFT APPARA¬ 
TUS 

(See Blowers—Mechanical Draft) 

MECHANICAL RUBBER GOODS 
(See also Mine and Mill Supplies) 


Colonial Supply Co.830 

Goodrich, B. F. Rubber Co., The... 


303, 662, 663, 664, 665, 666, 794, 795 


•itriiikins jorus. m . o '*, j.ou 

New York Belting & Packing Co. 

.304, 667 

Quaker City Rubber Co.668 

United States Rubber Co... .305, 669 

METAL—Acid-Resisting 

Colonial Supply Co.832 

International Nickel Co.819 

METAL—Asbestos Protected 
Davidson, O. H. Equipment Co_354 


METAL—Babbitt 
(See Babbitt Metal) 

METAL—Brass, Copper, Zinc, Monel, 
Aluminum (Perforated) 

Nortmann-Duffke Company.646 

METAL—Iron and Steel (Perforated) 
(See also Screens, Perforated Metal) 

Allis-(jhalmers Mfg. Co..620 

Harrington & King Perforating 

Co., The .644 

Hendrick Manufacturing Co.645 

Nortmann-Duffke Co.646 

Pettibone Mulliken Co.636 

Wickwire Spencer Steel Corp....430 

METAL—Monel 

International Nickel Co.819 


M ET AL—N on-Corrosi ve 
International Nickel Co.819 

METALLURGISTS 
(See Engineers, Metallurgical) 

METERS—Air and Gas 
General Electric Co.240 

METERS—Current 
Buff & Buff Mfg. Co. 80 

METERS—Electric Current 


(See Ammeters, Voltmeters, Watt¬ 
meters) 

(See also Electrical Supplies) 
METERS—Steam Flow 


General Electric Co.240 

METERS—Water 

General Electric Co.240 


MICA AND MICA PRODUCTS 
(See also Electrical Supplies) 
Westinghouse Elec. & Mfg. Co...248 

MILLBOARD—Asbestos 
Asbestos, Shingle, Slate & Sheath¬ 
ing Co.121 

MILL EQUIPMENT 
(See Item Wanted) 

p MILL SUPPLIES 
(See Mine and Mill Supplies) 

MILLING MACHINES 
(See also Shop Machinery) 
Ryerson, Jos. T. & Son.122 

MILLS—Ball and Rod 

Allis-Chalmers Mfg. Co.620 

Braun Corporation, The.627 

Chalmers & Williams, Inc.621 

Colorado Iron Works Co.638, 706 

Denver Engineering Works Co...400 

Hardinge Company.628, 629 

Hendy, Joshua, Iron Works.631 

Mine and Smelter Supply 0^0.632, 633 

Steams-Roger Mfg. Co .738 

Worthington Pump and Machinery 
Corp.626 

MILLS—Ball and Tube (New and 
Used) 

Morse Bros. Machinery & Supply 
Co.820 

MILLS—Centrifugal 
Hendy, Joshua, Iron Works.630 

MILLS—Chilean 

Chalmers & Williams, Inc.621 

MILLS—Combination Crushing and 
Screening 

Allis-Chalmers Mfg. Co.620 

MILLS—Huntington 
Chalmers & Williams, Inc.621 

MILLS—Pebble and Tube 

Allis-Chalmers Mfg. Co.620 

Chalmers & Williams, Inc.621 

Colorado Iron Works Co.638 

Hardinge Company.628,. 629 

Hendy, Joshua, Iron Works.631 

Worthington Pump and Machinery 
Corp.626 

MILLS—Roller 

Gruendler Patent Crusher & Pul¬ 
verizer Co.624 

Stroud, E. H. & Co.742 

MILLS—Stamp 

Allis-Chalmers Mfg. Co.620 

Chalmers & Williams, Inc.621 

Hendy, Joshua, Iron Works.630 

Worthington Pump and Machinery 
Corp.626 

MINE BUILDINGS (Steel) 

(See also Buildings—Mine and Mill) 
Wisconsin Bridge & Iron Co.123 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 
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MINE CAR AXLES 
(See Axles, Mine Car) 


MINE CAR HITCHINGS 
(See Hitchings) 

MINE CAR IRONS 
(See Car Irons) 

MINE CAR LUBRICANTS 
(See Grease, Mine Car) 

MINE CAR OILERS 
(See Oilers, Mine Car) 

MINE CAR TRUCKS 
(See Trucks, Mine Car) 

MINE CAR WHEELS 
(See Wheels, Mine Car) 

MINE CARS 
(See Cars—Mine) 

MINE CARS—New and Used 
(See Cars, New and Used) 

MINE HANGERS 
(See Hangers, Trolley Wire) 

MINE RESCUE APPARATUS 
(See Rescue Apparatus, ^ine) 

MINE TELEPHONES 
(See Telephones, Mine) 


MINE AND MILL SUPPLIES 
(Items embraced in this classification 
are listed below the names of firms) 

Colonial Supply Co.830, 831, 832 

Mine and Smelter Supply Co.632, 633 
Salt Lake Hardware Co.277, 821 

Abrasives Breast Drills 

Adzes Brooms 

Anvils Brushes 

Augers—All Kinds Buckets—Elevator 
Awls Buckets—Grease 

Axes—Miners’ Buckets—Water 

Anemometers Builder’s Supplies 

Anchors, Guy Burners—All Kinds 

Arbors Bushings 

Asbestos Products Cabinets—First Aid 
and Materials Cables 
Axles Cadgers 

Babbitt Metal Calipers 

Barrows—All Kinds Calking Tools 
Bars—Iron and Candles 

Steel Cans—Oil and 

Bars—Jimmy and Waste 

Pinch Caps—Miners’ 

Batteries—Dry Carbide 
and Wet Car Movers and 

Bellows Pushers 

Bells Carpenters’ Tools 

Belting—All Kinds Cars 
Belt Dressing Carts 

Belt Lacing Castings 

Belt Tighteners Cement 
Benders—Rail Cement—Refrac- 

Bibbs—Compres- tory 

Sion Chain 

Bit Boxes Chalk and Crayon 

Bit Steel Checks—Brass 

Bits—Mining Ma- Chemicals 

chine Chisels—All Kinds 

Black Powder Chucks 

Blacksmiths’ Sup- Clamps—All Kinds 
plies Cleaners—Flue 

Blades—Hack Saw Clevises 
Blankets Clips—All Kinds 

Blasting Machines Clocks 
Blasting Powder Clutches and Coup- 

Blasting Supplies lings 

Blocks—Pulley Cocks 
Blocks and Tackle Coke Oven Supplies 
Blowers—Forge Coke Scraper 
Blow Torches Heads 

Boilermakers’ Tools Collars—Horse and 
Boilers Mule 

Boiler Trimmings Collars—Shaft 
Boiler Tubes Combs—Curry 

Boiler Tube Ex- Compound—Boiler 

panders Concrete Mixers 

Bolt Cutters and Contractors’ Sup- 
Clippers plies 

Bolts and Nuts Conveyors—Belt 
Bolts—Expansion Coppers—Solder- 
Bolts—Eye Ing 

Bolts—Stay Cord and Cordage 

Brackets—All Kinds Cots 
Brake Linings Cotters and Cotter 

Brass Goods Pins 

Brattice Cloth Couplings—Hose 


Couplings—^Plpe 
Couplings—Shaft 
Coverings—Boiler 
and Pipe 
Cranes—Shop 
Cups—Grease and 
Oil 

Cutters—Belt Lace 
Cutters—Tube and 
Pipe 

Cutting and Thread¬ 
ing Machines 
Detonators 
Discs—Valve 
Dressing—Belt and 
Cable 

Drills—All Kinds 
Drills—Miners’ 

Post, Ratchet 
and Hand 
Drills—Shop and 
Twist 

Drill Presses 
Dryers—Sand 
Duck 
Dynamite 
Ejectors 

Electrical Supplies 
Emery 

Emery Cloth and 
Paper 

Emery Wheels 
Engineer’s Supplies 
Engines—Steam 
and Oil 

Expanders—Tube 
Explosives 
Extinguishers— 
Fire 

Fans—Desk and 
Mine 

Farriers’ Tools 
Fasteners—Belt 
Fencings—Wire 
Ferrules 

Figures and Letters 
—Steel 
Files 

Filters—Oil 
Fire Alarms 
Fire Extinguishers 
Fire Pails 
First Aid Supplies 
Fittings—Boiler 
and Engine 
Fittings—Pipe 
Flanges—All Kinds 
Flasks—Carbide 
Flasks—Powder 
Flue Cleaners and 
Scrapers 
Forges 
Forgings 
Forks—Coke 
Foundry Supplies 
Furnaces 
Fuses 

Fusible Plugs 
Galvanized Ware 
Gaskets and Gasket 
Tubing 
Gas Supplies 
Gauges—All Kinds 
Gauge Cocks 
Gauge Glasses 
Gimlets 
Glass 

Globes—Lamp and 
Lantern 

Gloves—Rubber 
and Canvas 
Glue 
Gongs 

Governors—Engine 
Graphite—Boiler 
Graphite—Lubri¬ 
cating 

Greases—All Kinds 
Grease Cups 
Grease Guns 
Grinders 
Grindstones 
Guards—Safety 
Hack Saws and 
Blades 

Hammers—All 
Kinds 

Handles—Tool 
Hangers—Pipe and 
Shaft 
Hardware 
Harness Supplies 
Hatchets 
Headlights 
Heaters 
Hinges 

Hitchings—Mine 
Car 

Hoists—Chain 
(Shop) 

Hooks 

Hose—All Kinds 
Hose Couplings 
Hose Racks 


Hydrants 

Indicators—Engine 

Injectors 

Inspirators 

Insulating Material 

Iron Bars 

Jacks—All Kinds 

Joints—Expansion 

Joints—Pipe 

Kettles 

Keys 

Knives 

Ladders 

Ladles 

Lamps—Carbide 
and Oil 

Lamps—Carbon 
and Mazda 
Lanterns 
Latches 
Lathes 
Lathe Tools 
Lead—Pig and 
Sheet 

Leather—^Hy¬ 
draulic 

Leather—Lace 
Leather Packings 
Levels 

Linemen’s Tools 
Locks 

Lubricants—All 
Kinds 

Lubricators—All 
Kinds 
Lumber 

Machinery—Wood¬ 
working 

Machinists' Tools 
and Supplies 
Mandrels 
Masons’ Tools 
Matting—Rubber 
Mattocks 
Mauls—Spike 
Mechanical Rubber 
Goods 

Metal—Bearing 
Metal Polish 
Meters 
Mica 

Miners’ Tools and 
Supplies 
Motors 
Nails 

Needles—Tamping 
Nipples—Pipe 
Nozzles 

Nuts and Bolts 
Oakum 

Oils—All Kinds 
Oilers—All Kinds 
Packing—Ail Kinds 
Pails and Buckets 
Paints—All Kind^ 
Paper—Blasting 
Paper—Building 
and Roofing 
Picks—All Kinds 
Pillow Blocks 
Pipe—Cast Iron, 
Steel, Iron, Brass 
and Lead 
Pipe—Fibre 
Pipe Fittings 
Pipe Threading 
Tools 

Plates—Steel and 
Iron 
Pliers 

Plumbing Fixtures 
and Supplies 
Portable Cranes 
Pots, Glue 
Powder Flasks 
Power Transmis¬ 
sion Machinery 
and Supplies 
Pulleys—All Kinds 
Pumps—Force 
Pumps—New and 
Rebuilt 

Pumps—Power 
Pumps—Steam Jet 
Puncher Picks 
Punches—All Kinds 
Rags—Wiping 
Rail Benders 
Railroad Supplies 
Ratchets 
Rawhide 
Reamers 
Reels—Hose 
Regulators—All 
Kinds 
Resin 
Revolution 
Counters 

Riddles—Foundry 
Rivets 

Rollers—Wood and 
Cast Iron 

Roofing and Siding 
—All Kinds 


Hope—All Kinds 
Rope Accessories— 
Wire 
Rosin 

Rubber Goods 
Rules—Mechanics’ 
Safety First 
Supplies 
Safety Fuse 
Salamanders 
Sand Paper 
Saws—All Kinds 
Scales—Engineers’ 
Scales—Platform 
Scoops 

Scraper Heads— 
Coke 
Scrapers 
Screw Plates 
Screws—All Kinds 
Screws—Jack 
Separators—Oil, 
Steam and Water 
Shackles 
Shafting and 
Appurtenances 
Sheaves 
Sheet Gum 
Sheets—Steel 
Shoes—Horse and 
Mule 

Shop Machinery 

Shovels 

Signals 

Signs—Danger and 
Safety 
Sisal 
Sledges 
Solder 

Soldering Irons 
Spikes 

Spike Pullers 
Spike Bars 
Squibs 

Stable Fittings 
Steam Fitters’ Tools 
Steam Gauges 
Steam Specialties 
Steel for Rock Drills 
Stencils 

Stocks and Dies 
Stoves—Sand 
Drying 
Stretchers 
Stucco Machines 
Supplies—Builders 
Supplies— 
Contractors 


Surveying Instru¬ 
ments 
Switches 
Tackles 
Tamping Tools 
Tanks—Steel and 
Wood 

Tapes—Friction 
^ and Insulating 
l^apes—Steel 
Taps and Dies 
Thermometers 
Tents 
Tin—Block 
Tinners’ Tools 
Tinware 
Tongs— 

Blacksmiths’ 
Tools—High Speed 
Tools—Shop 
Tools—Threading 
Tools—Track 
Torches 

Track Accessories 
T raps—S team 
Trolleys 
Trucks—Hand 
Trucks—Shop 
Tubing—Brass, 
Copper and Steel 
Turnbuckles 
Twine 

Unions—Pipe 
Valves and Cocks 
Valves—Coke Oven 
Valves—Pump 
Valves and Fittings 
Vises—All Kinds 
Washers 

Waste—Cotton and 
Wool 

Water Softening 
and Purifying 
Compounds 
Wedges 
Wheel barrows 
Wheels—Emery 
Whistles—All Kind* 
Wicks—Lamp and 
Torch 

Window Glass 
Wires and Cables— 
^Steel 

Woodworkers’ 

Tools 

Wrenches—All 
Kinds 


MINERS’ CAPS 
(See Caps, Miners’) 

MINERS’ DRILLS 
(See Augers, Miners’ Post, Ratchet 
and Hand) 

(See also Drills) 

MINERS’ TOOLS AND SUPPLIES 
(See also Mine and Mill Supplies) 


Colonial Supply Co.830 

Salt Lake Hardware Co.277, 821 


MINING PLANTS 
(See Industrial Plants) 

MITTENS—Asbestos, Fibre 
(See Gloves) 

MIXERS—Concrete 
(See Concrete Mixers) 

(See also Mine and Mill Supplies) 

MIXERS AND PUG MILLS 


Bartlett, C. O. & Snow Co.734 

Dwight & Lloyd Sintering Co., Inc.738 

MOLDS—Bullion 

Hendy, Joshua, Iron Works.629 

MONEL METAL 

International Nickel Co.819 

MONITORS—Fire 

Hendy, Joshua, Iron Works.528 

MORTARS—Stamp Mill (Sectional- 
ized) 

Hendy, Joshua, Iron Works.630 


MOTOR CONTROL FOR ALL 
CLASSES OF EQUIPMENT 
(See Controllers) 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 
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MOTOR DRIVES 
(See Drives, Chain) 

(See Drives, Rope) 

(See Drives, Turbo and Reduction 
Gear) 

(See Drives, Worm Gear) 
MOTOR-GENERATOR SETS 


Allis-Chalmers Mfg. Co...169 

General Electric Co.240 


Pittsburgh Mining Machinery Co.. 810 
Westinghouse Elec. & Mfg. Co...250 

MOTOR-GENERATOR SETS—New 
and Rebuilt 

Gregory Electric Co.276 

MOTOR STARTERS 
(See also Rheostats) 

(See also Controllers) 
Cutler-Hammer Mfg. Co., The.258, 259 

General Electric Co.240 

Westinghouse Elec. & Mfg. Co...255 

MOTORS—Aerial Tramway and 
Cableway 

(See also Motors and Generators) 
Davidson, O. H. Equipment Co...354 

General Electric Co.245 

Salt Lake Hardware Co.277 

Westinghouse Elec. & Mfg. Co... 255 

MOTORS—Air 

Chicago Pneumatic Tool Co.809 

MOTORS—Air Compressor 
(See also Motors and Generators) 

General Electric Co.244 

Salt Lake Hardware Co.277, 821 

Westinghouse Elec. & Mfg. Co...253 

MOTORS—Crane 
(See also Motors and Generators) 

General Electric Co.244 

Westinghouse Elec. & Mfg. Co... 
.253, 254 

MOTORS—Dredge 
(See also Motors and Generators) 
Davidson, O. H. Equipment Co... 354 


General Electric Co.244 

Salt Lake Hardware Co.277 


Westinghouse Elec. & Mfg. Co.. .255 

MOTORS—Fan Service 
(See also Motors and Generators) 


Davidson, O. H. Equipment Co... 354 

General Electric Co.242 

Salt Lake Hardware Co.277 

Westinghouse Elec. & Mfg. Co...253 

MOTORS—Fractional H. P. 

General Electric Co.246 

Westinghouse Elec. & Mfg. Co...254 


MOTORS—Hoist 
(See also Motors and Generators) 
Davidson, O. H. Equipment Co... 354 


General Electric Co.243 

Salt Lake Hardware Co.277, 821 


Westinghouse Elec. & Mfg. Co .. .254 

MOTORS—Mill and Shop 
(See also Motors and Generators) 
Davidson, O. H. Equipment Co... .354 


General Electric Co .244, 246 

Salt Lake Hardware Co.277 


Westinghouse Elec. & Mfg. Co...252 

MOTORS—^Pump Service 
(See also Motors and Generators) 
Davidson, O. H. Equipment Co... 354 

General Electric Co.242, 245 

Salt Lake Hardware Co...,.277 

Westinghouse Elec. & Mfg. (Do...254 

MOTORS AND GENERATORS 
(See also Electrical Supplies) 

Allis-Chalmers Mfg. Co.169 

Davidson, O. H. Equipment Co...354 


General Electric 0>. 

.240, 241, 242, 243, 244, 245 

Pittsburgh Mining Machinery Co.810 

Salt Lake Hardware Co .277, 821 

Westinghouse Elec. & Mfg. Co... 
.249, 250, 253, 254, 255 

MOTORS AND GENERATORS—New 
and Used 

Gregory Electric Co ..276 

Morse Bros. Machinery & Supply 
Co., The .820 

MOULDED GOODS—Rubber 
(See Mechanical Rubber Goods) 

MOUNTINGS—Column and Tripod 
(For Rock Drills) 

(See Drill Columns and Mountings) 

MUFFLES—Fire Clay 
Mine and Smelter Supply Co.632 

MULE STANDS 

Jones, W. A. Foundry & Machine 

Co.226 

Medart Co., Ilie.213 

NEEDLES—^Tamping 
(See Miners’ Tools and Supplies) 

NETTING WIRE 

Wickwire Spencer Steel Corp.430 

NEW AND USED MACHINERY 
(See Machinery, Bought, Sold and Ex¬ 
changed) 

(See also Item Wanted) 
NICKEL—Malleable 


International Nickel Co.819 

NICKEL—MetalUc 
International Nickel Co.819 


NIPPLES 

(See also Pipe and Valve Fittings, 
Metal) 

(See also Mine and Mill Supplies) 


Byers, A. M. Company.826 

Hardsocg Wonder Drill Co.297 

Kelly & Jones Co., The.186, 187 

Knox Mfg. Co.307 


NOZZLES—Fire Hose 
(See Fire Protection Apparatus) 

NUTS AND BOLTS 
(See Mine and Mill Supplies) 


OFFICE RAILINGS 
Wickwire Spencer Steel Corp....430 

OIL—Auto-Tractor Motor 
Ironsides Company, The.431 

OIL—Cylinder, Engine and Com¬ 
pressor 

Standard Oil (Do.541 

OIL—Dynamo 

Standard Oil Co .541 


OIL—Flotation 
(See Flotation Oil) 


OIL—Hardwood 

Cleveland-Cliflfs Iron Co., The....761 
General Naval Stores Co.762 

OIL—Mine Car 
(See Grease, Mine Car) 

OIL—^Pine 

General Naval Stores Co.762 

Hercules Powder Co.763 

Southwestern Engineering Co....759 

OIL^—Pine Tar 

General Naval Stores Co.762 

OIL—Refined Tar 

General Naval Stores Co.762 

OIL—^Turbine 

Standard Oil Co.541 


OILERS—^Mine Car 
(See also Mine and Mill Supplies) 

Ironsides Company, The.431 

Wolf Safety Lamp Co. of America.485 

OILERS—Shop and Machinery 
(See Mine and Mill Supplies) 

OILERS—Throttie 
Knox Manufacturing Co. 

OIL CANS 
(See Cans, Oil) 

OIL CUPS 
(See Cups, Grease) 

(See also Mine and Mill Supplies) 

•OIL FILTERS 
(See Filters, Oil) 

OIL SEPARATORS 
(See Separators, Oil) 

ORE BEDDING SYSTEM 
Robins Conveyor Belt Co.658 

ORE DRYERS 
(See Dryers, Ore) 

ORE HANDLING MACHINERY 
(See item wanted) 

ORE PREPARATION MACHINERY 
(See item wanted) 

ORE SAMPLERS 
(See Samplers Ore) 

ORE TESTING 

Groch Centrifugal Flotation Co..758 

OVERWINDING PREVENTION 
DEVICES 

Duro Metal Products Co.412, 413 

OXY-ACETYLENE CUTTING AND 
WELDING APPARATUS 
(See Welding and Cutting Appara¬ 
tus, Oxy-acetylene) 

OXYGEN—In Cylinders (For Metal 
Welding and Cutting) 

Linde Air Products Co., The.814 

PACKETS—First Aid 
(See First Aid Packets) 

PACKlNCi—Compressed Air and 
Steam 

(See also Mine and Mill Supplies) 

Ckilonial Supply Co.832 

Goodrich, B. F. Rubber Co., The. 

.190, 191 

Greene, Tweed & Co .189 

New York Belting & Packing Co.667 

Quaker City Rubber Co.668 

United States Rubber (Do... .305, 669 

PACKING—HydrauUc 
(See also Mine and Mill Supplies) 

Colonial Supply Co.830, 831, 832 

Goodrich, B. F. Rubber (Do., The. .191 

Greene, Tweed & Co.189 

New York Belting & Packing Co. 

.304, 667 

United States Rubber Co...305, 669 

PACKING—Leather 
(See Mine and Mill Supplies) 

PACKING—Rod and Valve 
(See also Packing, Hydraulic and 


Steam) 

(Dolonial Supply Co.832 

Goodrich, B. F. Rubber (Do., The. .191 

Greene, Tweed & Co.189 

New York Belting & Packing Co. 

.304, 667 

Quaker City Rubber Co . .668 

United States Rubber (Do... .305, 669 
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PACKING—Sheet 
(See also Mine and Mill Supplies) 
Goodrich, B. F. Rubber Co., The.. 190 

Jenkins Bros.184, 185 

New York Belting & Packing Co. 

.304, 667 

Quaker City Rubber Co.668 

United States Rubber Co... 305, 669 

PADDLES—Pug Mill 
American Abrasive Metals Co...739 

PAILS—Dinner 

(See also Mine and Mill Supplies) 
Grier Brothers Co.482 

PAILS—Sanitary 
(See also Mine and Mill Supplies) 
Justrite Mfg. Co.483 

PAINTS—Boiler, Stack and Metal 
Filter Fabrics Co.707 

PAINTS—Brick, Cement and Con¬ 
crete 

Filter Fabrics Co.707 

PAINTS—Metal Protective 
(See Paints For Boilers, Stacks and 
Metals) 

PAINTS—Preservative 

Filter Fabrics Co.707 

Ironsides Company, The.431 

PAINTS AND CEMENT—Roofing 
Filter Fabrics Co.707 

PAINTS AND VARNISHES—Insu¬ 
lating 

(See Electrical Supplies) 
PANELS 

(See Switchboards and Panels) 


PANS—Berdan 

Hendy, Joshua, Iron Works.631 

PANS—Clean-Up 

Hendy, Joshua, Iron Works.631 

PANS—Conveyor 
(See Conveyors) 

PANS—Drying 

National Tank & Pipe Co.713 

PAPER—Blasting 


(See Blasting Supplies) 

PAPER—Insulation 
(See Insulating Materials) 

PEDESTAL PUNCHING 
MACHINES 

(See Hole Punching Machines) 
PENSTOCKS 

Hendy, Joshua, Iron Works.529 

PERFORATED METALS 
(See Metals, Perforated) 

PERFORATED METAL SCREENS 
. (See Screens, Perforated Metal) 

PERMISSIBLE EXPLOSIVES 
(See Explosives, Permissible) 

PICKING TABLES 
(See Tables, Picking) 

PICKS—Miners’ 

(See also Miners’ Tools and Supplies) 
(See also Mine and Mill Supplies) 


Sait Lake Hardware Co.277, 821 

PILE DRIVERS 

Industrial Works.498 


PILLOW BLOCKS 
(See also Mine and Mill Supplies) 
(See also Power Transmission Ma¬ 
chinery and Supplies) 

Colonial Supply Co.831 

Dodge Sales & Engineering Co.. .210 


Jones, W. A. Foundry & Machine 


Co.226 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 


PINE OIL 
(See Oil, Pine) 

PINE TAR 
(See Tar, Pine) 

PINIONS 

(See Gears and Pinions) 

PINION S—Locomotive 
(See Gears and Pinions for Locomo¬ 
tives) 

PIN S—Insulator 
(See Electrical Supplies) 

PINS—Marking 
(See Instruments, Surveying) 

PIPE—Brass, Copper and Special 
Alloy 

(See also Mine and Mill Supplies) 
American Brass Company, The...818 

PIPE—Cast Iron 

American Car & Foundry Co 356, 357 
PIPE—Fibre 

Colonial Supply Co.831 

PIPE—Lead 

(See Mine and Mill Supplies) 

PIPE—Steel and Wrought Iron 
(See also Mine and Mill Supplies) 

American Spiral Pipe Works.525 

Byers, A. M. Company.826 

Colonial Supply Co.831 

Crane Company.182, 183 

PIPE—Steel Riveted 

American Spiral Pipe Works.525 

Hendrick Manufacturing Co.645 

Hendy, Joshua, Iron Works_..529 

Weller Manufacturing Co...660, 661 

PIPE—Wood 

Colonial Supply Co.831 

Continental Pipe Mfg. Co.526 

PIPE—Wood, Redwood Lumber For 

Pacific Lumber Co., The.527 

PIPE AND BENDS—Fabricated 
(See also Header Lines) 

Crane Company.182, 183 

PIPE AND FITTINGS—Lead Lined 
United Lead Company.710, 711 

PIPE CUTTING AND THREADING 
MACHINES 
(See Shop Machinery) 

(See Mine and Mill Supplies) 

PIPE FITTINGS 
(See Fittings, Pipe) 

PIPE SUPPORTS—Hangers and 
Braces 

Crane Company.182, 183 

PLANERS 

(See also Shop Machinery) 
Ryerson, Jos. T. & Son.122 

PLANE TABLES 

Gurley, W. & L. E. 81 

PLANTS—Filtration 
(See Filtration Plants) 


PLATES—Chute 

American Brass Company, The.. .818 
Pettibone Mulliken Co.636 

PLATES—Crusher Jaw 
Pettibone Mulliken Co.636 

PLATES—Floor (Anti-Slip) 

American Abrasive Metal Co.739 

Ryerson, Jos. T. & Son.122 


PLATES—Screen (Blank) 
American Brass Company, The..818 
Pettibone Mulliken Co.636 

PLATES AND SHEETS—Steel 

Hendrick Manufacturing Co.645 

Ryerson, Jos. T. & Son.122 

PLAYGROUND APPARATUS 

Mine Safety Appliances Co.784 

Safety First Supply Co.786, 787 

PLIERS—Rubber Insulated ^ 
Rubber Insulated Metals Corp_278 

PLUMB BOBS 

Buff & Buff Mfg. Co. 80 

PLUMBING FIXTURES AND SUP¬ 
PLIES 

(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Crane Company.182, 183 

PLUMMET LAMPS 
(See Lamps, Plummet) 

PLUNGER SHIELD 
(See Grease, Plunger) 

PNEUMATIC TOOLS 
(See Tools, Pneumatic) 

POLE HEADS—Trolley 
Nuttall, R. D. Company.218 

PORTABLE CRANES 
(See Cranes) 

(See Mine and Mill Supplies) 

PORTABLE TRACK 
(See Track, Portable) 

PORTALITES 

Safety First Supply Co.786, 787 

POST PULLERS 

Safety First Supply Co.786, 787 

POTASH—Caustic 
Roessler & Hasslacher Chemical 
Co.764 

POTS—Slag 

Allis-Chalmers Mfg. Co.740 

Steams-Roger Mfg. Co.738 

Worthington Pump & Machinery 
Corp.741 

POWDER—Blasting 
(See Explosives) 

POWDER—Heat Insulating 
Celite Products Co.156 

POWDER—Permissible 
(See Explosives, Permissible) 

POWDER FLASKS 
(See Blasting Supplies) 

(See also Mine and Mill Supplies) 

POWDERED COAL EQUIPMENT 


Hardinge Company.628, 629 

Stroud, E. H. & Co.742 


POWER HAMMERS 
(See Hammers, Power) 

POWER PIPING 
(See Header Lines) 

POWER PLANT EQUIPMENT 
(See item wanted) 

POWER PLANT SPECIALTIES 
(See Steam Specialties) 

POWER PLANTS—Designed and 
Constructed 

(See also Engineers, Consulting, Con¬ 
tracting and Constructing) 

■n___ mi. _ 


Foundation Company, The. 82 

Hunt, Robt. W. & Co. 83 

Wisconsin Bridge & Iron Co.123 
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POWER TRANSMISSION—For Mo¬ 
tor Trucks 

Howe Fire Apparatus Co.793 

POWER TRANSMISSION MA- 
CHINERY AND SUPPLIES 

Allis-Chalmers Mfg. Co.168, 169 

Caldwell, W. E. Co.712 

Card, C. S. Iron Works Co.371 

Cleveland Worm & Gear Co.220 

Colonial Supply Co.831 

Dodge Sales & Engineering Co... 

.178, 210, 211, 212, 650, 651 

Falk Corporation, The.215, 221 

Fawcus Machine Co...216 

Foote Bros. Gear & Machine Co. .222 

Ganschow, William Company.223 

Jones, W. A. Foundry & Machine 

Co.226 

Link-Belt Co..208, 499, 653, 654, 655 

Medart Company, The.213 

Morse Chain Co.209 

Niles-Bement-Pond Co.217 

Nuttall, R. D. Co.218 

Pettibone Mulliken Co.636 

Poole Engineering & Machinery 

Co., The.224, 225 

Rubber Insulated Metals Corp.... 278 

Smith & Serrell.214 

Stearns-Roger Mfg. Co.738 

Tool Steel Gear & Pinion Co....219 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

PRECIPITATION EQUIPMENT— 
Electrical 

General Electric Co.245 

Westinghouse Elec. & Mfg. Co.. .250 

PREHEATERS—For Welding 
Hauck Manufacturing Co.811 

PRESERVATIVE—Wood or Other 
Material 

(See also Creosote) 

(See also Paints) 

Cabot, Samuel, Inc.119 

Filter Fabrics Co.....707 

Roessler & Hasslacher Chemical 
Co.764 

PRODUCTS—Hard Lead 
United Lead Co.710, 711 

PRODUCTS—Lead Covered 
United Lead Co.710, 711 

PROSPECTING 

Hunt, Robt. W. & Co. 83 

PROSPECTING DRILLING MA¬ 
CHINES 

(See Drills, Prospecting) 

PROTECTORS—Crusher 
Dingrs Magnetic Separator Co.... 673 

PROTECTORS—Flame (For Carbide 
Lamps) 

(See also Carbide Lamp Supplies and 
Parts) 

Justrite Manufacturing Co.483 

PROTRACTORS 
(See Instruments, Engineering) 

PULLEY CLUTCHES 
(See Clutches, Friction) 

PULLEY STANDS 

Wisconsin Bridge & Iron Co.123 

PULLEYS—Belt Conveyor 
(See Rolls, Conveyor) 

PULLEYS—Iron, Steel and Wood 
(See also Mine and Mill Supplies) 

Colonial Supply Co.831 

Dod^e Sales & Engineering Co.. .211 
Jones, W. A. Foundry & Machine 
Co.226 


Link-Belt Company.655 

Medart Co., The.213 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

PULLEYS—Magnetic 

Buchanan, C. G. Co., Inc.622, 623 

Cutler-Hammer Mfg. Co.,-258, 259 

Dings Magnetic Separator Co...673 
Magnetic Manufacturing Co.674 

PULLEYS—Rubber Faced 
Rubber Insulated Metals Corp... .278 

PULVERIZERS 

(See also Crushers) 

Bartlett, C. O. & Snow Co.734 

Gruendler Patent Crusher & Pulv. 

Co.624 

Jeffrey Mfg. Co., The.656 

Mine & Smelter Supply Co.771 

Stroud, E. H. & Co.742 

Weller Mfg. Co.660, 661 

Williams Patent Crusher & Pulv. 

Co.625 

PULVERIZERS—Laboratory 

Braun-Knecht-Heimann Co.770 

Denver Engineering Works Co...400 
Mine & Smelter Supply Co.771 

PUMP RODS (Wood) 
National Tank & Pipe Co.713 

PUMP VALVES 
(See Valves, Pump) 

PUMPING SYSTEMS—Air Lift 

(See Pumps, Air Lift) 

PUMPS—Acid-Resisting 
(Wood, Rubber, Cement, Lead or 
Bronze Lined) 

Aldrich Pump Company, The. .452, 453 

Allis-Chalmers Mfg. Co.454 

Davidson, 0. H. Equipment Co...354 
Jackson, Byron Iron Works, Inc... 

.460, 461 

Morris Machine Works.462 

United Lead Co.710, 711 

PUMPS—Acids and Chemicals 
(See also Pumps, Acid Resisting) 
American Well Works, The.451 

PUMPS—Air (For Condensers) 

Allis-Chalmers Mfg. Co.454 

Ingersoll-Rand Co. 170 

Worthington Pump and Machinery 

Corp. 

PUMPS—Air Lift 

Ingersoll-Rand Co.459 

Sullivan MachineryCo.175 

PUMPS—Boiler Feed 

Allis-Chalmers Mfg. Co.454 

American Well Works, The.451 

Aurora Pump & Mfg. Co.455 

De Laval Steam Turbine Co.162 

Ingersoll-Rand Co .172 

Morris Machine Works.. .462 

Worthington Pump & Machinery 
Corp. 

PUMPS—Centrifugal, Turbine and 
Volute 

(See also Turbo Pump Sets) 
Allis-Chalrtiers Mfg. Co... .454, 455 

American Well Works, The.451 

Aurora Pump & Mfg. Co.455 

De Laval Steam Turbine Co.162 

Ingersoll-Rand Co.458, 459 

Jackson, Byron Iron Works, Inc.. 

.460, 461 

Krogh Pump & Machinery Co... .643 

Mine and Smelter Supply Co.632 

Morris Machine Works.462 

Pittsburgh Mining Machinery Co.810 
Worthington Pump and Machinery 
Corp.463 


PUMPS—Circulating 
Worthington Pump and Machinery 
Corp.165 

PUMPS—Deep Well 

American Well Works, The .451 

Aurora Pump & Mfg. Co.455 

Doming Company, The.456, 457 

Ingersoll-Rand Co.46S 

Jackson, Byron Iron Works, Inc 

.460, 461 

Worthington Pump and Machinery 
Corp.165, 166- 

PUMPS—Diaphragm 

Colorado Iron Works Co.706 

Groch Centrifugal Flotation Co.. .75S 

PUMPS—Dredging 
Morris Machine Works.462 

PUMPS—Electric, Mine Station 
Aldrich Pump Company, The.452, 452 

Allis-Chalmers Mfg. Co.454 

American Well Works, The.451 

Aurora Pump & Mfg. Co.456 

Deming Company, The.456, 457 

Ingersoll-Rand Co.458 

Jackson, Byron Iron Works, Inc... 

.460, 461 

Krogh Pump & Machinery Co... .643' 

Morris Machine Works.462 

Salt Lake Hardware Co.277, 821 

Worthington Pump and Machinery 
Corp.463 

PUMPS—Electric, Portable (Mine) 
Aldrich Pump Company, The.. 452, 453 

Davidson, O. H. Equipment Co-354 

Deming (Company, The.456, 467 

Pneumelectric Corp., The.406 

PUMPS—Fire 

Allis-Chalmers Mfg. Co.454 

Ingersoll-Rand Co.458 

Worthington Pump and Machinery 
Corp.463 

PUMPS—Gas and Gasoline 

Howe Fire Apparatus Co.793 

Ingersoll-Rand Co. 458 

PUMPS—Hand 

Deming Company, The.456, 457 

PUMPS—Hard Lead 
United Lead Co.710, 711 

PUMPS—Hot Well 
Worthington Pump and Machinery 
Corp.166 

PUMPS—Hydraulic Sluicing and 
Wash 

Allis-Chalmers Mfg. Co.454 

Worthington Pump and Machinery 
Corp.463 

PUMPS—Inclined Shaft 

American Well Works, The.451 

Jackson, Byron Iron Works, Inc... 
.i....460, 461 

PUMPS—Jacket and CoolingWater 
Allis-Chalmers Mfg. Co.454 

PUMPS—Portable (Outside) 
Howe Fire Apparatus Co.793 

PUMPS—Power 

Aldrich Pump Company, The 452, 453 
Davidson, O. H. Equipment Co...354 

Deming Company, The.456, 457 

Ingersoll-Rand Co.458, 459 

Mine and Smelter Supply Co.632 

Pittsburgh Mining Machinery Co 819 

Pneumelectric Corp, The.406 

Salt Lake Hardware Co.277, 821 

PUMPS—Rotary 

Connersville Blower Co.757 
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PUMPS—Sand, Slime and Tailings 

Allis-Chalmers Co.454 

Bendy, Joshua, Iron Works.631 

Jackson, Byron Iron Works, Inc.. 

.460, 461 

Krogh Pump & Machinery Co... .643 

Mine and Smelter Supply Co.632 

Morris Machine Works.462 

PUMPS—Sinking 

Aldrich Pump Company, The.452, 453 

Allis-Chalmers Mfg. Co.454 

American Well Works, The.451 

Ingersoll-Rand Co.459 

Jackson, Byron Iron Works, Inc... 

.460, 461 

Krogh Pump & Machinery Co... .643 

Salt Lake Hardware Co.821 

Worthington Pump and Machinery 
Corp.463 

PUMPS—Spray 

Allis-Chalmers Mfg. Co.454 

PUMPS^team 

Allis-Chalmers Mfg. Co.454 

Ingersoll-Rand Co.458, 459 

Mine and Smelter Supply Co.632 

Worthington Pump and Machinery 
Corp.463 

PUMPS—Steam Jet 

Ingersoll-Rand Co.170 

Worthington Pump and Machinery 
Corp.165 

PUMPS—Vacuum 

Bury Compressor Co.173 

Chicago Pneumatic Tool Co.174 

ConnersYille Blower Co.757 

Ingersoll-Rand Co.170 

Sullivan Machinery Co.175 

Worthington Pump and Machinery 
Corp.166 

PUMPS—Valveless 

Connersville Blower Co.757 

Mine and Smelter Supply Co.632 

PUMPS—Water Works 
Aldrich Pump Company, The.452, 453 

Allis-Chalmers Mfg. Co.454 

Jackson, Byron Iron Works, Inc.. 

.460, 461 

Worthington Pump and Machinery 
Corp.167 

PUMPS—All Kinds (New and Used) 

Howe Fire Apparatus Co.793 

Kleinhans, H. Co.502 

Morse Bros. Machinery & Supply 
Co.820 

PUNCHES—Shank and Bit 
Ingersoll-Rand Co.300 

QUARRY MACHINERY 

Ingersoll-Rand Co.298 

Jeffrey Mfg. Co., The.332 

McLanahan-Stone Machine Co-492 

Sullivan Machinery Co.301 

Webster Mfg. Co.659 

QUICKSILVER 

Hendy, Joshua, Iron Works.529 

RABBLE BLADES 
American Abrasive Metals Co... .739 

RACKS—Machine 

Foote Bros. Gear & Machine Co. .222 

RACKS—Steel (For Supply Houses) 
Durand Steel Locker Co.790, 791 

RADIO APPARATUS 
Westinghouse Elec. & Mfg. Co... .248 

RAIL BENDERS 
(See also Mine and Mill Supplies) 

Aldon Company, The.355 

American Mine Door Co., The-352 

Card, C. S. Iron Works Co., The. .371 


Colonial Supply Co... 
Foster, L. B. Co., Inc... 
Pettibone Mulliken Co. 


RAIL BONDS 
(See Bonds, Rail) 

RAIL BRACES 
(See Braces, Rail) 

RAIL FASTENINGS 
(See Track Accessories) 

RAIL JOINTS 
(See Track Accessories) 

RAIL SAWS 
(See Saws—Rail) 

RAIL SPLICES 
(See Track Accessories) 

RAIL TONGS 
(See Track Tools) 

RAILINGS—Pipe 

Wickwire Spencer Steel Corp.430 

RAILROAD BUILDERS 
Foundation Company, The. 82 


RAILS—Light and Heavy 
Easton Car & Construction Co...359 

Foster, L. B. Co., Inc.374 

Frank, M. K.375 

Hyman-Michaels Company.376 

RAILS—Light and Heavy (Relaying) 

Foster, L. B., Co.....374 

Frank, M. K.375 

Hy man-Michaels Company.376 

Morse Bros. Machinery & Supply 
Co.820 

RAMMERS—Pneumatic 
Chicago Pneumatic Tool Co.808 

RANGE POLES 

(See also Instruments, Surveying) 
Buff & Buff Mfg. Co. 80 

RATCHETS 

(See Mine and Mill Supplies) 

REAMERS 

(See Mine and Mill Supplies) 

(See also Tools, Shop) 

RECEIVERS—Air 

Brownell Co., The.153 

Bury Compressor Co.173 

Chicago Pneumatic Tool Co. .174, 291 

Ingersoll-Rand Co.170 

Worthington Pump and Machinery 
Corp. ..176 

RECIPROCATING FEEDERS 
(See Feeders, Reciprocating) 

RECORDERS—Weight 
Automatic Weighing Machine Co.670 

Merrick Scale Mfg. Co.671 

Schaffer Engineering & Equipment 
Co.672 

RECTIFIERS AND RECTIFYING 
APPARATUS J 

General Electric Co.239 

Westinghouse Elec. & Mfg. Co...248 

REDUCERS 
(See Fittings, Pipe) 

REDUCING VALVES 
(See Valves, Regulating and 
Reducing) 

REDUCTION PLANTS 
National Tank & Pipe Co.713 

REELS—Leading Wire 

(See Blasting Supplies) 

REFILLABLE FUSES 
(See Fuses, Refillable and Renewable) 
(See also Electrical Supplies) 


REFLECTORS—Light 
(See also Electrical Supplies) 

General Electric Co.242 

Westinghouse Elec. & Mfg. (iJo...248 

REFRACTORIES—Boiler and 
Furnace 

Celite Products Co.156 

Quigley Furnace Specialties CJo., 

Inc.157 

REFRIGERATING MACHINERY 
De La Vergne Machine Co.177 

REGISTERS—Water Level 
Gurley, W. & L. E. 81 

REGULATING VALVES 
(See Valves, Regulating and 
Reducing) 

REGULATORS—Air, Steam and 
Water 

(See Steam Specialties) 

REGULATORS—Electrical 
Westinghouse Elec. & Mfg. Co...248 

REGULATORS—Feed Water 
(See Steam Specialties) 

REGULATORS—Furnace 
Westinghouse Elec. & Mfg. Co...248 

REHEATERS 

Chicago Pneumatic Tool Co.174 

Ingersoll-Rand Co.170 

REINFORCEMENT BARS 
(See Bars, Reinforcing) 

REPAIR PARTS FOR 
LOCOMOTIVES 

(See Locomotives—^Various Types) 

REPAIRING AND REBUILDING 
MACHINERY 
(See Repairs, Machinery) 

REPAIRS—Electrical 
Pittsburgh Mining Machinery Co.810 

REPAIRS—Engineering Instruments 
Buff & Buff Mfg. Co.80 

REPAIRS—Machinery (All Kinds) 
(See also Repairs, Electrical) 
Jones, W. A. Foundry & Machine 

Co.226 

Lobdell Car Wheel Co.364 

Pittsburgh Mining Machinery Co.810 

REPLACERS—Car 
(See Car Replacers) 

REPORTS—Engineering 
Hunt, Robert W. & Co. 83 

RESCREENING PLANTS 

Card, C. S. Iron Works Co.371 

Wisconsin Bridge & Iron Co.123 

RESCUE APPARATUS—Mine 

Mine Safety Appliances Co. 

.780, 781, 782 

Safety First Supply (3o... ..786, 787 

RESISTORS 

Westinghouse Elec. & Mfg. Co...248 
RESPIRATORS 

Mine Safety Appliances Co.782 

Safety First Supply Co.786, 787 

RESUSCITATING APPARATUS 

Mine Safety Appliances Co.. 

.^.780, 781, 782 

RETARDERS—Car 
(See Car Retarders) 

RETARDING CONVEYORS 
(See Conveyors, Retarding) 

RETORTS—Quicksilver 
Hendy, Joshua, Iron Works.630 

RHEOSTATS—Battery Charging 

(See Electrical Supplies) 
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RHEOSTATS—Liquid Control 
(See also Controllers, Electric) 
Cutler-Hammer Mfg. Co., The... 

^.258, 269 

General Electric Co.239 

Westinghouse Elec. & Mfg. Co.. .257 

RHEOSTATS—^Magnetic Control 
(See also Controllers, Electric) 

General Electric Co.240 

Westinghouse Elec. & Mfg. Co... 
.256, 257 

RHEOSTATS—Motor Starting 
(See also Electrical Supplies ) 
CJutler-Hammer Mfg. Co., The... 

.258, 269 

General Electric Co.239 

Westinghouse Elec. & Mfg. Co...256 

RHEOSTATS—Testing Blasting 
Machines 

(See also Blasting Supplies) 

Atlas Powder Co.555 

Du Pont, E. I., De Nemours & Co., 

Inc.558 

Giant Powder Co., Con., The.560 

Grasselli Powder Co....561 

Hercules Powder Co.563 

RIDDLES—Foundry 
Wickwire Spencer Steel Corp....430 

RiDDLES—Wire 
(See also Mine and Mill Supplies) 
Wickwire Spencer Steel Corp....430 

RIDGE ROLL—Zinc 
American Zinc Products Co., The. 120 

RIFFLES—Iron and Steel 
Hendy, Joshua, Iron Works.629 

RINGS—Hydraulic 
(See Packing, Hydraulic) 

RINGS—Mica 
(See Electrical Supplies) 

RIVETED STEEL PIPE 
(See Pipe, Steel, Riveted) 

RIVET HEATERS—Electric 
(See Heaters, Electric Rivet) 

RIVETLESS CHAIN 
(See Chain, Rivetless) 

RIVETS 

(See also Mine and Mill Supplies) 
American Car & Foundry Co.356, 357 
Ryerson, Jos. T. & Son.122 

ROASTERS 

Dwight & Lloyd Sintering Co., Inc 

.736 

General Chemical Co.737 

Pacific Foundry Co.737 

ROCK CARS 
(See Cars, Quarry) 

ROCK DOCKS 
(See Docks, Rock) 

ROCK DRILLS 
(See Drills, Rock) 

rods—C opper, Brass and Bronze 

American Brass Co.818 

Standard Underground Cable Co..271 

RO DS—Grinding 

Colorado Iron Works.638 

Mine and Smelter Supply Co.632, 633 
Scullin Steel Company.637 

rods—N ickel Silver 
American Brass Company, The...818 

roi-ler bearings for mine 

CAR WHEELS 
(See Bearings, Roller) 

rollers—T rough Conveyors 
(See Rolls, Conveyor, Troughing) 


ROLLERS— Wood and Iron 
(See also Mine and Mill Supplies) 

Baker Car Co.358 

Card, C. S. Iron Works Co.371 

Colonial Supply Co.831 

Ottumwa Iron Works.406 

Pettibone Mulliken Co.636 

Roeblings, John A. Sons Co. .426, 427 
Weller Mfg. Co.660, 661 

ROLL SHELLS 

Pettibone Mulliken Co.636 

ROLLS—Conveyor (Combined 
Troughing and Return) 

B. & W. Oil-less Conveyor Co_649 

Dodge Sales & Engineering Co.. .650 
Jeffrey Mfg. Co., The.657 

ROLLS—Conveyor (Flat) 

Dodge Sales & Engineering(]o.... 660 

ROLLS—Conveyor (Troughing) 

B. & W. Oil-less Conveyor Co_649 

Dodge Sales & Engineering Co.. .650 

Jeffrey Mfg. Co., The.657 

Link-Belt Company.653 

ROLLS—Crushing 
(See Crusher Rolls) 

ROLLS—Rubber Covered 
Rubber Insulated Metals Corp.... 278 

ROLLS AND TEETH—Crushing 
(See also Crusher Rolls) 
Jeffrey Mfg. Co., The.332 

ROOFING—Asbestos, Asphalt, Rub¬ 
ber and Slate 

(See also Mine and Mill Supplies) 
Asbestos Shingle, Slate & Sheath¬ 
ing Co.121 

Colonial Supply Co.832 

ROOFING AND SIDING—Metol 

Colonial Supply Co.832 

Ryerson, Jos. T. & Son.122 

ROOFING AND SIDING—Metal, 
Asbestos Protected 
Davidson, O. H. Equipment Co... 364 

ROOFING AND SIDING—Zinc 
American Zinc Products Co.120 

ROOFING CEMENT 
(See Paints and Cements, Roofing) 

ROPE—^Aerial Tramway 

American Steel & Wire Co.508 

Broderick & Bascom Rope Co... .512 
Leschen, A. & Sons Rope Co.424, 425 

ROPE—Galvanized (Guy) 

American Steel & Wire Co.420 

Leschen, A. & Sons Rope Co. .424,.425 

Macwhyte Company.423 

Roebling's John A. Sons Co.426, 427 

Wickwire Spencer Steel Corp.430 

Williamsport Wire Ropc^ Co. .428, 429 

ROPE—^Hoisting, Haulage and 
Transmission 

American Steel & Wire Co. 

.416, 417, 418 419, 420 

Broderick & Bascom Rope Co... .512 
Davidson, O. H. Equipment Co...354 

Hazard Mfg. Co.270, 422 

Leschen, A. & Sons Rope Co.424, 425 

Macwhyte Ompatiy.423 

Pittsburgh Mining Machinery Co.810 
Roeblings*s, John A. Sons Co.426, 427 

Salt Lake Hardware Co.277, 821 

Wickwire Spencer Steel Corp.... 430 
Williamsport Wire Rope Co. .428, 429 

ROPE—Hoisting, Flat 
American Steel & Wire Co.420 


ROPE—Rawhide 
(See Mine and Mill Supplies) 

ROPE—^Tiller or Hand 
American Steel & Wire Co.420 


ROPE AND CORDAGE—Manila and 
Sisal 

(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Davidson, O. H. Equipment Co... 354 

Filter Fabrics Cq.707 

Macwhyte Company.423 

ROPE DRIVES 
(See Drives, Rope) 

ROPE (WIRE) FITTINGS AND 
ACCESSORIES 

American Steel & Wire Co .421 

Davidson, O. H. Equipment (io... .354 

Hazard Mfg. Co.270, 422 

Leschen, A. & Sons Rope Co.. 424, 425 

Macwhyte Company .423 

Roebling's, John A. Sons Co.426, 427 

Wickwire Spencer Steel Corp.430 

Williamsport Wire Rope Co. .428, 429 

ROPE TRANSMISSION 
(See Drives, Rope) 

ROSIN 

General Naval Stores Co.762 

ROTARY CONVERTERS 

Allis-Chalmers Mfg. Co.169 

General Electric Co.240 

Westinghouse Elec. & Mfg. Co...250 

ROTARY DUMPS 
(See Dumps, Rotary) 

ROUNDS 

(See Structural Steel) 

RUBBER FOOTWEAR 
(See Footwear, Rubber) 

RUBBER GOODS—Mechanical 
(See Mechanical Rubber Goods) 

RUBBER INSULATED PRODUCTS 
Rubber Insulated Metals Corp... .278 

SAFETY APPLIANCES—Cages 
Car Dumper & Equipment Co.410, 411 

Macwhyte Co.423 

Welhnan-Seaver-Morgan Co .409 

SAFETY APPLIANCES—Skip 
Lake Shore Engine Works.415 

SAFETY FIRST APPLIANCES 
Mine Safety Appliances Co.. .784, 785 
Safety First Supply Co.786, 787 

SAFETY FIRST SIGNS 
(See Signs, Safety First) 

SAFETY FUSE 
(See FHise, Blasting) 

(See also Mine and Mill Supplies) 

SAFETY LAMPS 
(See Lamps, Miner's Safety) 

(See Lamps, Electric) 

SALAMANDERS 
(See Mine and Mill Supplies) 

SAMPLERS—Ore 

Denver Engineering Works Co... .400 

Hendy, Joshua, Iron Works.631 

Steams-Roger Mfg. Co.738 

Worthington Pump and Machinery 
Corp. 626 

SAMPLERS—Pulp 

Steams- Roger Mfg. Co.738 

Worthington Pump and Machinery 
Corp. ...: .626 

SAMPLING MILLS 
Wisconsin Bridge & Iron Co.123 

SAMPLING PLANT EQUIPMENT 
Allis-Chalmers Mfg. Co.620 

SAND—Refractory Fire 
Quigley Furnace Specialities Co., 

Inc.157 

SAND DRYERS 
(See Dryers, Sand) 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type* 
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SAND HANDLING EQUIPMENT 
Jeffrey Mfg. Co., The.656 

SAND WASHING PLANTS 
COMPLETE 

Link-Belt Co.499 

SAWS—Hand 

• (See Mine and Mill Supplies) 

SAWS—Power Hack 
(See also Shop Machinery) 
Ryerson, Jos. T. & Son.122 

SAWS—Rail 

Aldon Company, The.355 

Foster, L. B. Co., Inc.374 

Industrial Works.498 

SCALE—Boiler Treatment 
(See Boiler, Water Treatment) 

(See Water Softening and Purifica¬ 
tion) 

SCALES—Aerial Tramway 
Automatic Weighing Machine Co.670 

Merrick Scale Mfg. Co.671 

Schaflfer Engineering & Equipment 
Co.672 

SCALES—Conveyor 
Automatic Weighing Machine Co.670 

Merrick Scale Mfg. Co.671 

Schaflfer Engineering & Equipment 
Co.672 

SCALES—Engineer’s 
(See Instruments—Engineering) 

SCALES—Laboratory (Assay) 
(See also Balance) 

Christian Becker, Inc.769 

SCALES—Mine and Mill 
Winslow Government Standard.. 
Scales Works, Inc.733 

SCALES—Railroad 
Winslow Government Standard.. 
Scale Works, Inc.733 

SCALES—Wagon and Truck 
Winslow Government Standard.. 
Scale Works, Inc.733 

SCIENTIFIC INSTRUMENTS 
(See Instruments—Scientific) 

SCOOPS 

(See Miners’ Tools and Supplies) 

SCRAP—Buyers of 
Hyman-Michaels Company .376 

SCRAPERS—Power 
(See Supplies, Contractors’) . 

SCREEN BARS 
(See Screens, Bar) 

SCREEN CLOTH 

Ludlow-Saylor Wire Co., The....647 

Newark Wire Cloth Co.648 

Wickwire Spencer Steel Corp 430 

SCREENS—Bar 

Card, C. S. Iron Works Co.371 

Chalmers & Williams, Inc.621 

Weller Mfg. Co.660, 661 

SCREENS—Lip 

Hendrick Manufacturing Co.645 

Weller Mfg. Co.660, 661 

SCREENS—Perforated Metal 

Card, C. S. Iron Works Co.371 

I>odge Sales & Engineering Co.. .651 
Harrington & King Perforating.. 

Co., The.644 

Hendrick Manufacturing Co.645 

Nortmann-Duflfke Co.646 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

Wickwire Spencer Steel Co.430 


SCREEN S—Revolving 

Allis-Chalmers Mfg. Co.620 

B. & W. Oil-less Conveyor Co...649 

Bartlett, C. O. & Snow Co.734 

Buchanan, C. G. Co., Inc.622, 623 

Card, C. S. Iron Works Co.371 

Dodge Sales & Engineering Co.. .651 
Gruendler Patent Crusher &Pulv. 

Co.624 

Harrington & King Perforating Co.644 

Hendrick Manufacturing Co.645 

Hendy, Joshua, Iron Works.630 

Link-Belt Co.654 

McLanahan-Stone Machine Co-492 

Nortmann-Duflfke Company.646 

Robins Conveying Belt Co.658 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 

Worthington Pump and Machinery 
Corp.626 

SCREENS-^Shaking 

Allis-Chalmers Mfg. Co.491 

Card, C. S. Iron Works Co.371 

Holmes, Robt. & Bros., Inc.414 

Jeffrey Mfg. Co., The.332 

Link-Belt Co.654 

Nortmann-DufFke Company.646 

Robins Conveying Belt Co.658 

Webster Mfg. Co.. The.659 

Weller Mfg. Co...660. 661 

SCREENS—Vibrating 

Colorado Iron Works Co.638 

Gruendler Patent Crusher & Pulv. 

Co. ..624 

Southwestern Engineering Coi...759 

SCREENS—Wire 

Ludlow-Saylor Wire Co.647 

Weller Mfg. Co.660, 661 

Wickwire Spencer Steel Corp.430 

SCREW CONVEYORS 
(See Conveyors, Screw and Spiral) 

SCREW DRIVERS—Rubber Insulated 
Rubber Insulated Metals Co.278 

SCREWS—Jack 
(See Mine and Mill Supplies) 

SEARCHLIGHTS—Electric 
General Electric Co.242 

SEE-SAWS—Playground 
Mine Safety Appliances Co.784 

SEPARATORS—Magnetic 
(See also Pulleys,Magnetic) 

Buchanan, C. G. Co., Inc.622, 623 

Dings Magnetic Separators Co...673 

Magnetic Mfg. Co.674 

Steams-Roger Mfg. Co.738 

SEPARATORS—Oil, Steam and 
Water 

(See also Steam Specialties) 
(See Mine and Mill Supplies) 

Colonial Supply Co.830 

Crane Company.182, 183 

SEPARATORS—Sediment 
Crane Company.182, 183 

SETTLERS 

Allis-Chalmers Mfg. Co.454 

SHACKLES—Guy 
(See also Rope Fittings and 
Accessories) 

American Steel & Wire Co.421 

SHAFT SINKING 

Foundation Company, The.82 

Hunt, Robt. W. & Co. 83 

SHAFT sinking;—P neumatic Cais¬ 
son Method 

Foundation Company, The. 82 


SHAFTING 

(See also Mine and Mill Supplies) 

B. & W. Oil-less Conveyor Co.649 

Colonial Supply Co.830 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

SHAFTING ACCESSORIES 
(See also Mine and Mill Supplies) 
(See also Power Tran'smission Ma¬ 
chinery and Supplies) 

Colonial Supply Co.831 

Jones, W. A. Foundry & Machine 

Co.226 

Medart Co., The.213 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

SHAKER PLATES 
(See Plates, Screen) 

SHANKING SETS—Hand 
Hardsocg Wonder Drill Co.297 

SHAPES—Copper, Brass and Bronze 
Standard Underground Cable Co.271 

SHARPENERS—Drill 
(See Drill Sharpeners) 

SHEATHING—Welded 
Wickwire Spencer Steel Corp....430 

SHEAVES—Gravity Plane 

Card, C. S. Iron Works Co.371 

Wellman-Seaver-Morgan Co.409 

SHEAVES—Haulage, Rope 
(See also Mine and Mill Supplies) 

American Steel & Wire Co.416 

Baker Car Co...358 

Card, C. S. Iron Works Co .371 

Indiana Foundry Co., Inc.350 

Macwhyte Company.423 

Ottumwa Iron Works.405 

Pettibone Mulliken Co.636 

Roebling’s, John A. Sons Co. .426, 427 

SHEAVES—Hoisting Rope 
(See also Mine and Mill Supplies) 

Baker Car Co.358 

Card, C. S. Iron Works Co.371 

Hendy, Joshua, Iron Works.401 

Holmes, Robt. & Bros., Inc.414 

Lake Shore Engine Works.415 

Macwhyte Ck)mpany.. 423 

Medart Co., The.213 

Ottumwa Iron Works..405 

Pittsburgh Mining Machinery Co 810 
Roebling’s, John A. Sons Co. .426, 427 

Vulcan Iron Work^ Co., The_408 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660,661 

Wellman-Seaver-Morgan Co.409 

Williamsport Wire Rope Co. .428, 429 

SHEET AND PLATE WORK 

Card, C. S. Iron Works Co.371 

Dwight & Lloyd Sintering Co., Inc. 736 

Hendrick Mfg. Co.645 

Walsh & W’eidner Boiler Co., The 155 
Weller Mfg. Co.660, 661 

SHEET GUM 
(See Packing, Sheet) 

SHEET METAL—Perforated 
(See Metals, Perforated) 

SHEETS—Black 

Ryerson, Jos. T. & Son.122 

SHEETS—Brass, Copper and Nickel 

Silver 

American Brass Company, The...818 

SH EETS—Galvanized 
Ryerson, Jos. T. & Son.122 

SHEETS—Zinc 

American Zinc Products Co., The. 120 
Roessler & Hasslacher Chemical 
Co.764 
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SHELLAC 

(See Electrical Supplies) 

SHIELD—Wire Rope 
(See Cable and Rope Dressing) 


SHIELDS—Welding 
American Steel & Wire Co.335 

SHINGLES—Asbestos 
Asbestos Shingle, Slate & Sheath¬ 
ing Co.121 


SHINGLE STAINS 
(See Stains) 

SHOES—Horse and Mule 
(See Mine and Mill Supplies) 

SHOES—Ladder 

Safety First Supply Co.786, 787 

SHOES—Rubber (Miner’s) 
Goodrich, B. F. Rubber Co., The... 829 

SHOES AND DIES—For Stamp Mill 
Midwest Forge & Steel Co.635 

SHOP MACHINERY 
(See also Mine and Mill Supplies) 

Bradley, C. C. & Son, Inc.302 

Chicago Pneumatic Tool Co.. 808, 809 

Hauck Manufacturing Co.811 

Ingersoll-Rand Co.299, 300 

Niles-Bement-Pond Co.217 

Ryerson, Jos. T. & Son.122 

Sullivan Machinery Co.301 

SHOP TOOLS 
(See Tools, Shop) 

SHOVELING MACHINES—Mechani¬ 
cal Loading 

(See also Loading Machines) 
Cole-Goudie Shovel Co., The.308, 309 

Hoar Shovel Ag^ency, Inc.312 

Lake Shore Engine Works.402 

Lake Superior Loader Co...310, 311 

Myers-Whaley Co.313 

Webster Mfg. Co.659 

SHOVELS—Convertible (Crane and 
Steam Shovel) 

(See also TJranes, Locomotive) 

Industrial Works.498 

Marion Steam Shovel Co_496, 497 

SHOVELS—Power, Electric Equip¬ 
ment For 

General Electric Co.244, 245 

Westinghouse Elec. & Mfg. Co...255 

SHOVELS—Miners’ 

(See Mine and Mill Supplies) 

(See Miners’ Tools and Supplies) 

SHOVELS—^Power, Steam, Gas, Air 
and Electric (Outside Loading) 
(See also Cranes, Locomotive) 
Cole-Goudie Shovel Co., The.308, 309 


Industrial Works .498 

Marion Steam Shovel Co.. .496, 497 
Weller Mfg. Co.660, 661 

SHOVELS—Railroad Type 
Marion Steam Shovel Co.496, 497 

SHOVELS—Steam, Gas and Electric 
New and Used 

Kleinhans, H. Co.502 

SIDING—Composition Board 
Asbestos Shingle, Slate & Sheath- 
ing Co .121 


SHREDDING MACHINERY 
(See Crushers; See Pulverizers) 
SIDING—Sheet 

(See Roofing and Siding, Metal) 
SIEVES—Laboratory 
Newark Wire Cloth Co.648 

SIGNS—Safety First 
(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Mine Safety Appliances Co.785 

Safety First Supply Co.786, 787 


SILENT CHAIN 
(See Chain, Silent) 

SILOS 

National Tank & Pipe Co.713 

SINTERING MACHINERY 

Bartlett, C. O. & Snow Co.734 

Dwight & Lloyd Sintering Co., Inc. 736 

SINTERING PLANTS 

Bartlett, C. O. & Snow Co.734 

Dwight & Lloyd Sintering Co., Inc.736 
Weller Mfg. Co.660, 661 

SIRENS—Electric 

Federal Electric Co.275, 280 

SISAL 

(See Rope and Cordage, Manila and 
Sisal) 

SKIMMERS—Boiler Water 


Buckeye Boiler Skimmer Co.160 

SKIP AND CAGE—Combination 

Lake Shore Engine Works.415 

Vulcan Iron Works Co., The.408 

SKIPS—Hoisting 

Allis-Chalmers Mfg. Co.491 

Atlas Car & Mfg. Co.336, 337 

Bartlett, C. O. & Snow Co.734 

Card, C. S. Iron Works Co.371 

Denver Engineering Works Co...400 
Hendy, Joshua, Iron Works..... .401 

Holmes, Robert & Bro.414 

Jeffrey Mfg. Co.332 

Lake Shore Engine Works.363 

Steams-Roger Mfg. Co.738 

Vulcan Iron Works Co., The.408 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 

Wellman-Seaver-Morgan Co.409 


SKYLIGHTS 

Davidson, 0. H. Equipment Co...354 

SLAG POTS 
(See Pots, Slag) 


SLEDGES 

(See Mine and Mill Supplies) 

(See Miners’ Tools and Supplies) 

SLIDES—Playground 

Mine Safety Appliances Co.784 

Safety First Supply Co.786 

SLINGS—Rope 

(See also Rope Fittings and Acces¬ 
sories) 

Roebling’s, John A. Sons Co.426, 427 
SLUICES—Steel 

Hendy, Joshua, Iron Works.529 


SMELTER CHIMNEYS 
(See Chimneys, Smelter) 

SMELTER EQUIPMENT 
(See also item wanted) 


Allis-Chalmers Mfg. Co.740 

Colorado Iron Works Co.638 

Salt Lake Hardware Co.277, 821 

Worthington Pump and Machinery 
Corp.741 


SMELTERS 
(See Furnaces, Blast) 

SMOKE STACKS 
(See also Boilers, Various Kinds) 
Walsh & Weidner Boiler Co., The. 155 

SOCKET AND CHAIN 
(See also Rope Fittings and Acces¬ 
sories) 

American Steel & Wire Co.421 


SOCKETS—Wire Rope 
(See also Rope Fittings and Acces¬ 
sories) 

American Steel & Wire Co.421 


SODA—Caustic 

Roessler & Hasslacher Chemical 
Co..764 

SODIUM SULPHIDE 
(See also Acids and Chemicals) 
Southwestern Engineering Co....759 

SOLDER 

(See Mine and Mill Supplies) 

SOLDERING COMPOUNDS 
(See also Electrical Supplies) 

(See also Mine and Mill Supplies) 
Westinghouse Elec. & Mfg. Co...248 

SOLDERING IRONS—Electric 
Cutler-Hammer Mfg. Co., The.258,259 

General Electric Co.246 

Westinghouse Elec. & Mfg. Co...252 

SPECIALTIES (For Water, Air and 
Oil) 

(See item wanted) 

SPEED REDUCERS 
(See also Gears, Turbine and Reduc¬ 
tion) 

Cleveland Worm & Gear Co .220 

Falk Corporation, The.215, 221 

Foote Bros. Gear & Machine Co. .222 

Ganschow, Willliam Company.223 

Jones, W. A. Foundry & Machine 

Co.226 

Nuttall, R. D. Co.218 

Weller Mfg. Co.660, 661 

SPIKE BARS 

(See also Mine and Mill Supplies) 
(See also Track Accessories) 
American Mine Door Co., The_352 

SPIKES—Track 
(See Mine and Mill Supplies) 

(See also Track Accessories) 

SPLICE BARS—Angle and Plain 
(See also Track Accessories) 


Foster, L. B. Co., Inc.374 

SPLICERS—Cable 

American Mine Door Co., The_362 

General Electric Co.239 

Westinghouse Elec. & Mfg. Co...252 

SPLICERS—Trolley Wire 
(See also Line Material) 

American Mine Door Co., The_352 

General Electric Co.239 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co...252 


SPOUTS—Magnetic 
Dings Magnetic Separator Co....673 

SPRAGGERS—Car (Mechanical) 
Car-Dumper & Equipment Co.410, 411 


SPREADER—Material 
Jordan, O. F. Co.501 

SPRINGS—Wire 

Wickwire Spencer Steel Corp.430 

SPROCKETS 

(See also Power Transmission Ma¬ 
chinery) 

B. & W. Oil-less Conveyor Co.649 

Dodge Sales & Engineering Co. . .651 
Foote Bros. Gear & Machine Co.. .222 

Jeffrey Mfg. Co.332 

Jones, W. A. Foundry & Machine 

Co.226 

Link-Belt Co.655 

Medart Co., The.213 

Morse Chain Co.209 

Pettibone Mulliken Co.636 

Taylor-Wharton Iron & Steel Co. .500 
Webster Mfg. Co., The.659 


SQUARES 

(See Structural Steel) 
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SQUIBS 

(See also Blasting Supplies) 

(See also Mine and Mill Supplies) 

Atlas Powder Co.555 

Du Pont, E. I. De Nemours & Co., 

Inc.558 

Giant Powder Co., Con., The.560 

Herculas Powder Co.563 

Illinois Powder Mfg. Co.564 

SQUIBS—Electric 

Atlas Powder Co.555 

Du Pont, E. I. De Nemours & Co., 

Inc.558 

Giant Powder Co., Con., The.560 

Hercules Powder Co.563 

Illinois Powder Mfg. Co.564 

STACKS—Steel 

(See also Sheet and Plate Work) 
Dwight & Lloyd Sintering Co., Inc 

.736 

Hendrick Manufacturing Co.645 

STAINS 

Cabot, Samuel, Inc.119 

STANDPIPES 

Walsh & Weidner Boiler Co., The. 155 
STANDS—Switch 

(See Frogs, Turnouts and Switches) 

STARTERS—Motor 
(See Motor Starters) 

STEAMERS—Storage Battery 
Hauck Manufacturing Co.811 

STEAM ENGINES 
(See Engines, Steam) 

STEAM SHOVEL PARTS 
Pettibone Mulliken Co.636 

STEAM SPECIALTIES 
(See also Mine and Mill Supplies) 

Crane Company.182, 183 

Jenkins Bros.184, 185 

Kelly & Jones Co., The.186, 187 

Ryerson, Jos. T. & Son.122 

STEAM TRAPS 
(See Traps, Steam) 

STEAM TURBINES 
(See Turbines, Steam) 

STEEL^Alloy 

Taylor-Wharton Iron & Steel Co. .500 

STEEL—Manganese 
Taylor-Wharton Iron & Steel Co. .500 

STEEL^Rock Drill 
(See also Mine and Mill Supplies) 
Cleveland Rock Drill Co., The... .294 

Cochise Machine Co.292 

Hardsocg Wonder Drill Co.297 

Ingersoil-Rand Co.300 

Salt Lake Hardware Co.277, 821 

STEEL—Structural 
(See Structural Steel and Shapes) 

STEEL—Tool 

Ryerson, Jos. T. & Son.122 

STEEL BARS 
(See Bars, Iron and Steel) 

STILLS—Water 

(See Assayers’ and Chemists’ Sup¬ 
plies) 

• STOCKS AND DIES 

(See Mine and Mill Supplies) 

STOKERS 

Westinghouse Elec. & Mfg. Co... 249 

STOKERS—Powdered Coal 
Stroud, E. H. & Co.742 

STONE AND LIME HANDLING MA¬ 
CHINERY 

Link-Belt Company.499 


STOPERS 

(See also Drills, Rock) 
Cleveland Rock Drill Co., The....294 

Cochise Machine Co.292 

Denver Rock Drill Mfg. Co.296 

Hardsocg Wonder Drill Co.297 

Ingersoll-Rand Co.299 

Sullivan Machinery Co,.301 

STORAGE BATTERIES 
Edison Storage Battery Co..342, 486 
Elec^c Storage Battery Co.343 

STORAGE SYSTEMS—Coal 

Jeffrey Mfg. Co.656 

Robins Conveying Belt Co.658 

Weller Mfg. Co.660, 661 

STOVES—Heating 

Indiana Foundry Co., Inc.828 


STOVES—Sand Drying 
(See also Mine and Mill Supplies) 

Indiana Foundry Co., Inc.350 

Vissering, Harry & Co.351 

STRAINERS 

Hendy, Joshua, Iron Works.529 

STRAINERS (Lead Lined) 
United Lead Co.710, 711 

STRETCHERS 

(See also Mine and Mill Supplies) 
(See also Hospital Equipment and 
Supplies) 

Mine Safety Appliances Co.783 

Safety First Supply Co.787 

STRUCTURAL STEEL AND 
SHAPES 

American Car & Foundry Co.356, 357 

Frank, M. K.375 

Ryerson, Jos. T. & Son.122 

Scullin Steel Company.637 

STRUCTURAL STEEL WORK 
Dwight & Lloyd Sintering Co., Inc.736 
Walsh & Weidner Boiler Co., The. 155 
Wisconsin Bridge & Iron Co.123 

STUBS—Bore Hole (Lead Lined) 
United Lead Co.710, 711 

STUCCO MACHINES 
Colonial Supply Co.830 


SUB-STATION EQUIPMENT 
(Electric) 

(See also item wanted) 
Cutler-Hammer Mfg. Co., The.258, 259 

General Electric Co.240 

Westinghouse Elec. & Mfg. Co...250 

SUPPLIES—Ball and Tube Mill 
(See Ball and Tube Mill Supplies) 

SUPPLIES—Contractors’ 

(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Kleinhans, H. Co.502 

SUPPLIES—Electrical 
(See Electrical Supplies) 

SUPPLY KITS (For Carbide Lamps) 

Justrite Mfg. Co.483 

Shanklin Mfg. Co.484 

SURGICAL DRESSINGS 
(See First Aid Supplies) 

SURVEYING INSTRUMENTS 
(See Instruments, Surveying) 

SURVEYING INSTRUMENTS—Re¬ 
pairing 

(See Repairs, Surveying Instruments) 

SUSPENSION BRIDGES 
(See Bridges, Suspension) 

SUSPENSIONS—Mine 
(See Hangers, Trolley Wire) 


SWAGE BLOCKS 

Indiana Foimdry Company, Inc...350 

SWINGS—Playground 

Mine Safety Appliances Co.784 

Safety First Supply Co.786 

SWITCHBOARDS 

General Electric Co.241 

Westinghouse Elec. & Mfg. 0>...255 

SWITCHBOARDS AND PANELS 
(See also Electrical Supplies) 

Allis-Chalmers Mfg. Co.168 

General Electric O).241 

Westinghouse Elec. & Mfg. Co... 256 

SWITCH BOXES 

Chicago Fuse Mfg. Co.273 

D & W Fuse Works of General 

Electric Ck>.247 

General Electric Co.247 

Westinghouse Elec. & Mfg. 0>...257 

SWITCH HANDLES—Rubber Insu¬ 
lated 

Rubber Insulated Metals Corp... .278 

SWITCH THROWERS—Automatic 
American Mine Door Co., The... .352 

SWITCHES—Battery Charging 
(See Battery Charging Apparatus) 

SWITCHES—Electrical 
(See also Electrical Supplies) 
Cutler-Hammer Mfg. Co., The.258, 259 

General Electric Co.241 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co... 
.252, 257 

SWITCHES—Remote Control 
Cutl«:-Hammer Mfg. Co....258, 259 

SWITCHES—Remote Control for 
Sirens 

Federal Electric Co.280 

SWITCHES—Section Insulating 
(See also Switches, Electrical) 
(See also Line Material) 

General Electric Co.331 

Ohio Brass Co. 

Westinghouse Elec. & Mfg. Co...252 

SWITCHES AND SWITCH STANDS 
—^Track 

American Frog & Switch O).... .^0 

Atlas Car & Mfg. Co.336, 837 

Card, C. S. Iron Works Co.371 

Central Frog & Switch Co...372 

Easton Car & Construction Co... .359 

Elliot Frog & Switch Co.373 

Pettibone Mulliken Co.636 

SWITCHES AND TURNOUTS 
(See Frogs, Turnouts and Switches) 

TABLES—Concentrating 

Deister Concentrator Co.640 

Deister Machine Co....... . 

Mine and Smelter Supply Co 632 

Steams-Roger Mfg. Co.738 

TABLES—Concentrating (New and 
Used) 

Morse Bros. Machinery & Supply 

Co. . 

TABLES—Picking 

Jeffrey Mfg. Co. :•••/, . 

McLanahan-Stone Machine Co-492 

Weller Mfg. Co.660, 661 

TABLES—^Transfer 
Industrial Works .498 

TAKE-UPS—Atmospheric (For Belt 
Conveyors) 

B. & W. Oil-less Conveyor Co-649 

TAKE-UPS—Elevator 

Webster Mfg. Co.659 

Weller Mfg. Co.660, 661 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 
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// Yon Can*t Find !t In the PRODUCTS INDEX, Write Us. 


TAMPING BAGS 
(See also Blasting Supplies) 

TAMPING [BARS AND HEADS 
(See Miners' Tools and Supplies) 

TANK FIXTURES 
Caldwell, W. E. Co 712 

Hercules Powder Co.563 


TANKS—Acid 

National Tank & Pipe Co.713 

TANKS—Air 
(See Receivers, Air) 

(See also Tanks, Steel) 

TANKS—Car 

National Tank & Pipe Co.713 

TANKS—Conical Bottom 
National Tank & Pipe Co.713 

TANKS—Oil 

National Tank & Pipe Co.713 

TANKS—Pressure 

Brownell Company, The.153 

National Tank & Pipe Co.713 

Walsh & Weidner Boiler Co., TTie.lSS 

TANKS—Railroad 

Caldwell, W. E. Co.712 

National Tank & Pipe Co.713 

^ TANKS—^Rectangular 

National Tank & Pipe Co.713 

TANKS—Settling, Thickening and 
Dewatering 

Allen Cone Co.642 

Caldwell, W. E. Co.712 

Continental Pipe Mfg. Co.526 

Dorr Company, The.704, 705 

National Tank & Pipe Co.713 

St^ms-Roger Mfg. Co.738 

Wiederholdt Construction Co....743 

TANKS—Steel 

(See also Sheet and Plate Work) 
(See also Mine and Mill Supplies) 

American Spiral Pipe Works.625 

Brownell Co., The.153 

Caldwell, W. E. .712 

Hendrick Manufacturing Co.645 

Walsh & Weidner Boiler Co., The. .165 

TANKS—Water Storage 
American Spiral Pipe Works....526 

Brownell Co., The.153 

Caldwell, W. E. Co.712 

Continental Pipe Mfg. Co.626 

National Tank & Pipe Co.713 

Steams-Roger Mfg. Co.738 

Walsh & Weidner Boiler Co., The. 156 
Wiederholdt Construction Co.743 

TANKS—Wood 

(See also Mine and Mill Supplies) 

Caldwell, W. E. Co.712 

Continental Pipe Mfg. Co.626 

National Tank & Pipe Co.713 

TANKS—Wood, All Kinds (Redwood 
Lumber For) 

Pacific Lumber Co.714, 715 

TANKS—^Wood and Steel (New and 

Us^) 

Morse Bros. Machinery & Supply 
Co...820 

TANKS AND TOWERS 

Caldwell, W. E. Co.712 

Steams-Roger Mfg. Co.738 

Walsh & Weidner Boiler Co., The. .166 

TAPE AND CLOTH—Insulating 
(See also Electrical Supplies) 
Standard Underground Cable Co.. 271 
Westinghouse Elec. & Mfg. Co...262 

TAPES—Steel (Engineer's) 

Buff & Buflf Mfg. Co. 80 

Gurley, W. & L. E. 81 


TAPS AND DIES 
(See Mine and Mill Supplies) 

TAR—Pine and Coal 
General Naval Stores Co.762 

TELEPHONES—Mine Service 
(See also Electrical Supplies) 

Stromberg-Carlson Telephone Mfg. 

Co.279 

TERMINALS—Cable 
Standard Underground Cable Co..271 

TESTERS—Rail Bond 
(See Bond Testers) 

TESTING MATERIALS 
Hunt, Robt. W. & Co. 83 

TESTING MINERAL LANDS 
(See Prospecting) 

TESTING ORES 
(See Laboratory—Testing 

THAWING KETTLES 
(See Kettles, Thawing) 

(See also Blasting Supplies) 

THAWING OUTFITS 
Hauck Mfg. Co.811 

THEODOLITES 

Buff & Buff Mfg. Co. 80 

THERMOMETERS 
(See Mine and Mill Supplies) 

THICKENERS 

Allen Cone Co.642 

Dorr Company, The.704, 705 

THICKENERS—Pulp 
(See also Tanks, Settling, Thickening 
and Dewatering) 

Allen Cone Co_'..642 

Dorr Company, The.704, 705 

THICKENERS—Pulp (New and 
Used) 

Morse Bros. Machinery & Supply 
Co.820 

THIMBLES—Galvanized Oval 
(See also Rope Fittings and Acces¬ 
sories) 

American Steel & Wire Co.421 

THIMBLES—Wire Rope 
(See Rope Fittings and Accessories) 

THROTTLE VALVES—Air 
(See Valves, Compressed Air) 

THROWS—Ground 
(See Switches and Switch Stands) 

TIE CLIPS AND BOLTS 
(See Track Accessories) 

TIE PLATES 

(See also Track Accessories) 
American Frog & Switch Co., The.370 

Central Frog & Switch Co.372 

Foster, L. B. Co., Inc.374 

TIES—Steel Mine 

Central Frog & Switch Co.372 

Davidson, 0. H. Equipment Co_364 

TIES—Turnout 

Davidson, 0. H. Equipment Co_354 

TILES—^Zinc (Roofing) 
American Zinc Products Co., The. 120 

TIMBER 
(See Lumber) 

TIMBER FRAMING MACHINES 
(See Framers, Timber) 

TIMBER PRESERVING MACHIN¬ 
ERY 

Allis-Chalmers Mfg. Co.168 

TIPPLES—Rotary 
(See Dumps, Rotary) 


TIPS—Burner (For Carbide Lamps) 

Grier Brothers Co.482 

Justrite Manufacturing Co.483 

TIRES—Locomotive (Steel) 

Lobdell Car Wheel Co.364 

Pennsylvania Casting & Machine 
Works .349 

TOOL BAGS—Linemen's 
Colonial Supply Co.832 

TOOL STEEL 
(See Steel, Tool) 

(See also Mine and Mill Supplies) 

TOOLS—Bonding 
(See also Line Material) 

General Electric Co.331 

Ohio Brass Co., The.363 

TOOLS—Drill Sharpening 
Hardsocg Wonder Drill Co.297 

TOOLS—Machine 

Niles-Bement-Pond Co.217 

Ryerson, Jos. T. & Son.122 

TOOLS—Pneumatic 
(See also item wanted) 
Chicago Pneumatic Tool Co. .808, 809 

Ingersoll-Rand Co.298 

Sullivan Machinery Co.301 

TOOLS—^Portable Electric 

Chicago Pneumatic Tool Co.291 

Cutler-Hammer Mfg. Co., The.268, 259 

General Electric Co.246 

Westinghouse Elec. & Mfg. (jo...248 

TOOLS—Shop 

(See also Tools, Portable Electric and 
Pneumatic) 

(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Niles-Bement-Pond Co.217 

TOOLS—Track 
(See Track Tools) 

TORCHES—Blow 
(See also Mine and Mill Supplies) 

Colonial Supply Co.830 

Hauck Mfg. Co.811 

TORCHES—Welding 
Imperial Brass Co.813 

TOWERS—Acid 

National Tank & Pipe Co.713 

Wiederholdt Construction Co.743 

TOWERS—Cooling 
Wiederholdt Construction Co.743 

TOWERS—Tank 
(See Tanks and Towers) 

TOWERS—Unloading 
Robins Conveying Belt Co.658 

TRACK—Portable 

Atlas Car & Mfg. Co., The.. .336, 337 

Card, C. S. Iron Works Co.371 

Central Frog & Switch Co., The..372 

Elliot Frog & Switch Co.373 

Foster, L. B. Co.374 

Frank, M. K.375 

TRACK ACCESSORIES 
(See also Mine and Mill Supplies) 

Atlas Car & Mfg. Co., The_336, 337 

Card, C. S. Iron Works Co.371 

Central Frog & Switch Co., The. .372 
Easton Car & Construction Co.... 369 

Elliot Frog & Switch Co.373 

Foster, L. B. Co.374 

Frank, M. K. 376 

Pettibone Mulliken Co.636 

TRACK DRILLS 
(See Drills, Track) 

TRACK GAUGES 

Aldon Company, The.355 
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i4 *‘fiext to Knowing a Thing Is to Know Where to Get Information About It” 


TRACK LEVELS 

Aldon Company, The.355 

TRACK MATERIAL 
(See Track Accessories) 

TRACK TOOLS 

(See also Mine and Mill Supplies) 


Aldon Company, The.355 

Colonial Supply Co.830 

Foster, L. B. Co., Inc..374 


TRACTOR TRANSMISSIONS 


Foote Bros. Gear & Machine Co.. .222 

TRAMWAYS—Aerial 

American Steel & Wire Co. 

.508, 509, 510, 511 

Broderick & Bascom Rope Co....512 

Hendy, Joshua, Iron Works.529 

Interstate Equipment Corp.513 

Leschen, A. & Sons Rope Co.. 424, 425 

Macwhyte Company .423 

Mundy, J. S. Hoisting Engine Co.404 
Pittsburgh Mining Machinery Co.810 
Roebling^ John A. Sons Co. .426, 427 


TRAMWAYS—Aerial (New and 
Used) 

Morse Bros. Machinery & Supply 
Co.820 

TRAMWAYS—Aerial (Electrical 
Equipment For) 

(See Motors, Aerial Tramway) 


TRANSFORMERS—Electric 
(See also Electrical Supplies) 

Allis-Chalmers Mfg. Co.169 

Davidson, O. H. Equipment Co...354 

General Electric Co.241 

Kuhlman Electric Co.260 

Moloney Electric Co.261 

Packard Electric Co., The... 262, 263 
Pittsburgh Transformer Co..264, 265 


Westinghouse Elec. & Mfg. Co.249,250 
TRANSITS 

Buff & Buff Mfg. Co. 80 

Colonial Supply Co.832 

Gurley, W. & L. E. 81 

TRANSMISSION MACHINERY 
(See Power Transmission Machinery) 

TRAPS—Stable 

Indiana Foimdry Co., Inc.350 

TRAPS—Steam 

(See also Mine and Mill Supplies) 
(See also Steam Specialties) 

Colonial Supply Co.830 

Crane Company.182, 183 


TRASH-RACKS 

Hendy, Joshua, Iron Works.529 

TREADS—Anti-Slip 
American Abrasives Metal Co... .739 
Ryerson, Jos. T. & Son.122 

TRESTLES 

Wisconsin Bridge & Iron Co.123 


TRIMMINGS—Engine and Boiler 
(See Boiler Fittings) 

(See Steam Specialties) 

TRIP FEEDERS—Automatic 
Car-Dumper & Equipment Co.410, 411 

TRIPODS—Surveying Instrument 
(See also Transits) 


Buff & Buff Mfg. Co. 80 

TRIPPERS 

Dodge Sales & Engineering Co.. .651 

Jeffrey Mfg. Co., The.657 

Webster Mfg. Co., The.659 

Weller Mfg. Co.660, 661 


TROLLEY BASES 
(See Line Material) 

TROLLEY CLAMPS 
(See Clamps, Trolley) 

TROLLEY EARS 
(See Splicers, Trolley) 

TROLLEY FROGS 
(See Frogs, Trolley) 

TROLLEY HANGERS 
(See Hangers, Trolley) 

TROLLEY HARPS 
(See Harps and Heads, Trolley) 

TROLLEY LINE MATERIAL 
(See Line Material) 

(See also Electrical Supplies) 

TROLLEY POLES 
(See also Electrical Supplies) 
Nuttall, R. D. Company.218 

TROLLEY SPLICERS 
(See Splicers, Trolley) 

TROLLEY WHEELS AND HARPS 
(See also Electrical Supplies) 


Nuttall, R. D. Co.218 

Ohio Brass Co., The.353 


Westinghouse Elec. & Mfg. Co...252 

TROLLEY WIRE 
(See Wire, Trolley) 

TROMMELS 

Dodge Sales & Engineering Co...651 


Hendy, Joshua, Iron Works.529 

Stearns-Roger Mfg. Co.738 

TRUCKS—Mine Car 
(See also Cars, Mine) 
American Car & Foundry Co.... 356 

Baker Car Company.358 

Card, C. S. Iron Works Co.371 

Davidson, O. H. Equipment Co... .354 

Hendy, Joshua, Iron Works.360 

Kenova Mine Car Co.361 

Lake Shore Engine Works.363 

Lobdell Car Wheel Co.364 

Ogden Iron Works Co.365 

Ottumwa Iron Works.405 

Sanford-Day Iron Works.366 

Southern Wheel Co.367 

TUBE CLEANERS 
Ryerson, Jos. T. & Son.122 


TUBES—Boiler 
(See Boiler Tubes) 

TUBES—Copper, Brass and Bronze 
(See also Mine and Mill Supplies) 
American Brass Company, The..818 
Standard Underground Cable Co..271 


TUBING!—Ventilation 

Bemis Bro. Bag Co.476 

Colonial Supply Co.832 

Du Pont, E. I. De Nemours & Co., 

Co.477 

TURBINE GEARING 
(See Gears, Turbo and Reduction) 

TURBINES—Hydraulic 

Allis-Chalmers Mfg. Co.168 

Wellman-Seaver-Morgan Co.409 

Worthington Pump and Machinery 
Corp.176 

TURBINES—Steam 

Allis-Chalmers Mfg. Co.168 

De Laval Steam Turbine Co.162 

General Electric Co.240 

Moore Steam Turbine Corp.163 

Sturtevant, B. F. Co.161 

Terry Steam Turbine Co., The... .164 


Westinghouse Elec. & Mfg. Co...249 


TURBO BLOWERS 

De Laval Steam Turbine Co.162 

General Electric Co.240 

Ingersoll-Rand Co.170 

Moore Steam Turbine Corp....... 163 

Sturtevant, B. F. Co.161 

Terry Steam Turbine Co., The.... 164 

TURBO GENERATORS 

De Laval Steam Turbine Co.162 

General Electric Co.240 

Moore Steam Turbine Corp.163 

Terry Steam Turbine Co., The_164 

Westinghouse Elec. & Mfg. Co...249 

TURBO GENERATOR SETS—For 
Headlights 

General Electric Co.242 

TURBO-PUMP SETS 

De Laval Steam Turbine Co.162 

Moore Steam Turbine Corp.163 

Terry Steam Turbine Co., The-164 


TURNBUCKLES—For Guy Ropes 
(See also Rope Fittings and Acces¬ 
sories) 

(See also Mine and Mill Supplies) 
American Steel & Wire Co.421 

TURNOUTS 

(See Frogs and Switches) 

TURNOUTS—Portable 
(See also Frogs and Switches) 


Elliot Frog & Switch Co.373 

TURNTABLES 
(See also Track Accessories) 

Atlas Car & Mfg. Co., The.337 

Frank, M. K.375 

Hendy, Joshua, Iron Works.360 

TURPENTINE 

General Naval Stores Co.762 


TUYERE IRONS 

Indiana Foundry Company, Inc...350 
TWINE 

(See also Mine and Mill Supplies) 


Filter Fabrics Co.707 

UNIONS 

Colonial Supply Co.836 

Crane Company .183 

Kelly & Jones Co., The.187 

VALLEYS—Zinc 

American Zinc Products Co., The. 120 

VALUATION—Reports on 
Hunt, Robert W. & Co. 83 

VALVE OPERATING MECHANISM 
Hendy, Joshua, Iron Works.529 

VALVES—Anti-Acid 
(See also Valves, Steam and Water) 

Jenkins Bros.185 

Kelly & Jones Co., The....187 

Nelson Valve Co.188 

United Lead Co.710, 711 

VALVES—Back Pressure (Exhaust) 
(See also Valves, Steam and Water) 

Colonial Supply Co.830 

Crane Company .182 

Jenkins Bros.184 

Kelly & Jones Co., The.186, 187 

Nelson Valve Co.188 

VALVES—Blow-Off 
(See also Valves, Steam and Water) 

Colonial Supply Co.830 

Jenkins Bros.184 

Kelly & Jones Co., The.187 

Nelson Valve Co.188 

VALVES—By-Pass 
(See also Valves, Steam and Water) 

Crane Company .182 

Jenkins Bros.185 

Kelly & Jones Co., The.186 

Nelson Valve Co.188 
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VALVES—Check 

(See also Valves, Steam and Water) 


Crane Company .182 

Jenkins Bros.184 

Kelly & Jones Co., The.186, 187 

Nelson Valve Co.188 

VALVES—Check (Lead Lined) 
United Lead Co.711 

VALVES—Compressed Air 

Cleveland Rock Drill Co., The_295 

Crane Company.182 

Dixon Valve & Coupling Co.306 

Knox Manufacturing Co.307 


VENTILATORS—Building 

Colonial Supply Co.830 

Davidson, 0. H. Equipment Co... 354 

VISES 

(See Mine and Mill Supplies) 

VOLTMETERS 
(See also Electrical Supplies) 

General Electric Co.241 

Westinghouse Elec. & Mfg. Co...250 

WALL BOARD—Fireproof 
(See also Asbestos Products) 
Asbestos Shingle, Slate & Sheath¬ 
ing Co.121 


VALVES—Engine Stop 
(See also Valves, Steam and Water) 

Crane Company .182 

Nelson Valve Co.188 

VALVES—Foot (Lead Lined) 
United Lead Co.711 

VALVES—For Use With Riveted Pipe 
Hendy, Joshua, Iron Works.529 

VALVES—Lead Lined 
United Lead Co.710, 711 

VALVES—Marine 
(See also Valves, Steam and Water) 

Jenkins Bros.184 

Nelson Valve Co.188 

VALVES—Non-Return (Emergency) 
(See also Valves, Steam and Water) 

Colonial Supply Co.830 

Crane Company .183 

Jenkins Bros.185 

Kelly & Jones Co., The..186 

Nelson Valve Co.188 


VALVES—Pop Safety 
(See also Valves, Steam and Water) 


Crane Company .182 

Jenkins Bros.184 

Kelly & Jones Co., The.186 

Nelson Valve Co.188 


VALVES—Pump (Discs) 
(See also Mine and Mill Supplies) 


Jenkins Bros.185 

New York Belting & Packing Co. .667 

Quaker City Rubber Co.668 

United States Rubber Co.305 

VALVES—Relief • 

(See also Valves, Steam and Water) 

-Crane Company.182 

Jenkins Bros.184 

Kelly & Jones Co., The.186 

Nelson Valve Co.188 

VALVES—Steam and Water 
(See also Mine and Mill Supplies) 

American Car & Foundry Co.356 

Colonial Supply Co.832 

Crane Company .182, 183 

Jenkins Bros.184, 185 

Kelly & Jones Co., The.186, 187 

Nelson Valve Co.188 

Ohio Brass Co., The.353 

United Lead Co.710, 711 

VALVES—Stop 

(See also Valves, Steam and Water) 

Crane Company .182 

Jenkins Bros.184 

Nelson Valve Co.188 


VALVES—^Throttle for Drills 
(See Valves, Compressed Air) 

VALVES—Water 
(See Valves, Steam and Water) 

VANNERS 

Allis-Chalmers Mfg. Co.620 

VENTILATION TUBING 
(See Tubing, Ventilation) 


WASHERS—Ore 
(See also Jigs) 

(See also Log Washers) 
Allis-Chalmers Manufacturing Co.620 

Dorr Company, .The.705 

McLanahan-Stone Machine Co... .492 
Worthington Pump and Machinery 
Corp.626 

WASHERS—Sand 

Allen Cone Company, The.642 

WASTE—Cotton and Wool 
(See also Mine and Mill Supplies) 
Colonial Supply Co.831 

WATER BAILERS 
(See Bailers, Water) 

WATER COLUMNS 
(See Steam Specialties) 

WATER DEVICE—Hydraulic 
Allen Cone Company, The.642 

WATER GAUGES 
(See Gauges, Water) 

WATER HEATERS 
(See Heaters, Feed Water) 

WATER JACKETS—Smelting 
(See also Smelter Equipment) 
Worthington Pump and Machinery 
Corp.741 

WATER PURIFICATION 

Permutit Company, The.158 

Scaife, Wm. B. & Sons Co.159 

Worthington Pump and Machinery 
Corp.166 

WATER RECOVERY 

Allen Cone Co.642 

Dorr Company, The.704, 705 

WATER SOFTENERS 
(See also Water Purification) 

Permutit Company, The.158 

Scaife, Wm. B. & Sons Co.159 

WATER STILLS 
(See Stills, Water) 

WATER TUBE BOILERS 
(See Boilers, Water Tube) 

WATER WHEELS—Impulse 

Hendy, Joshua, Iron Works.529 

Worthington Pump and Machinery 
Corp.176 

WATER WHEELS—New and Used 
Morse Bros. Machinery & Supply 
Co.820 

WATTMETERS 
(See also Electrical Supplies) 

General Electric Co.241 

Westinghouse Elec. & Mfg. Co...250 

WEIGHER—Liquid 
Automatic Weighing Machine Co..670 
Schaffer Engineering & Equipment 
Co.672 

WEIGH HOPPERS AND BASKETS 
Card, C. S. Iron Works Co., The. .371 

Jeffrey Mfg. Co., The.656 

Webster Mfg. Co.659 


WEIGHING EQUIPMENT—Auto¬ 
matic 

Automatic Weighing Machine Co..670 

Merrick Scale Mfg. Co.671 

Schaffer Engineering & Equipment 
Co.672 

WEIGHT RECORDERS—Automatic 
Automatic Weighing Machine Co..670 

Merrick Scale Mfg. Co.671 

Schaffer Engineering & Equipment 
Co.672 

WEIGHTS—Analytical 

Becker, Christian, Inc.769 

Thompson Balance Co.772 

WELDED HEADER LINES 
(See Header Lines, Welded) 

WELDERS—Electric Portable 
Allan Manufacturing & Welding 


Corp.812 

American Steel & Wire Co.335 

Davidson, O. H. Equipment Co... 354 

General Electric Co.246 

Ohio Brass Co., The.353 

Westinghouse Elec. & Mfg. Co...252 


WELDING AND CUTTING APPA. 

RATUS—Electric Arc 
Allan Manufacturing & Welding 

Corp.812 

American Steel & Wire Co.335 

Davidson, O. H. Equipment Co...354 

General Electric Co.246 

Westinghouse Elec. & Mfg. Co...252 

WELDING AND CUTTING APPA- 
RATU S—Oxy-Acetylene 

Imperial Brass Mfg. Co.813 

Oxweld Acetylene Co.816, 817 

WELDING CARBONS 
Allan Manufacturing & Welding 
Corp.812 

WELDING DONE—Acetylene or 
Electric 

Hendrick Manufacturing Co.645 

WELDING HEADS 
Oxweld Acetylene Co.817 

WELDING MATERIAL 
Allan Manufacturing & Welding 

Corp.812 

American Steel & Wire Co.335 

Oxweld Acetylene Co.816, 817 

WELL DRILLING MACHINERY 
AND SUPPLIES 
(See Drills, Bore Hole and Well) 


WHEELBARROWS 
(See Mine and Mill Supplies) 

WHEELS—Band 

Link-Belt Co.655 

WHEELS—Bull 

Card, C. S. Iron Works Co.371 

WHEELS—Crane 

Pettibone Mulliken Co.636 

WHEELS—Dump Car 
Pennsylvania Casting & Machine 
Works .349 

WHEELS—Emery 
(See Mine and Mill Supplies) 

WHEELS—Freight Car 
American Car & Foundry Co.... 356 
Pennsylvania Casting & Machine 
Works .349 

WH EELS—Locomotive 
American Car & Foundry Co 357 

Lobdell Car Wheel Co. 364 

Pennsylvania Casting & Machine 
Works .349 
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WHEELS—Mine Car, Plain and Self- 


Oiling 

(See also Cars, Mine) 
American Car & Foundry Co....357 

Baker Car Co.358 

Card, C. S. Iron Works Co.371 

Hendy, Joshua, Iron Works.360 

Kenova Mine Car Co.361 

Lake Shore Engine Works.363 

Lobdell Car Wheel Co.364 

Ogden Iron Works Co.365 

Pettibone Mulliken Co.636 

Southern Wheel Co.367 

Taylor-Wharton Iron & Steel Co. .500 

WHEELS—Roller Bearing 
(See also Cars, Mine) 
American Car & Foundry Co.... 356 

Baker Car Company.358 

Card, C. S. Iron Works Co.371 

Davidson, O. H. Euipment Co 354 

Hendy, Joshua, Iron Works.360 

Kenova Mine Car Co.361 

Lake Shore Engine Works.363 

Lobdell Car Wheel Co....364 

Ogden Iron Works Co.365 

Ottumwa Iron Works.405 

Sanford-Day Iron Works.366 

Southern Wheel Co.367 

Taylor-Wharton Iron & Steel Co..500 

WHEELS—Re-Tired and Refitted 

Lobdell Car Wheel Co.364 

Pennsylvania Casting & Machine 
Works .349 


WHEELS—Sheave 
(See Sheaves) 

WHEELS—Sprocket 
(See Sprockets) 

WHEELS—Trolley 
(See Trolley Wheels and Harps) 

WHEELS AND AXLES—Mine Car 
(See Wheels, Mine Car) 

(See Axles, Mine Car) 

(See also Cars, Mine) 

WHISTLES—Siren 
(See Sirens—Electric) 

WHISTLES—Steam and Air 
(See Mine and Mill Supplies) 

WINCHES 

(See also Supplies, Contractor's) 

Channon, Jas. H. Mfg. Co.792 

Chicago Pneumatic Tool Co.809 

Hendy, Joshua, Iron Works.401 

Indiana Foundry Co., Inc.350 

Weller Mfg. Co.660 

WINDLASSES 

(See also Supplies, Contractors') 
Indiana Foundry Co., Inc.350 

WIRE—Aluminum (Bare and Insu¬ 
lated) 

Wickwire Spencer Steel Corp.430 

WIRE—Annunciator 

American Steel & Wire Co.267 

Standard Underground Cable Co..271 

WIRE—Brass and Bronze 

American Brass Co.818 

Standard Underground Cable Co..271 

Wickwire Spencer Steel Corp.430 

WIRE—Combination Steel and Cop¬ 
per Strands 

American Steel and Wire Co.266 

WIRE—Connecting and Leading 
(See also Blasting Supplies) 

Atlas Powder Co. 555 

Du Pont, E. I. De Nemours & Co., 

Inc.558 

Giant Powder Co., Con., The.560 

Grasselli Powder Co.561 

Hercules Powder Co.563 

Illinois Powder Mfg. Co.564 


WIRE—Copper Clad 
Standard Underground Cable Co..271 

WIRE—Fixture 

American Steel & Wire Co.266 

General Electric Co.247 

WIRE—Fuse 

(See also Electrical Supplies) 
Bussman Manufacturing Co.272 

WIRE—Guy 

(See Rope—Galvanized, Guy) 

WIRE—Magnet 
(See also Electrical Supplies) 
(See also Mine and Mill Supplies) 


American Steel and Wire Co.266 

General Electric Co.247 

Standard Underground Cable Co. .271 

WIRE—Motion Picture 

General Electric Co.247 

Standard Underground Cable Co.. 271 

WIRE—Nickel Silver 
American Brass Co., The.818 

WIRE—Office 

American Steel & Wire Co.267 

General Electric Co.247 

Standard Underground Cable Co. .271 

WIRE—Ornamental 
Wickwire Spencer Steel Corp.430 

WIRE—Screen 

American Brass Co., The.818 

Wickwire Spencer Steel Corp.430 

WIRE—Slow Burning 
American Steel & Wire Co... 267, 268 

General Electric Co..247 

Standard Underground Cable Co..271 

WIRE—Steel, For Armature Binding 

American Steel & Wire Co.269 

Wickwire Spencer Steel Corp.430 

WIRE—Sub-Station 
American Steel & Wire Co.269 

WIRE—Switchboard 

American Steel & Wire Co.269 

General Electric Co.247 

Standard Underground Cable Co. .271 


WIRE—^Telephone and Telegraph 
(See also Wire and Cables, Bare and 


Insulated) 

American Steel & Wire Co.269 

Hazard Mfg. Co.270 

Roebling's, John A. Sons Co.426 

Standard Underground Cable Co. .271 

WIRE—Trolley 
(See also Electrical Supplies) 

American Brass Co., The.818 

American Steel & Wire Co.266 

Roebling's, John A. Sons Co.426 

Standard Underground Cable Co. .271 

WIRE—Trolley (Special Alloy) 
American Brass Co., The.818 

WIRE—Trolley (Used) 

Frank, M. K.375 

WIRE—Washer 

Newark Wire Cloth Co.648 

WIRE CLOTH 
(See Cloth-Wire) 

WIRE FORMS 

Wickwire Spencer Steel Corp.430 

WIRE LATHING 

Wickwire Spencer Steel Corp.430 

WIRE PARTITIONS 
Wickwire Spencer Steel Corp.430 


WIRE ROPE—Iron and Steel 

(See Wires and Cables) 

WIRE ROPE FITTINGS 
(See Rope, Fittings and Accessories) 


WIRE ROPE SHIELD 
(See Cable and Rope Dressing) 


WIRE ROPE TRAMWAYS 
(See Tramways, Aerial) 

WIRE SCREEN CLOTH 
(See Wire Cloth) 


WIRES AND CABLES—Copper 
(Bare and Insulated) 

(See also Electrical Supplies) 
American Brass Company, The...818 

American Steel and Wire Co. 

.266, 267, 268, 269 


General Electric Co.241 

Hazard Mfg. Co.270 

Roebling's, John A. Sons Co.426 

Standard Underground Cable Co..271 
Wickwire Spencer Steel Corp.430 


WIRES AND CABLES—Iron and 
Steel 


(See also Mine and Mill Supplies) 
American Steel & Wire Co. 


.416, 417, 418, 419, 420, 510 

Broderick & Bascom Rope Co.512 

Hazard Mfg. Co.422 

Leschen, A. & Sons Rope Co. .424, 425 

Macwhyte Company.423 

Roebling’s, John A. Sons Co. .426, 427 

Wickwire Spencer Steel Corp.430 

Williamsport Wire Rope Co. .428, 429 


WIRING SUPPLIES 

General Electric Co.242 

Westinghouse Elec. & Mfg. Co. 
.248, 252 

WOOD BORING MACHINES—Pneu¬ 


matic and Electric 

Chicago Pneumatic Tool Co.808 

Ingersoll-Rand Co.298 


WOOD PIPE 
(See Pipe, Wood) 

WOOD PIPE FITTINGS 
(See Fittings, Wood Pipe) 

WOOD PRESERVATIVE 
(See Preservatives, Wood) 

WRENCHES 

(See Mine and Mill Supplies) 

WRENCHES—Alligator 
(See also Mine and Mill Supplies) 


Roebling's, John A. Sons Co.426 

ZINC 

American Zinc Products Co., The. .120 
Grasselli Powder Co.561 

ZINC—Roofing and Siding 
American Zinc Products Co.120 


ZINC—Sheets (For Buildings) 
American Zinc Products Co., The.. 120 

ZINC—Sheets (For Chemical) 
Purposes) 

American Zinc Products Co., The. .120 
Roessler & Hasslacher Chemical 
Co.764 

ZINC BOXES 

National Tank & Pipe Co.713 

ZINC CHLORIDE (For Preserving 
Wood) 

Roessler & Hasslacher Chemical 
Co.764 

ZINC DISCS (For Chemical 
Purposes) 

Roessler & Hasslacher Chemical 
Co.764 


ZINC DUST 

Roessler & Hasslacher Chemical 
Co.764 


ZINC LATHES 

National Tank & Pipe Co.713 


Products Described or Illustrated in the Catalog Sections Are Shown in Black Face Type; 
Products Merely Mentioned Are Shown in Light Face Type. 


Digitized by LjOOQie 


































































































iwlilM 


SECTICW I 

Engineering, Prospecting 
and Exploration 


i^THEM 

^MININCi 

kCAlALOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


^^THE FOLLOWING MANUFACTURERS and DEALERS ^ 
fe^APE REPR ESENT ED IN THIS SECTION ^ 


Buff « Buff Mfg. Co. 
Foundation Company, The 
Gurley. W. & L. E. 

Hunt, Robert W. Co. 
Sullivan Machinery Co. 



FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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GEOLOGICAL DEFINITIONS' 


ALTERATION—A change in which part of the 
original material is removed; the term may, but 
ne^ not necessarily, imply the addition of new 
material. 

ARENACEOUS—Term applied to rocks made 
up of sandy material. 

ARGILLACEOUS—Clayey, as for instance 
argillaceous limestone. 

BANDED STRUCTURE—A term applied to 
vein formation in distinct layers or bands. This 
may be due to successive periods of deposition, to 
replacement of some earlier formation, or to move¬ 
ment and sheeting subsequent to deposition. 

BATHOLITH—^A large rock mass which has 
solidified at great depth; the rock is coarse in tex¬ 
ture due to slow cooling. 

BEDDED DEPOSIT—One which forms a layer 
or bed of a bedded formation. 

BEDDED FORMATION—One which shows 
successive beds, layers or strata, due to the man¬ 
ner in which it was formed. 

BEDDING PLANE—^The surface between two 
successive beds or strata of a bedded formation. It 
is marked by some slight change in the nature of 
the material, such as a clayey seam between lime¬ 
stone beds. 

BRECCIA—A rock formation composed of 
angular fragments. 

CHIMNEY—^A term applied to an ore body of 
much ^eater vertical extent than its dimensions 
in horizontal section, which may be roughly cir¬ 
cular or elliptical. 

CONFORMABLE!—A term applied to a later 
formation the bedding planes of which are parallel 
with those of an earlier formation. (See Uncon¬ 
formity.) 

CONGLOMERATE—A rock composed of water- 
worn material of various sizes from sand to 
boulders. 

CONTACT—The line along which an igneous 
and a sedimentary formation meet—as a “granite- 
limestone” contact. Sometimes more broadly used, 
especially in underground descriptions to designate 
any boundary. 

CONTACT DEPOSIT—One formed on or near 
a contact and presumably owing its origin to activ¬ 
ities accompanying or following an igneous in¬ 
trusion. 

CONTACT METAMORPHISM—A general term 
applied to the changes which take place along a 
contact—such as recrystallization of limestone, or 
silicihcation (producing “flints or homstones”), and 
the formation of the typical silicate minerals. 

COUNTRY ROCK—^Any rock formation which 
forms the walls of, or encloses an ore deposit. 

•“Farrell’s Practical Field Geology,” and “Spurr’s Geology 
Applied to Mining.” (McGraw-Hill Book Co.) 

t"Peele’s Mining Engineer’s Handbook.” (Wiley & Sons). 
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DECOMPOSITION—The breaking up of a rock 
or mineral into its component parts. 

DETRITUS—Detrital material, loose material 
resulting from the weathering and wearing down of 
a rock formation. 

DRAG—^Faults often cut relatively soft beds, as 
shales or shaly sandstones. Friction of the walls 
upon each other causes a downward bend in the 
beds of stationary or lifted side and an upward bend 
in those of the moving or dropped side. These 
bends are called DRAG, and show the direction of 
movement. 



DRIFT—Unsorted material transported by a 
glacier. 

ENRICHMENT—The action of natural agencies 
which increases the metallic content of an ore. 
Secondary sulphide enrichment refers to the forma¬ 
tion of new sulphide minerals which contain a 
larger percentage of the metals. 

EROSION—The wearing away of rock masses 
under the influence of water and wind. 

FAULT—A break in the rock formations ac¬ 
companied by movement of either or both sides. 

DIP FAULT—A fault the strike of which is 
parallel to the direction of the dip of faulted strata. 

NORMAL FAULT—A fault of which the 
“hanging,” or upper wall, has moved down with 
respect to the lower wall or “foot.” 

OBLIQUE FA’ULT—A fault the strike of 
which makes an angle with the directions of both 
strike and dip of the faulted formation. 

REVERSE FAULT—A fault of which the 
“hanging” (upper) wall has moved upward with 
respect to the “foot” (lower) wall. 

DIP—The angle which an inclined bed or vein 
makes with the horizontal, measured at right angles 
to the strike. 

DISSEMINATED DEPOSIT—One in which 
small patches or specks of minerals are scattered 
irregularly through the rock formation of a con¬ 
siderable area. 
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FISSURE VEIN—A common form of ore de¬ 
posit with well defined walls and roughly tabular 
shape, the length and vertical extent being great 
compared to the width. The idea commonly cur¬ 
rent that a “true fissure vein” may extend “right 
down to the center of the earth” has been dis¬ 
credited in the light of later investigations. It is 
now recognized that veins and other ore deposits 
have a fairly definite vertical extent, though it is 
rarely that mining operations are carried to such 
depth as to expose the lowest portions. 

FLOW STRUCTURE—^The traces of movement 
or currents in rock masses which solidify from a 
molten condition on the surface of the earth. The 
lavas before solidification are viscous or sticky 
liquids. 

FOLD —A form of geologic structure resulting 
from the crumpling or flexing of rock masses. 

ANTICLINAL FOLD (or ANTICLINE)—A 
fold or arch of the rock strata or beds the sides 
(limbs) of which diverge downward. 

CLOSED FOLD —A fold in which the limbs 
(sides of the arch) have been compressed till they 
are parallel. 


l•-Cro•i or Apes 



iMclinal' Folds ahowinc 
Two poosiblo Intorprtt. 
atfens of Structure. 


Fig. 5. 

ISOCLINAL FOLD—A closed fold in which the 
folded beds have the same dip. Often with a series 
of isoclinal folds the crests of the anticlines have 
been eroded and the troughs of the synclines can¬ 
not be seen, so that the true structure is hard to 
determine. 

MONOCLINE)—A fold in which the strata 
have been subjected to a simple flexure, producing 
dips in one direction and in one direction only. 

FOOT WALL (or FOOT)—The lower wall of a 
fault, vein or other form of ore deposit. 

GANGUE3—A term applied to the earthly or 
non-metallic minerals occurring in ore deposits; 
such as quartz, barite, fluorite, calcite, etc. 

GASH VEIN —A vein which does not extend 
beyond a certain bed or formation. 

GNEISSOID—A term applied to rocks of coarse 
texture which have been crushed or sheared, de¬ 
veloping bands or laminations. 

GOUGE)—Soft clayey material found in faults 
or veins, resulting from alteration of the country 
rock and crushing due to subsequent movement. 

GRANITOID TEXTURE—The texture of gran¬ 
ites, gabbros, etc., resulting from the slow cooling 
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of the rock mass and the formation of minerals 
without crystal boundaries. 

GROUND WATER LEVEI^The level at which 
permanent water is encountered at depth. The 
water level is not a plane surface, but varies with 
the character of the ground surface, rising some¬ 
what under hills and often exposed in the valleys 
except in dry regions. 

HANGING WALL (or HANGING)—The upper 
wall of a fault, vein or other ore body. 

HEAVE—In describing a fault the heave is the 
“offset” or shift of an index plane, as shown in a 
horizontal section or plan. 

HORSE)—A mass of barren material, usually 
country rock, occurring in a vein. 

HOLOCRYSTALLINE—A term defining rock 
texture in which all of the minerals are crystallized. 

IGNEOUS—A term applied to agencies in¬ 
volved in or resulting from the formation of rocks 
from molten masses; also used to designate in a 
general way the rocks which have resulted from 
the solidification of molten masses either upon the 
surface, or in the depths of the earth. Thus we 
speak of the igneous origin of certain ore deposits; 
periods of igneous activity, etc. 

IMPREGNATION—The process which results 
in the general distribution of small mineral par¬ 
ticles throughout a rock mass; for instance, “Im¬ 
pregnation of the wall rock with pyrite and other 
sulphides in small quantities is very common.” 

INDEX PLANE)—A surface of any bed, dike, 
or vein which may be regarded as a plane and used 
as a basis for measurements of fault movements. 

INTRUSION—An igneous rock mass which has 
been forced into some formation of earlier age. 

JOINT—A fracture in a rock mass due usually 
to cooling from a molten condition, or cooling and 
cracking from atmospheric changes of temperature. 

KAOLINIZATION—The decomposition of cer¬ 
tain rock forming minerals to kaolin or clay. 

LACCOLITH —A rock mass of moderate size 
roughly circular in outline, formed beneath a dome 
of overlying rocks. 

LEACHING—The solution and removal of some 
of the original constituents of a formation. 

LODE)—A form of ore deposit in which several 
veins lie close together, so that in places the ground 
between them is ore-bearing and the entire width 
may be mined. 

MAGMA—A magma is a solution of rock-form¬ 
ing elements. It is an elementary mass in which 
there has been no crystallization or separation of 
the rock-forming minerals. 

METAMORPHISM—A change in the form or 
character of the constituents of a rock, which may 
frequently, but need not necessarily, imply a change 
of chemical composition due to the addition of new 
material. Metamorphism may result in the de¬ 
velopment of gneissoid or schistose structure; or 
the formation of crystals as in the case of crystal¬ 
lized limestone. In some cases entirely neW min¬ 
erals are formed. 
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METAMORPHIC ROCKS—Those which have 
been subjected to changes in texture or chemical 
composition or both. 

METASOMATISM—Means literally the making 
over of a formation. It is the change in composi¬ 
tion through chemical interchange, by which a 
mineral or an aggregate of minerals is partially or 
completely altered. Replacement is a synonym. 

MINERALIZERS—The vapors held in an 
igneous magma which are active in the develop¬ 
ment of minerals. Such gases are steam, hydro¬ 
fluoric acid, boracic acid, etc. 

ORE—An ore is any mineral or aggregate of 
minerals containing one or more of the useful 
metals and occurring in a natural state in such 
quantities as to be the object of mining operations. 

PAY ORE—Is ore which may be mined and 
treated at a profit under existing conditions. 

NON-PAYABLE ORE—Is ore which cannot be 
extracted profitably under existing conditions. For 
instance, the disseminated copper deposits, contain¬ 
ing 1.5 per cent, to 2.6 per cent, copper, were not 
recognized as pay ores until a process of concentra¬ 
tion had been developed permitting the profitable 
extraction of the copper. Such ores were, however, 
the object of unsuccessful mining operations in 
earlier times. A gold ore assaying $10.00 per ton 
might be classed as pay ore in one mine, while in 
another mine it could not be extracted at a profit 
owing to less favorable natural conditions, or lack 
of transportation facilities. Here it would be 
classed as non-payable. Sometimes the practice 
prevails of classing as ore all the minerals that 
may be mined at a profit and calling all material 
below that grade “rock.” 

ORE SHOOT—^The richer portion of a vein or 
other ore deposit. 

OUTCROP—The portion of a formation that is 
exposed at the surface of the ground. 

OXIDATION—The formation of oxides or the 
conversion of minerals into oxidized forms by the 
addition of oxygen, usually derived from the air. 

OXIDIZED ZONE—That portion of an ore de¬ 
posit which has been subjected to the action of 
surface waters carrying oxygen, carbon dioxide, 
etc. 

PAY SHOOT—A portion of a deposit composed 
of payable ore. 

PLUTONIC ROCKS—Those which have cooled 
in the depths of the earth. 

PNEUMATOLYSIS—The setting free of vapors 
from igneous masses and the effects produced by 
such vapors. Pneumatolytic minerals are those 
produced through the agency of vapors or gases. 

PRIMARY MINERALS—Primary sulphides— 
those which retain their original form and com¬ 
position. 

PORPHYRITIC—A rock texture in which sep¬ 
arate crystals are prominent, and are surrounded 
by a mass of finer material. 

PSEUDOMORPH—A mineral retaining the 
form of some earlier mineral which it has replaced. 
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REPLACEMENT—^The process by which one 
mineral or chemical substance takes the place of 
some earlier different substance, often preserving 
its structure or crystalline form. 

ROCK—^Is a mineral or aggregate of min¬ 
erals, forming an essential part of the earth; but 
many important mineral bodies, such as ores of 
metals, are not to be considered as rocks. Of about 
1,000 species of minerals, only 20 or 30 per cent, 
are important as rock constituents. 

The three great classes or rocks are: IGNEOUS, 
solidified from fusion; SEDIMENTARY, deposited 
in water or air; METAMORPHIC, recrystallized or 
otherwise altered i^eous and sedimentary rocks, 
such that their original character has been ob¬ 
scured. Igneous rocks are believed to have been 
predecessors and source of all others. 

Most abundant elements of rock-forming min¬ 
erals are: silicon, oxygen, aluminum, iron, mag¬ 
nesium, calcium, sodium, potassium, and hydrogen; 
secondarily, carbon, chlorine, phosphorus, titanium, 
manganese, and sulphur. All other elements, even 
the familiar copper, lead and zinc, and the precious 
metals, or an abundant atmospheric gas, as nitro¬ 
gen, are comparatively unimportant. 

Chemical Composition of Rock-Forming Minerals 

Rock-forming minerals comprise silicates, ox¬ 
ides, carbonates, sulphates, chlorides, phosphates, 
sulphides and native elements. 

SILICATES are the most important, whence 
silicic acid, in various forms, is the foremost acid 
in Nature. They may be divided into two general 
classes: Anhydrous and Hydrous silicates. The 
former are combinations of silicic acids with va¬ 
rious common bases and are usually primary; the 
latter are usually formed by weathering or altera¬ 
tion of the first, containing hydrogen and oxygen 
in such proportions as to be driven off as water. 

OXIDES are next important, of which quartz 
(SiOj) and its hydrous forms stand first, being 
abundant in all the great classes of rocks. Next 
in importance are the oxides of iron, and the com¬ 
monly related oxides of titanium and chromium. 

Carbonates are important existing as carbon¬ 
ates of calcium, magnesium and iron or other com¬ 
binations. 

SCARP—A steep slope, usually formed by the 
weathering of the up-thrown side of a vertical or 
steeply dipping fault. 

SCHISTOSE —A term applied to rocks of fine 
texture which have been crushed and sheared, so 
that the original minerals or particles are flat¬ 
tened and elongated, developing thin parallel leaves 
or laminations. 

SECONDARY MINERALS—Those which re¬ 
sult from the alteration of earlier minerals. Sec¬ 
ondary sulphides are those which are made richer 
in their metallic content by the addition of ma¬ 
terial resulting from the oxidation of other por¬ 
tions of a deposit. 

SEGREGATION—^The local gathering or con¬ 
centration of particles of the same substance. 

SHEAR ZONE—^A line along which a rock 
formation has been crushed and broken or sheeted, 
but not clearly broken and displaced as by a fault. 
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SHEETING—^The development of small closely 
spaced parallel fractures. 

SHEET (or SILL)—relatively thin, flat, 
tabular intrusive mass. 

STRATIFICATION—The layering or bedding 
of a rock formation due to deposition in successive 
stages. 

STRIAE—Scratches or grooves produced on 
rock surfaces by faulting or glacial action. Also 
parallel bands seen on the cleavage faces of the 
plagioclase feldspars, caused by twinning in the 
growth of the crystal. 

STRIKE—The direction of the intersection of 
a bedding plane, or the plane of a dike, vein, or 
fault with a horizontal plane. 

STRINGER ZONE—A system of small min¬ 
eralized fractures or stringers having the same 
^6i16i*h 1 s^i'ik0« 

STRUCTURE—Those features of geological 
formations which have to do with their composition 
or building up on a large scale. Thus folding and 
stratification are structural features. 

TEXTURE—Is a term applied to the charac¬ 
teristics of a rock when studied in a detailed way. 
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It refers to the composition of specimens rather 
than of large masses. 

UNCONFORMITY —A structural feature pro¬ 
duced by the deposition of a later formation upon 
a tilted or partially eroded earlier formation. 



VEIN—A mineralized fissure; a deposit of 
slight width compared to its length and vertical 
extent. It may or may not have well-defined walls. 

VEIN SYSTEM—A term applied to the veins 
of a given area, district, or age, regarded as a 
whole. 

WASH—Loose material which has been trans¬ 
ported some distance from the source. 

WEATHERING—The change in a rock forma¬ 
tion produced by atmospheric agencies. 

ZONE—A belt or strip of any formation which 
is distinguished from adjoining portions by certain 
general characteristics. 


ELIMINATING WASTE IN 
ESTIMATING * 


A report on quantity surveying and payments 
for estimating, with recommendations to owners 
and investors, architects, engineers and contractors, 
has been approved and adopted by the American 
Institute of Architects, American Engineering 
Council of the Federated American Engineering So¬ 
cieties, and the Associated General Contractors of 
America. 

The purpose of this report is to acquaint pros¬ 
pective owners and others financially interested in 
building and other construction projects with the 
wasteful duplication and consequent expense in¬ 
volved in the preparation of estimates of quantities 
under the systems now generally in vogue. The 
recommended procedure of quantity surveying is in¬ 
tended to eliminate the present wasteful and un¬ 
economical methods by concentrating the function 
of determining and compiling the quantities and 
list of work involved in one agency for each pro¬ 
ject, this quantity survey to be submitted to all 
bidders with the plans and specifications. 

Specific recommendations are: 

1. Quantity Surveying.—Architects, engineers 
and contractors should jointly use their efforts 
to have established facilities for making quantity 
surveys. 

2. Payment for Quantity Surveying.—The 
owner should pay for the quantity survey from 
per cent, to 1 per cent, of the cost of the project 
for commercial and public work and not more than 
twice as much for residence work, whether the 
project is constructed or not. 

3. Cost of Project.—^The cost of the project 
may be defined as the accepted bid, or in cases 
where no bid is accepted, the bid of the lowest re- 

•From Mining and Metallurgy. 


sponsible bidder as determined by the architect or 
engineer. However, in cases where alternate bids 
are required, the additional payments for the quan¬ 
tity survey shall be based upon the additional quan¬ 
tities surveyed, as approved by the architect or 
engineer. 

4. Altered Plans.—^Altered plans which involve 
a change in quantities after the quantity survey 
has been made justify an addition to the original fee 
for quantity surveying. 

5. Basis of Contract.—Owners should have the 
option of: (a) Making the quantity survey a part 
of the contract; (b) permitting the successful 
bidder, at his own expense, an opportunity to verify 
the accuracy and completeness of the quantity sur¬ 
vey before the contract is signed. If he proves 
errors to exist in the quantity survey, the bidder 
shall be permitted to adjust his bid accordingly. 

6. Unit Quantities and Standards.—The sched¬ 
ule of unit quantities should Conform to local cus¬ 
toms or methods of measurement and should be so 
stated on the quantity survey. The eventual adop¬ 
tion of national standards is recommended. 

7. Guarantee.—The guaranteeing of quantities 
by a quantity surveyor is not recommended, for it 
might influence the surveyor to protect himself by 
increasing the quantities. Thd extra cost of a guar¬ 
antee would not be warranted. 

8. Existing Methods.—The cost to owners of 
preparing bids by existing methods, which make 
necessary wasteful duplication in estimating quan¬ 
tities by several bidders, is known to be much 
greater than the cost of preparing bids based on 
a quantity survey furnished by the owner, and 
therefore such existing methods are condemned and 
should be discontinued. 
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02 DIP and strike problems. 


GRAPHICAL DETERMINATION 
OF DIP AND STRIKE' 


The usual method of taking observations upon 
the dip and strike of a vein, and calculating or 
plotting of probable underground sections, is often 
about as satisfactory as a topographical map would 
be with the elevations plotted, but without 
contour lines. Any scheme, which will 
present a picture of the form and elevation 
of a vein, that can be comprehended almost 
at a glance, has many advantages over a 
collection of elevations. Nothing seems to 
accomplish this purpose better than con¬ 
tour lines. 

Finding the dip and strike of a vein 
^aphically, with the elevations of the pro¬ 
jected points shown by contour lines, is 
not only a clear presentation of the proba¬ 
ble location of the vein, but is also a more 
accurate determination of its dip than 
could otherwise be obtained. The pro¬ 
jected points in Fig. 2 may seem unreason¬ 
ably far, but the dependence that can 
be put upon the direction and continu¬ 
ation of a vein beyond accessible points, 
rests largely upon the geological character 
of the country. Although the projection 
of a vein is not to be considered too seri¬ 
ously in any event, yet its apparent posi¬ 
tion from known data is evidence upon 
which to plan development work. 

A plane passing through an uneven surface will 
cut the latter in an uneven line; the course of this 
line being dependent upon the contour of the sur¬ 
face and the angle of the cutting plane. Therefore, 
the angle of the plane can be determined by the 
course of this line of intersection, by reason of the 


fact that three points not in a straight line will de¬ 
termine a plane. Similarly, the course of the out¬ 
crop of a vein along an uneven surface determines 
the dip and strike of the vein. The accuracy is 




y.t: 1 


•'ig. 2 


greatly increased if there are shafts and workings 
to permit underground observations. When there 
are no workings on the vein, points should be se¬ 
lected at the greatest extremes, as in the bottoms 
of gulches and on the crests of ridges. 

Fig. 1 is a hypothetical case showing an out¬ 
crop over uneven ground. The points a, b, c, etc., 
are located from field notes and projected to their 
proper elevations a', b', c', etc., in a vertical plane. 
A straight line is now drawn connecting a and c. 
Another straight line, bh, is drawn in a direction 
approximately at right angles to the strike and 
intersecting the line ac. Since a, b, c, and the line 
ac lie in the same plane, therefore a line drawn 
from b intersecting any point on the line ac, also 

•R. C. Cameron in Mining and Sci. Press. 
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DIP AND STRIKE PROBLEMS. 


lies in the same plane. Hence bh and bh extended 
lie in the same plane, abc. The points a', c', are 
connected with a straight line, and the point of 
intersection h projected to h'. Then b' h' is drawn 
and extended. The lines 100, 125, 150, 175 in the 
front elevation represent horizontal planes. The 
intersections of the line b' h' with these planes are 
k and 1, which are now projected to k' and 1', and 
show the positions on the map at which the vein 
has elevations of 125 and. 100 ft., respectively, pro¬ 
dded the vein continues in the same plane as at 
abc. The same process is repeated at cde and efg, 
and the elevations determined along the lines di 
and fj extended. Points of equal elevation are 
connected with contour lines, and the dip and strike 
are thus shown along the entire surveyed course 
of the vein and at any depth that seems consistent 
with the points of observation and the supposed 
regularity of the dip. 

Fig. 2 was made two years ago of a vein with 
considerable variation of dip and strike. Subse¬ 
quent development work, however, has shown that 
it nearly coincides with these contours, which were 
determined and drawn by this method. The ad¬ 
vantages of knowing the shortest distance to a 
vein and directions in which the drifts will run, 
after the vein is reached, and of having these data 
cover the entire section of interest can be seen very 
clearly in this figure. In this case observations 
were taken in inclined shafts, so that it was neces¬ 
sary to use only two points to produce a line down¬ 
ward through the vein. A point at the collar and 
one at the bottom of each incline were determined, 
which correspond to b and h, respectively, in the 
horizontal plane, and b' and h', respectively, in the 
vertical plane of Fig. 1. 

Fig. 3 was mapped from a Brunton compass 
survey of a prospect. Construction lines by which 
the contours were determined have been omitted 
in this copy; only the results are shown. The out¬ 
crop had not been found east of the eastern ex¬ 
tremity shown on the map. The decided curves 
of the contour lines on the eastern side suggested 
the possibility of a fault, which upon later investi¬ 
gation was found to exist. A considerable dis¬ 
placement had occurred, in which that portion of 
the section shown on the map had moved to the 


north, just as indicated by the contour lines. This 
simple case serves to illustrate the advantages 



Fig. 3 


which may be derived, by this method, in working 
out geology, as well as in planning development 
work. 


TO LAY OFF AN ANGLE WITH TAPE* 


The following chart will be useful for laying off 
angles underground, when there is no compass at 
hand or on account of local attraction a compass 
cannot be depended upon. 

The chart shows how to lay off an angle from 
a point A on a line AB to the left. 

Explanation—Fasten the O end of the tape at 

A, then stretch the tape to B, a distance of 10 feet 
and fasten the 10-foot mark at B, next find the 
30-foot mark on the tape, carry and fasten it at A. 
This will leave 20 feet of slack tape between A and 

B. For an angle of 50 degrees find the 19-foot 
mark on the tape, and draw the tape tight from 


_A - 



both A and B. The tape line from A to the 19-foot 
mark will make an angle of 50 degrees at A from 
the line AB. For an angle to the right, use the 
same measurement on the right of the base line. 


AREA OF CIRCLE 




(Radius)^ X 3.1416 
or 

(Diameter) “ X .7854 
Cubic Contents of Cone 


Area of Base 


X Depth 
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0^ MINING PROBLEMS. 


Use of Descriptive Geometry in Mining” 

_i 


I. TO FIND THE STRIKE. 

As the simplest and most fundamental problem, 
let it be required to find the strike of a vein when 
the location and elevation of three points on the 
outcrop are known. It will be assumed for the 
present that the vein is a plane. 

In Fig. 4 let A, B, and C be three points on an 
outcrop, their elevations, as found by observation 
or shown by contour levels, being as noted. Con¬ 
nect A and B, B and C, giving the plan-view of 
two lines lying in the plane of the vein. If a side- 
view be drawn, as shown beneath the plan. A, B, 
and C will appear as Av, Bv and Cv, (the »-sub- 
script indicating a vertical projection), and a hori¬ 
zontal plane through A will appear as a horizontal 
line through Av. Dv, where the line BvCv cuts the 
plane, is the side-view of a point in the vein on the 
same level as A. Projecting up to the line BC, this 
point appears in the plan-view at D. Two points 
in the plan-view, such as A and D, on the same 
level and both in the vein, determine the strike. A 
saving in line-work might be made by drawing the 
line representing the side-view of the horizontal 
plane through A itself instead of through its pro¬ 
jection, Av, using the same construction otherwise. 
It is clearer, for the present purpose, to show the 
side-views separately instead of partly superim¬ 
posed. 



If a point on the outcrop at the same level as A 
can be located, as C', the line from A to C' will at 
once give the strike. A third point, B, will, how¬ 
ever, be necessary to determine the dip, as a plane 
cannot be located with less than three points. 


♦Hoe in Trans. A. I. M. E. 


II. TO FIND THE DIP. 

Having found the strike, take a side-r,ew of 
the vein looking up the strike-line. The p«/mts A, 
B, C, and D and the plan-view will appear as shown. 
The line through B'v, C'v, etc.. Fig. 4a, is the ed^ 
view or end projection of the vein, and the dip is, 
of course, the angle included between this and the 
horizontal plane. 

The dip might also be found by passing a ver¬ 
tical projecting-plane through B perpendicular to 
the line of strike, and then revolving the line of 
intersection of this plane and the vein into the 
plane of the paper. This is the characteristic 
method of descriptive geometry, but when the en¬ 
gineer wants to detail some part which stands at 
odd angle with the rest of his drawing, as, for in¬ 
stance, a hand-hole plate or a sky-light, he does not 
adhere rigidly to his right-angled projections, but 
draws an oblique view looking squarely at the de¬ 
tail, showing it directly and giving the dimensions 
without any troublesome revolvings. By taking a 
side-view up the line of strike many problems 
which otherwise might be troublesome are reduced 
to the very simplest terms. As examples of this 
take the following: 

III. DEPTH OF SHAFT. 

Given the points on an outcrop as before, how 
deep must a shaft be sunk at some point, S, to 
strike the vein? 


N 



The strike and dip having been found, we have 
the side-elevation of the vein, as shown in Fig 5. 
The point, S, from which the shaft is to be sunk 
appears as Sv at its proper elevation, and the depth 
of the shaft is obtained at once by scaling SvEv. 
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IV. LENGTH OF A TUNNEL. 

Suppose it is proposed to drive a tunnel with, 
say, a 6 per cent, upgrade from some point, T, 
Fig. 6, to the vein. Where will it hit the vein, how 
long will it be, and what will be its bearings? 

Find the strike and side-view. Project the point 
T to Tt». Draw a line, TwM, parallel to the hori- 
zontel plane, and TvN, making an angle with TvM 
corresponding to the grade. TvF» is, to scale, the 
length required. In the plan-view it is obvious that 
the tunnel will appear at right angles to the strike, 
which gives at once the bearing-angle. Project Fv 
up to meet this line, as at F, and we have the plan- 
view of the point of intersection of the tunnel and 
the vein. The elevation of F may be obtained by 
trigonometry, or more simply still by scaling the 
difference in level between Ft> and the horizontal 
plane through At». 


N 



V. LOCATION OF A TUNNEL. 

Let A, Fig. 7, be the mouth of an inclined shaft 
and 1, 2, and 3 be drifts from it, both shaft and 
drifts following the vein. B is a vertical prospect¬ 
ing-shaft of a certein depth of an adjoining prop¬ 
erty. What will be the direction and len^h of the 
shortest drift from the bottom of B to pick up the 
vein and still keep on the “B” side of the line? 

The drifts 1, 2, and 3 are presumably horizontal, 
and since they lie in the vein they are parallel to 
the strike. In the end-view they will appear as Iv, 
2v, 3v, and will determine the end-view of the vein, 
the vertical shaft, B, appearing at BvB'v. A hori¬ 
zontal line from B'v will cut the vein at Ct». The 
line XY through Cw, parallel to the levels, is the 
plan-view of the intersection of the vein and a hori¬ 
zontal plane through Bv, and any horizontal drift 
from B't) must intersect the vein somewhere along 
this line. In the plan-view the shortest drift 
would be BC'. But BC' would run out of the prop¬ 
erty. BC therefore would be the limiting position 
of the drift to have it entirely on the “B” side of 
the line. 



VI. TO FIND THE BEARINGS OF A SHOOT. 

Suppose we wish to find the bearings of a shoot 
in the vein ABC of Figs. 4 to 6. Let the shoot 
appear on the outcrop at B, Fig. 8, and have a pitch 
of 19° down toward the NE. 

A side-view of the point B will show Bv 140 ft. 
above the level of A. Any line through B with a 
pitch of 19° from the horizontal must cut the level 
of A at a distance of mn from the foot of the per¬ 
pendicular through Bv. All points in the vein on 
the same level as A lie somewhere along the strike¬ 
line. With B as a center and mn as a radius swing 
the arc XX, cutting the strike-line at sonae point, S. 
Connecting B and S, we have the bearing of the 
shoot. In the case shown we could e^ect the shoot 
to reappear on the outcrop at T. This construction 


N 



might be used to locate a possible reappearance of 
a shoot in rough country overgrown with under¬ 
brush. 
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A somewhat similar construction would give the 
bearing of a drift, lying in an inclined vein and 
itself inclined at some grade angle, say 10 per cent. 
Lay off to scale in an end-view a parallel 10 feet 
above a horizontal through Aw. Project Dw, the 
intersection of the parallel with the vein, to inter¬ 
sect an arc, yy, of 100 ft. radius swung from A, as 
at D. AD is the bearing desired. 

VII. TO FIND THE THICKNESS OF A VEIN. 

Given the outcrop and dip of the hanging and 
foot-wall”, how thick is the vein and what is the 
strike? 

Case 1.—Let the side-wall be vertical. Let the 
outcrops be as shown in the side-view of Fig. 9, 
their intersections with the ground or other hori¬ 
zontal plane being Av and Bv. In the plan the 
side-wall appears as a line. Project Aw and Bw 
to A and B. Draw any line, yy, cutting the walls 
at Cw and Dw. Through Cw and Dw draw Cwn and 
Dwn,, making the given dip angle with the hori¬ 
zontal. The perpendicular distance between these 
lines is the thickness of the vein. The strike would, 
of course, be perpendicular to the direction in 
which the dip is measured. A construction giving 
it more accurately would be as follows: Any plane 
through Cw having the given dip angle must cut 
the horizontal plane at a distance mn from m. With 
C as a center and mn as a radius swing the arc XX. 
The strike-line, AA', passes through A tangent to 
XX. BB' is parallel to AA', or it may be found in 
the same manner as AA'. 




Case 2.—Let the surface be irregular, as, for 
instance, in Fig. 9a. Let the location and elevation 
of A and B and the angle and direction of dip be 
as shown. Draw a projection-line, yy, perpendicu¬ 
lar to the direction of dip. Draw any line, zz, per¬ 
pendicular to yy. Letting Aw be the side-view of 
A, lay off the dip angle as shown. Lay off Bw on 
a projecting-line parallel to yy at a distance of 
30 ft. below zz. Through Bw draw Bwm parallel to 
Awn. The perpendicular distance between these 
lines is the thickness of the vein. 

VIII. TO FIND THE LIMITS OF AN ORE-DUMP. 

Given the location of a shaft or tunnel. A, 
Fig. 10, on a certain contour-level as shown, to find 
the outer limits of a dump formed by filling in on 
a level with A for a certain radius, say 200 ft. 

With A as a center and AD=200 ft. swing an 
arc, BC, cutting the contour-level of A at B and C. 
The area between this arc and the contour through 
A is, of course, the top of the dump. Between B 
and C the side of the dump will extend down hill a 
varying distance, depending on the angle of rest 
of the material and the contour of the surface. 
Draw an auxiliary view showing a vertical section 
of the face of the dump. The sloping side appears 
as the indefinite line, DwEw, at an angle equal to 
that at which the material “hangs up,” say 40°. 
Draw a series of levels, aa', bb', etc., corresponding 
to the contour-lines of the map, and to the same 
scale. 

The side of the dump is a portion of a cone, 
with a vertical line through A as its axis. The top 
of the dump and the various levels, being paralld 
planes, cut the cone in a sqyies of circles concen¬ 
tric with the axis. All points on the surface of the 
ground at an elevation of 980 ft. lie on the 980-ft. 
contour line, and all points on the face of the dump 
at 980 ft. elevation lie on an arc concentric with BC, 
and having a radius aa' greater than that of the top. 
Wherever this arc meets the-980-ft.-contour,.as.at 
1,1, there is a point on both the face of the dump 
and the surface of the ground. The remaining 
points, as 2,2, etc., may be located by swinging the 
arcs from A or by measuring the increase in the 
radius, as bb', etc., out from the arc BC, to cut the 
proper contour-line. Connecting the series of 
points so located, we have the completed outline of 
the dump. 

There may be places where the edge does not 
cross a contour for some distance. Any uncer¬ 
tainty as to its location may be cleared up by inter¬ 
polating on the ground and on the face of the dump, 
as shown on the shoulder of the knoll. 

With the limits located and the surface-con¬ 
tours on the face drawn, calculation of the tonnage 
becomes a mere matter of mensuration. The area 
of the dump at each level is readily obtained from 
the contours with a planimeter. Each area will be 
bounded by a circular arc along the face of the 
dump and the corresponding irregular contour-line 
where the dump is in contact with the ground. The 
volume of each layer may be found by the end- 
area method or by the prismoidal formula. 

IX. ORE-DUMP ON A PROPERTY-LINE. 

In practice the problem might easily occur in 
the reverse form. Given a point. A, Fig 11, from 
which it is desired to fill, and a property-line, XXX. 
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the intersection of each contour-line and the prop¬ 
erty-line, we obtain a series of arcs. The inner¬ 
most arc, or the one toward the uphill side, limits 
the crest. Drawing a fair line tangent to the inside 
arcs, we have the crest EFG. An arc not used, 
such as that from c, indicates that as far as c is 
concerned the crest might come out to that arc; 
but the position of that from d, further in, shows 
that before the material could be filled out to the 
outer arc it would be over-running at d. 



While the line EFG is the farthest limit to 
which the crest can be carried, it does not follow 
that the foot of the dump will run out to the prop¬ 
erty line at all points. For instance, with the ma¬ 
terial falling away at an equal angle on all sides, 
it is evident that F cannot be pushed out far enough 
to cover the extreme comer without over-running 
on both sides. A portion of the comer and also any 
high points, such as those opposite E and G, will 
remain uncovered. The outline of the base is ob¬ 
tained, as in Fig. 10, by measuring out a distance 
from the crest equal to that from the vertical in 
the auxiliary view to the intersection of the sloping 
side of the given level. Thus, to locate the point e 
on the 940-ft. contour, cut that contour with an arc 
swung from F with a radius equal to m"n", etc. 

The contour-levels on the side of the dump cor¬ 
responding to those of the ground will be a series 
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of equidistant lines, the distance between them 
being equal to the difference between the succes¬ 
sive lines m'n', mn, etc., in the auxiliary figure. 
Wherever the dump-contour and the ground-con¬ 
tour for the same level intersect there is a point 
on the outer edge or foot of the dump. 

X. LOCATION OF RIDGE FOR MAXIMUM 
CAPACITY 

If it is desired to store a maximum tonnage on 
a given space the ore must rise from the boundary¬ 
line on all sides at the angle of rest of the materi^. 
If the ground is level the sides will meet in a point 
for a square or round area, in a straight horizontal 
ridge for a rectangular area, and in a straight, in¬ 
clined ridge for an area bounded by non-parallel 
straight sides. When, however, the ground is 
broken and irregular, as is generally the case, the 
sloping sides will no longer be plane surfaces, and 
will meet in a sloping and irre^lar crest. It is an 
advantage to locate this crest in advance, for it is 
only when the material is deposited along this line 
that the maximum storage-capacity of the ground 
is utilized. This crest, then, would indicate the 
proper location for a dumping-trestle, for material 
can be filled in along this line until it begins to 
oVer-run on both sides at the same time. 

Let it be desired to cover the tract shown in 
Fig. 12, from some point, such as F, on the upper 
side. Locate F and the course of a dumping-trestle 
from which the entire tract may be filled in. Use 
the auxiliary side-view as before the work in from 
the boundary-lines, the first radii being mn, as at 
A,B,C, the second m'n’, etc. Here every fifth line 
is used, and the intermediate ones are filled in only 
along the crest where they are needed. The con¬ 
struction used will be clear to one who has followed 
the previous two problems. A contour on the dump, 
starting from C, would pass B at a distance of mn 
away, and would pass A at a distance of m'n' away, 
etc. The dump-contours located from each side will 
be found to intersect along a broken line, FHG, 
which is the crest. This line is the theoretical 
course for a trestle and may be adhered to as closely 
as is deemed desirable. A slight spur would have 
to be run to the left from a little below H as far 
as I to fill in the left-hand comer completely, but 
the capacity gained would hardly justify the ex¬ 
pense. 

XL TO PLOT THE OUTCROP OF A VEIN, 
WHICH MAY BE CONSIDERED AS A 
PLANE SURFACE. 

Descriptive geometry methods may be used to 
determine the probable outcrop of a vein. First, 
let the vein be free from faults and foldings, and 
the strike and dip be known for some definite posi¬ 
tion, as A in Fig. 13. Draw an end-view looking 
up the strike-line. For convenience, let this end- 
view be drawn with the line XX through A per¬ 
pendicular to the strike as the horizontal plane 
through A. Let the series of lines parallel to XX 
be the end views of the horizontal planes cor¬ 
responding to the contour-lines of the map. If a 
number of parallel planes be cut by a common 
secant plane, the resulting intersections form a 
series of parallel lines. The lines aa', bb', etc., 
projected up from the intersection of the vein and 
the various levels, are in reality the contour-levels 
for the vein, which in this case becomes a series of 
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parallel lines. Wherever, therefore, the line AA' 
and the 710-£t. surface-contour cross, we have a 
point in the vein and on the surface of the ground; 
that is, on the outcrop. Similarly, the intersections 
of the line aa' and the 700-ft. contour give points 




on the outcrop. By locating these intersections for 
each level and connecting them up we have the 
outcrop. This method can be used only for com¬ 
paratively small areas where the vein may be con¬ 
sidered as a plane surface. When the vein is 
faulted to any great extent the treatment becomes 
complicated, so much as to preclude its considera¬ 
tion in this paper. When the vein is continuoas 
but folded, as, for instance, a coal-seam, a method 
of determining the outcrop may be used, which is 
illustrated in Figs. 14 to 16. 



XII. TO DETERMINE THE OUTCROP OF A 
FOLDED VEIN OR SEAM. 

Let Fig. 14 be a contour-map of an area on 
which an irregular outcrop has been partly located, 
as, for instance, at the stations marked with an X. 
At various other points, as 6, 9, 11, 19, drill-holes 
have been sunk and the seam located at the depths 
noted. The form of the folded seam may be deter¬ 
mined if we can establish its contour-lines cor¬ 
responding to those on the surface, and where these 
seam-contours intersect those of the surface of 
equal elevation we have points on the outcrop. 

For the sake of clearness, we will gather all the 
information available into a separate illustration. 
Fig 16. This gives us stations 1 to 19, with the 
elevations of the surface of the seam for each, as 
noted. A general inspection shows that there is a 
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syncline near the middle of the tract, the depres¬ 
sion running NE-SW., since stations 8, 9, 10, 11, 
12, 13 are all at nearly the same level. Assuming, 
for a start, that the dip from the higher points, as 
16, 17, 18, etc., toward the depression is substan¬ 
tially constant, lines may be drawn connecting the 
stations, and the elevations at the contour inter¬ 
vals may be interpolated, as on lines 13-16 and 
13-18. Where necessary the levels may be extra¬ 
polated, as on the extensions of lines 8-16 and 
12-18, but points so located are, of course, not so 
reliable as the interpolations. They aid, however, 
in obtaining the general direction of the contours, 
and as the seam has been eroded at these points, 
great accuracy is not needed. 

In this way a series of points of equal elevation 
are obtained for both sides of the depression. The 
auxiliary lines, such as 12-18 and 9-16, which are 
substantially perpendicular to the depression, will 
be steeper, cross more contours, and give more re¬ 
liable interpolations than lines more nearly parallel. 
In interpolating with these lines care should be 
used that they connect stations on the same side of 
the depression, as, for instance, 11-17. Station 12 
is probably on the same side as 17, but 11 may be, 
and in fact is, on the other side. This may be de¬ 
termined as follows: The points on the 660 and 
660-ft. levels line up well except those marked with 
a cross-bar on lines 11-17 and 7-12. Rejecting 
these two sets and connecting the others, we have 
the broken lines ab and ac, which give the general 
location of two 650-ft. contours. Assuming that 
the trough lies midway between these lines, we 
obtain the dotted line ad as its location. If now we 
take a new point, 11', on the opposite side of ad 
and at the same distance from it, and interpolate 
the line ll'-17, we obtain points agreeing well with 


the others. In like manner, a new set of elevations 
may be obtained from the lines 7-12, 8-16 and 6-10. 

Connecting the various points of equal eleva¬ 
tion by curves, we obtain seam-contours, as shown 
in Fig. 16. If these seam-contours of Fig. 16 be 
superimposed on the surface-contours of Fig. 14, 
we will have a series of points where contours of 
equal elevation intersect, which will determine the 
irregular outcrops, ABCD and EF of Fig. 16. The 
shaded portions indicate the areas under which the 
seam lies. Elsewhere it has weathered away. The 
probable depth of the seam at any poin may be 
obtained by subtracting the elevation of the seam 
from that of the surface, as indicated by the re¬ 
spective contours for that point. For instance, at 
G the depth is 690 ft. less 666 ft., or 36 ft. 

The value of this contour-method, where the 
outcrop is overgrown or obscured by soil, is obvious. 
An excellent example of its application will be 
found in the Masontown Folio of the U. S. Geolog¬ 
ical Survey, where structure-contours have been 
drawn on the upper surface of the Pittsburgh coal- 
seam, showing its elevation above sea-level. Over 
large portions of this area the coal has been eroded. 
Where observations were obtainable a stratum was 
observed to maintain a substantially constant inter¬ 
val below. This lower stratum was but little 
eroded, and was used to obtain the theoretical posi¬ 
tion of the eroded portion of the coal-seam. A 
number of hills, high enough to pierce the seam 
thus located, were found to contain portions where 
its presence would not otherwise have been sus¬ 
pected. This indirect method of using parallel 
strata was also utilized where the seam lay too 
deep for observation direct, in this case the stratum 
being above the seam. 




DETERMINATION OF MERIDIAN. 


Fig. 17 illustrates how parallel strata may be 
used to corroborate and supplement direct data. 
This use of parallel strata has been described by 
M. R. Campbell in T. A. I. M. E., Vol. 26, p. 298. 

The direct data of the upper section, Fig. 17, 
give only three points on the seam, which is every¬ 
where obscured or eroded. If the intervals beween 
I. and II., and II. and III. in the columnar section be 
established, and if I. and III. be located at various 
outcrops, as shown in the lower section, then the in¬ 
tervals may be set off from these outcroppings, and 
will greatly increase our information on the surface 
to be contoured. 
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Determination of the Meridian 


The true meridian may be determined by a 
direct observation on the sun by the single-altitude 
method. 

In order to make an observation on the sun it 
is necessary to have a prismatic eyepiece with a 
colored shade. 

Description of the Single Altitude Method by 
Direct Observation on the Sun 
To take the observation, set up the transit over 
some station, and with the verniers set at ^ero, 
sight to some defined station or mark. Unscrew 
eyepiece cap and screw on prismatic 

® eyepiece. 

Loosen the upper clamp, and with 
the telescope direct, foresight on the 

_sun, bringing its image tangent to the 

cross-hairs in the upper right-hand 
quadrant as shown in Fig. 18. Record 

© the time, horizontal and vertical angles. 

Then bring the image of the sun tangent 
■ to the cross-hairs in the lower left-hand 
quadrant as shown in Fig. 19. Record 
the time, horizontal and vertical angles. 
Figs. 18 Call this operation Set I. 

Loosen the upper clamp and with the 
telescope reversed, take two readings as before but 
with image of sun tangent to cross-hairs as shown 
in Fig. 20, Set II. 


Complete Sets III and IV as shown in Fig. 20. 

k. Telescope direct. L 

l . Telescope direct.—P- 


Mark. Telescope direct. 
Sun. Telescope direct. 

Sun. Telescope direct. 


Sun. Telescope reversed. 
Sun. Telescope reversed. 
Sun. Telescope reversed. 


Sun. Telescope reversed. 


Sun. Telescope direct. 

Sun. Telescope direct. 
Mark. Telescope direct. 


Setll 

_4l. 

Set III 

“ 4 “ 

Set IV 


Fig. 20 shows program for making a complete 
observation. 

The mean time, the mean horizontal angle, and 
the mean vertical angle as found from results will 
be used in the* computations. 


The formula for computing the azimuth is as 
follows: 

Cotan 1/^ A = 

V Sec S, Sec (S^P), Sin (S — H), Sin (S — L). 

Where A is the angle between the south and 
sun; 

P is the north polar distance of sun 
(90° =*= declination); 

H is the altitude of sun, corrected for 
refraction; 

L is the latitude of station; 

S is 1/2 (P + H-f-L). 

Computations are. most conveniently made on 
following form. Fig. 21. 

Practical suggestions: 

The observation should be made when the alti¬ 
tude of the sun is near 30 degrees for best results, 
and the best time of day is between 8 to 10 A. M. 
and 2 to 4 P. M. 

With eight pointings on the sun in manner de¬ 
scribed as above, instrumental errors, error in find¬ 
ing center of sun as judged by eye, are eliminated. 

Time between readings should not vary above 
1 minute, or should be taken as near together as 
possible in each set. 

Instead of setting verniers at zero, at begin¬ 
ning of observation, same azimuth may be used as 
carried on a line of survey between two traverse 
stations. 

Instrument should be in good adjustment and 
focus sharp. 

With careful work an observation will give a 
mean result with an error much less than one 
minute. 

To take check-observations, one should be taken 
in the morning and one in the afternoon, or on 
different days. 

A simpler formula used by many progressive 
engineers is 

Sin Decl 

Cos Bearing --Tan Lat Tan Alt 

Cos Lat Cos Alt 


MINING CATALOG 


SECTION I 


Digitized by 


Google 
















rj2 SOLAR OBSERVATION BLANK 


ASZMUTX OOMFUTATZOV nOM MOJbAM OBSJOlYATZOm 

Latitude.-•-'-" N.; Longitude,-•-'-B. 

Survey,^--Station occupied,-Date,-19— 


Cot- H A _ g^ g,g^ (S —P), Sin. (S —H), Sin. (S —L). 

Where A is the angle between South and Sun. 

P is the North polar distance of Sun (90* =fc Declination.) 
H is the altitude of the Sun, corrected for refraction. 

L is the Latitude of Station. 

S is H (P + H + L). 


Description of Mark: 


Sums . 

Mean .. 

Parallax and refraction. 
True altitude = H. 


Local M. Time of observation. 
Longitude in time. 


Greenwich M. Time of observation. 

Interval from Gr. Noon. 

Hourly difference. 

Total difference. 

App. Declination at Gr. Noon. 


Corrected Declination. 
90*=b. 


N. Polar Distance = P. 

H. 

L. 


2S. 


SET I 

SET II 

1 SET III 

SET IV 

—j^Tim* 

ol 

1 

•Time 

_lo 

1 

Time 

ol 

1 

-Time 

^ Time 

1 

Time 

1 

Time 

1 

-Time 



|0 


_ 


|o 


HbrtMDUl 

Vertical 

! HoriaoDtal 

1 

Vertteal 

HorliODtal 

Vertical 

Horlsontal 

Vertical 

Anglei 

Anflei 

Anflei 

Anflei 

Anflei 

Anflei 

Anflei 

Anflei 


_ 



1 

1 




1 

1 




1 




S. 

P. 


S —P. 


S. 

H. 


S —H. 


S. 

L. 


S —L. 


Log. Sec. 

S. 

i^og. Sec. 

S —P. 

Log. Sin. 

S —H. 

Log. Sin. 

S —L. 


Log. Cotan.* 

Log. Cotan. 

% A. 

A. 

Azimuth of Sun.... 
Angle Sun to Mark. 


% A. 
A. 


Azimuth Station to Mark. 

Azimuth, Set II. 

Azimuth, Set III.. 

Azimuth, Set IV. 


Divide by.4 


Average Azimuth Station to Mark. 
Bearing Station to Mark. 


In A. M. Azimuth of Sun is 360° minus A. 

In P. M. Azimuth of Sun is A. 

If Mark is to left of sun, horizontal angle is to be sub¬ 
tracted; if to right, it is to be added. 

Magnetic Declination is-“-' 
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LAYING OFF MINE CURVES. 7 ^ 


Laying off Mine Curves 


The degree of accuracy in laying off curves in 
the mine may depend upon the importance of the 
location, or possibly upon the means at hand. 
Transportation has now become so vital a factor in 
the attaining of large outputs that the importance 
of smooth easy transitions between tangents is 
clearly understood, and well laid out curves have 
become a standard requirement at all carefully 
managed mines. 

Frequently curves are laid off in mines by 
approximate methods, such as the set-in-the-dark 
method; by board template, 10 feet long, with a 
middle ordinate; string and offset method; graphic 
method, etc. The most dependable method is with 
the transit, using offsets and deflection angles. Its 
use insures regularity of curvature, particularly for 
curves of long radii. In addition to the two tables 
showing curve data, two methods of doing the work 
are here shown. 


To Locate a Curve With a Tape by Offsets 

Since 10 foot chords are a convenient length, we 
will assume this length to apply in the problem to 
be assumed. The tangent offset, a, for a 10 foot 
chord, c, and radius, R, is found by means of the 
formula, 

c* 10 X10 50 

a = _ =-= — ( 1 ) 

2R 2R R 

Having determined the value of a, the procedure 
will be as follows: (see the figure; also see Table A 
for values of a, given for various chord lengths and 
radii). 

(a) Locate the point of curve, P.C., by meas¬ 
uring back from the frog a distance equal to twice 
the gage times the frog number ( 2 gn). 

(b) Measure 10 feet from P.C. on the straight 
rail; offset the distance, a, and thereby locate B, 
which is also 10 feet from P.C. 

(c) Prolong the line P.C. — B 10 feet more to 
D; offset the distance, 2 a, to C. 

(d) Locate E and points beyond in the same 
manner as C. 

The number of chords to be located is deter¬ 
mined by the length of curve, L. This may be found 
by use of the formula: 

100 I 

L =- (2) where 

D 

I = intersection angle of tangents 

5730 

D = degree of curve =- (3) 

R 


Assuming for example, a 50 foot radius curve 
and the two connecting entries to be running at 
right angles, we have, 

1 = 90 deg. 

5730 

D =-= 114.6 

50 

100 X 90 

Then L =-= 78.6 feet 

114.6 

There would then be seven full chords of 10 feet 
and a final sub-chord of 8.6 feet. Then offset, a^, 

for the sub-chord is found by formula ( 1 ) to be, 

8.5 X 8-5 

a j -- .72 ft. = 8.64 inches 

2 X 60 

The offset for a full chord of 10 ft., according to 
the same formula, or according to Table A, is 

10 X 10 


a =-- =lft. 

2X60 



To locate the tangent point, P.T., of curve, pro¬ 
long line GH a distance of 8.5 feet to the point J. 
Measure the sum of the two offsets, a -j- aj = 

12 -|- 8,64 = 20.64 inches at right angles to line 
GHJ and the result will be the P.T. or end of the 
curve. 
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LAYING OFF MINE CURVES, 


To Locate a Curve With a Transit by Deflecti<m 
Angles and Offsets 

Assume once more a curve of 50 foot radius and 
10 foot chords. Proceed as follows: 

(a) Set the transit at station P.C. 

(b) Set the vernier at O. 

(c) Backsight on Station N (last station) and 

reverse. 

(d) Set off the proper deflection angle, taken 

from Table A for a radius of 60 ft. and 
a chord distance of 10 ft. 

(e) Measure off P.C. — B = 10 ft. 

(f) Prolong line P.C. — B 10 feet to D and lo¬ 

cate point C on curve at distance, 2a, 
from D (see Table A for value of a). 

(g) Set off a total deflection angle of three 

times the initial deflection angle = 
3 X 6® —44'= 17° —12'. 

(h) Measure CE = 10 ft. 

(i) Locate K by turning off four times the 

initial deflection angle, and measuring 
10 ft. from E. 


It now becomes necessary to transfer transit to 
station K. Before moving the transit, unclamp the 
lower motion. After setting up at K, proceed as 
follows: 

(j) Check the vernier to be sure the plates have 
not moved and backsight on station P.C. 


Plunge the telescope and bring the 
vernier to O reading. 

(k) From station K, locate the remaining chords 
up to H in exactly the same manner as 
was used at station P.C. 

The number of chords is derived as already ex¬ 
plained in the first method of laying out a curve, 
and is found to be seven full chords and a final sub¬ 
chord of 8.6 ft., reaching from H to the end of 
curve, or P.T. The formula for finding the sub¬ 
deflection angle of a sub-chord is, 

d cD 

— =-, where 

2 200 

d 

— = sub-deflection angle 

2 

c = sub-chord 

D = degree of curve 

d 8.5 X 114.6 

then — =-= 4.87° = 4° — 62'. 

2 200 

4° — 62' is therefore the final set off on the 
vernier to bring it on sight with the P.T., which is 
then definitely located by measuring 8.6 ft. from H. 


Since angle I — P.C. — P.T. = angle I — P.T. 
— P.C. = 14 I, a check on the mathematical work 
is furnished. In the problem here assumed, the in¬ 
tersection angle I is 90 deg.; ^ I is then equal to 
46 deg. Adding 7 times the angle 6° — 44' plus the 
final sub-deflection angle of 4° — 62', we have a 
total of 45 deg., which proves our work. 


TABU A. BBraBOTZOV ABOUS ABB OFTSBTB FOB OUBVBS OF SXAXB BAOrUS 


RADIUS 

II 

10 ' 

II 

20 ' 

11 

30' 

II 

:i 40' 

II 

II 50' 

II 

60' 

'1 70' 


li 

Deflect. 1 

Offset II 

Deflect. 1 Offset 

il 

Deflect. 1 

Offset j 1 Deflect. | Offset 

Ij Deflect. 1 

Offset M 

Deflect. 1 Offset 

II 

Deflect. 1 Offset 

CHORD 

Angle 1 

a ll 

Angle 1 a 

II 

Angle 1 

a il Angle | a 

ll Angle 1 

a II 

Angle 1 a 

II 

Angle 1 a 


5 

1 

ft. 1 

14“29' 

15" 

7*11' 

7%" 

1 

1 4*47' 

5" 1 

3*35' 

1! 

3%": 

1 

I 2*52' 

3" 1 

2*23' 

2%" 

1 

2*03' 1 

2! 


10 

ft.1 

30*00' 

60" 

1 14*29' 

30 " 

9*36' 

20" 

7*11' 

15 " 1 

5*44' 1 

12" 

4*47' 

10 " 

4*06' 1 

81 


15 

ft.1 

48*35' 

135" 

1 22*01' 

67%" 

14*29' 

45" 

10*48' 

33%" 

' 8*38' 1 

27" 

7*11' 

22%" 

6*09' 

19i 


20 

ft. 1 

30*00' 1 

120 " 

I 19*28' 

80" 

14*29' 

60 " 1 

I 11*32' 

48" 

9*36' 

40 " 

8*13' 

34^ 


25 

ft. 



38*41' 

187%" 

124*37' 
30*00' 

125" 

18*13' 

93%" II 

I 14*29' 

75" 

1 12*01' 

62%" 

10*17' 

631 


30 

ft. 



180" 

22*01' 

135 " 1 

17*27' 

108" 

14*29' 

90 " 

12*22' 1 

771 


35 

ft. 





35*41' 

245" 

25*57' 

183%" 1 

1 20*29' 

147" 

16*57' 

122%" 

14*29' 

105 


40 

ft. 





30*00' 

240 " li 

23*35' 

192" 

19*28' 

160 " 

16*36' 1 

137%" 

45 

ft. 






II 

1 34*14' 1 

303%" 1 

26*45' 

243" 

22*01' 

202%" 

18*45' 

1731 

It" 

50 

ft. •_ 







1 1 

30*00' 

300" 

24*37' 

260 " 

20*65' 1 

214^ 

I?" 







1 






1 

1 





II 


— n — 


II 

11 



II 


II 


RADIUS II 

0 

00 

90' 

II 

100' 

II 

125' 1 

150' 

200' 

II 

250' 

:i 

300' 


I Deflect. 1 Offset 

1! 

Deflect. 

1 Offset 

(1 Deflect. 

1 Offset 

II 

Deflect. 

1 Offset 

|| Deflect. 

1 Offset 1 

|| Deflect. 

1 Offset 

j 1 Deflect. 

1 Offset II 

Deflect. 1 Offset 

CHORD 11 Angle | a 

II 

Angle 

1 a 

11 Angle 

1 a 

II 

Angle 

1 a 

il Angle 

1 a 

1 i Angle 

1 a 

11 Angle 

1. a II 

Angle j a 


f 

5 ft. . 

1*47' 

1%" 

1*35' 

1%" 

1*26' 

1 

1%" II 1*09' 

1M>" 

1 0*57' 

1" ll 0*43' 

%" 1 

0*34' 

%" 1 

0*29' 


10 ft. . 

3*35' 

7%" 

3*11' 

6%" 1 

2*62' 

6 " l| 2*17' 

4%" 

1 1*54' 

4" II 1*26' 

3 " 1 

1*08' 

2%" i 

0*57' 

2 " 

15 ft. . 

5*23' 

16 %" 

4*47' 

15 " 1 

4*18' 

13%" 1 3*26' 

10 %" 

1 2*52' 

9" II 2*09' 

6%" 1 

1*43' 

6%" j 

1*26' 

4%" 

20 ft. . 

7*11' 

30 " 

6*23' 

26%" 1 

6*44' 

24 " 1 4*35' 

19%" 

1 3*49' 

16" 1! 2*52' 

12 " ! 

2*17' 

9%" i 

1*54' 

8 " 

25 ft. . 

8*59' 

46 %" i 

7*59' 

41%" 1 

7*11' 

37%" ll 5*44' 

30 " 

4*47' 

25" l| 3*35' 

18%" 1 

2*52' 

15 " 1 

2*23' 

12%" 

30 ft. 

10*48' 

67 %" 1 

9*36' 

60 " 1 

8*38' 1 

54 " ! 6*53' 

43%" 

5*44' 

36" 1! 4*18' 

27 " 1 

3*26' 1 

1 21%" |! 

2*52' 

18 " 

35 ft. .1 

12*38' 

91%" 1 

11*13' 

81%" 1 

10*05' 1 

73%" 1 8*03' 1 

58%" 

6*42' 

1 49" II 6*01' 

36%" || 

4*01' 

1 29%" i 

3*21' 

1 24%" 

40 ft. . 

14*29' 

120 " 1 

12*50' 

106%" 1 

11*32' 1 

96 " r 9*12' 1 

76 %" 

7*40' 

1 64" ll 5*44' 

48 " ' 

4*35' 

38%" h 

3*49' 

1 32 " 

46 ft. . 

16*20' 1 

151%" 1 

14*29' 

135 " 1 

13*00' 1 

121%" ll 10*22' 

97 %" 

8*38' 

81" 11 6*27' 1 

60%" 1 

6*10' 

48%" H 

4*18' 

|40%" 

60 ft. . 

18*13' 

187%" 1 

16*08' 

166%" ' 

14*29' 1 

1 150 " 1' 11*32' 1 

120 " 1 

1 9*36' 

1 100" II 7*11' 

75 " i 

6*44' 

60 " il 

4*47' 

50 " 

! 

1 



1 1 

I 

II 1 

1 

1 

_j_! 

ll 


11 
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EARTHWORK CALCULATIONS, yg 


Methods of Earthwork Calculations* 


The following methods are those commonly 
used in railroad work for these calculations and the 
limitations of each class as given have been proven 
by the calculation of millions of tons of earthwork 
in practice and checked by subsequent excavation. 
These methods are applicable to all tonnage calcu¬ 
lations likely to be encountered in mining practice, 
whether on the surface or underground. 

In all of the examples shown the cuts will have 
a base of 20 feet and a side slope of 1 to 1, and the 
fills will have a base of 18 feet with a side slope of 
11/2 to 1. 

Class 1. Average End Area Method. This 
method is used where there is no unusual warping, 
or irregularity to the surface of the ground, and 
the larger end area is not more than four times the 
smaller end area. This method is to average the 
areas and multiply by the length of the mass, and 
if desired in cubic yards divide by 27 (no. of cu. ft. 
in 1 cu. yd.) 




Area = 10(2.8 4- 6) + 4.2(12.8 + 16) 


= 104.48 sq. ft. 


Bta. 57 + 00 

Area = 10(7.2 + 6.9) + 8(17.2 + 16.9) 


2 

= 197.90 sq. ft. 

Vol. = (104.48 + 197.90) X 23 


2 

3477.37 cu. ft. = 128.79 cu. yds. 


Class II. Where there is an unusually irregular 
surface, or the larger end area is more than four 
times the smaller, then compute the volume by the 
Prismoidal Formula, which is as follows: Add four 
times the middle area to the end areas and multiply 
by one-sixth of the len^h. 

The middle section is constructed by interpola¬ 
tion, as shown by the figures in the circles. 

f 3X4.1 


Sta. 96 + 35 


9.6X7.1 
2 


34.08 


Middle Area 


Middle Area. 

8ta. 96 -f 08 

End Area... 


End Area.= 295.30 

4times Middle Area = 592.32 
End Area.= 30.00 


3X3.7 

2 “ 

5.56 

6.66 X 6.7 

2 “ 

18.98 

6.65 -f 4.76 

-X 7 = 

2 

36.40 

4.75 -f 6.6 

X8 = 

2 

46.00 

6.5 X10.4 

2 “ 

33.80 

2X8.4 

2 

8.40 


148.13 

30.00 

10(3.3 -f 2.7) 


= 917.62 X 17 = 16600.4 cu. ft 
= 577.92 cu. yds. 



End Area = 

(Solved by series of triangles 
and trapezoids) 


End Area 


9.6 -f 9.5 

-X7 = 66.85 

2 

9.6 + 11.3 

-X8 = 83.20 

2 

11.3X16.1 

- = 90.97 

2 

2 X 14.1 

- = 14.10 

2 - 

. = 295.36 


Class III. Where cuts and fills come to grade 
and have no area at one end, or where embank¬ 
ment ends, as at bridge openings, use the Wedge 
and Two Pyramid Method. The cubic contents of 
pyramids are found by multiplying the area of the 
base by one-third the height, and wedges (as we 
use them) by multiplying the area of the base by 
one-half the height. In the wedges take the aver¬ 
age height of fill multiplied by the width of road 

•As Used on O. & W. R. R. 
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yg EARTHWORK CALCULATIONS, 


bed for the area of the base. This is to be used 
only when one end of the mass has no area. If 
the small end has some area the prismoidal 
formula applies. 

INTBRPOIiATB SIDE HEIGHTS OF WEDGE 

l.B + 1.2 + 2.6 

Average height =- =1.76 

3 

1.76 X 18 = 31.68 = area of base 
13 

Vol. wedge = 31.68 x— = 205.92 cu. ft 
2 

/1.5x2.4 2.6x5.1\ 13 

Vol. of pyramids = I-1- lx — 

\ 2 2/3 

= 36.53 cu. ft 

Then Volume = 205.92 -f 36.53 = 242.45 cu. ft 
= 8.98 cu. yds. 



Class IV. Where cuts and fills meet on the bias 
of the surface and grade point is met with on one 
side before it is on the other, the Simple Pyramid 
Method should be used. Multiply the end area (or 
base) by one-third the length (or perpendicular). 
Unless there is a change in the surface lines be¬ 
tween the points, it is only necessary to take cross 
sections at the point where the side lines of the 
roadbed come to ^ade. But all quantities in cuts 
must be figured with the apex at grade 10 feet out 
from the center, while quantities in fills must be 
figured with apex at grade 9 feet out. 


SPECIMEN FORM FOR CONTRACTING 
DRILLING 

(Information Doslrod by Mannfaotnroni) 

When Inquiring about the cost of Diamond Core Drilling 
give the following information: 

Definite location of work. 

Name of nearest railroad and distance from property. 

Distance and character of nearest accommodations for crew—. 

Are teams available and at what price per day?. 

Is fuel available at prospect?. 

What kind and at what price?. 

What mineral is to be prospected for?. 

If underground, state depth and available working space and 
whether there is sufficient power available at location of drill. 
(For efficient service underground we should have 
90 pounds of air at the drill.) 


If electric current is used, please state whether alternating or 
direct, and voltage, phase and number of cycles. 

Are holes to be vertical or angle?...;. 

If angle, state degree of angle from the horizontal. 

Character and probable depth of overburden. 

Character and kind of rock to be drilled. 

Is formation solid or broken?. 

Probable number of holes. 

Greatest depth in any one hole... 

Minimum amount of footage you guarantee. 

Distance and nature of nearest water supply. 

When do you wish work begun?. 

Will you have superintendent or representative at the location? 


SPBCZFZO YO^UMB OF ROOKS AVD MZHBSA&8* 


Material 

Weight per 

Cu. Ft. 

Cu. Ft. per Ton 
of 2000 Lbs. 

Quartz . 

165.62 

12.07 

Andesite .. 

165.62 

12.07 

Oranito . 

162.62 

12.30 

Diabase . 

181.25 

11.30 


171.87 

11.68 

Dolomite . 

178.12 

11.28 

Slate . 

162.62 

12.07 

Sandstones . 

162.50 

12.30 

Rhyolite . 

156.25 

12.80 

Arsenical Pyrites . 

371.87 

5.37 

Chalcopyrlte .. 

262.50 

7.61 

Rornlte . 

821.87 

6.21 

Malachite .. 

247.50 

8.04 

Axurite . 

237.50 

8.42 

Chrysocolla . 

132.50 

15.09 

Magrnctite . 

375.62 

6.33 

Hematite . 

306.25 

6.53 

Pyrite . 

812.50 

6.40 

Galena . 

468.75 

4.27 

Cinnabar .. 

531.25 

3.76 

Zinc-blende . 

253.12 

7.90 

Tin Oxide.'.... 

418.75 

4.77 




Bxample —To find the number of cubic feet per ton of an 
ore containing 94% quartz, 4% iron pyrlte, 2% galena: 


Quartz 

Pyrite 

Galena 


0.94 X 12.07 = 11.34 
0.94 X 6.40 = 0.25 
0.02 X 4.27 = 0.08 


Do you wish a geological report?. 

Do you wish our geologist to select location for drill holes and 
direct the drilling?... 

Do you wish us to be responsible for proper classification of 

materials, or only drillman’s report?. 

Do you wish us to do any assaying?. 

Do you wish us to make final report on property based upon, 
drilling? . 

Do you wish us to do the surveying of property?. 

Parties responsible for work?. 


NOTE—The exploring, engineering, geology and assaying 
can be combined in one report, if so desired, or the drilling 
can be done Independently of any of the other departments. 


Remarks: 


11.67 


Making allowance for porosity, this ore may be considered 
to occupy 12 to 13 ft. of space per ton. 

•Janin’s Engineer’s Examination and Report Book. Courtesy E. J. Longyear Co. 
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DRILLING RECORD BLANKS. 


DIAMOND DRILLING RECORDS 


THE CLEVELAND-CLIFFS IRON COMPANY, 
Ishpemintr, Michigan. 

RECORD OP DIAMOND DRILLING. 


Where Working: 
Section:. 


Total depth of hole per last report. 

Moving and setting up. 

Drove.inch stand pipe. 

Drilled with chopping bit. 

Drilled with diamonds. 

Reamed from.to.ft. 

Lowered.inch casing to.ft. 

Total Depth of Hole. 


Kind of Material: 


Bit No. 
Bit No. 


Number of Men: 


Report delays, accidents, etc. 

Fig. 8. Report Form for‘Record of Diamond-Drilling. 
(Original size, 5 by 8.5 in.) 


THE CLEVELAND CLIFFS IRON CO. 

DAILY REPORT OP DIAMOND DRILLS. 

Ishpeming, Mich.,.19... 

Hole Feet Total 

Section No. Date Drilled Depth Material Remarks 



THE CLEVELAND-CLIFFS IRON CO. 

RECORD OF DIAMOND DRILLING. 

Dlstrlct\. 

> State... .T. . .R. . .Sec. . .Hole No. ... Location: 


.Course: ....Drilled by whom.wlt>'. 


Feet Hours 


Core 



Becorered 



Nol - Stand 

Total Kind of Begins 

Dip of 

Hours Pipe 

Drilled Depth Material at 

Strata 

Ft la. 





Fig. 12. Loose-Leaf Page for Records of Diamond-Drilling. 
(Original size, 14 by 16 in.) 


I Feet Size | Hours 

Bit No.1.1. Lease 


THE CLEVELAND-CLIFFS IRON CO. 

ANALYSIS OF CUTTINGS AND CORE. 

District /. 

Mine I. 

\ State.. .T. . .R . .Sec. . .Hole No. . .Location : 

Option \ . 


\ Determined by ... 192. Elevation of Collar. 

Prom To Iron Pbos. 



Fig. 13. Loose-Leaf Page for Record of Analysis. 
(Original size, 14 by 16 in.) 


.Runner. 

.Helper. 

. Setter. 

. Foreman. 


THE CLEVELAND-CLIFFS IRON CO. 

.i.Exploration. 

.Section. Township. North Range. West. 

□ Test Pit^ ^ Dmmond Drill Holes showing Lean Ore. 45-5(^. 

O Stand Pipes. Q Diamond Drill Hole* showing second class Ore. 50-67A 

^ Diamond Drill Holes. #Di«nond DrUl Holes showing Ore. Above 57^ 



Fig. 14.—Loose-Leaf Tracing-Cloth Form for Plan of 
Fig. 11. Form for Daily Report of Diamond-Drills. Explorations. 

(Original size, 8.5 by 11 in.) (Original size, 14 by 16 in.) 

E. E. White, Trans. A. I. M. E., Vol. 44. 
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DRILLING RECORD BLANKS. 


DIAMOND DRILLING RECORDS—Continued 

THE CLEVELAND-CLIFFS IRON CO. 


Township. North Range. 

Scale l'' = 50'. 


.Exploration Diamond Drill Holes 
.. West. 



Fig. 16.—Loose-Leaf Tracing-Cloth Form for Sections of Drill-Holes. 
(Original size, 14 by 16 In.) 


Trans. A. I. M. F.. Vol. 44. 

DAILY REPORT OF DIAMOND DRILL 


Location . . . 
Prospect No. 


From 

To 

1 1 

Feet 

1 

Material 


1 








GIROUX CONSOLIDATED MINES COMPANY 

CHURN DRILL REPORT. 

Hole No. A. Chalcocite G. Iron Oxid< 


Co-ordinate... Claim.. 
Drill No. 


Depth from Breast beginning of Shift.Feet 

Depth from Breast end of Shift.Feet For... 

Distance Drilled .Feet 

Distance Reamed .Feet vamb. 

.Inch standpipe put In.Feet name 

.inch casing put in.Feet 


CHURN DRILL REPORT. 

.. A. Chalcocite 

B. Pyrite 

aim... C. Carbonates 

.. D. Cuprite 

E. Chalcopyrlte 
19... F. Native Copper 


G. Iron Oxide 
H. 

1. Porphyry 

2. Limestone 

3. Rhyolite 

4. 


Occu- 

.NAME pation 


I RemoT- 

Drilling Mofing Casing ing Bepairs Fishing Other 
Casing Delays 



Casing. Size. Length.Depth of Hole beginning 

Shift.ft.In.; Adv.ft.in. 

Bit, Size of. Depth of Hole at end of Shift.In. 


.Foreman. 

.Mine. 

Report cause of delays, accidents, etc. 

Form used at Butte for Underground Holes. (E. & M. J.) 

DAILY REPORT OF DIAMOND DRILL 
Location. Level. Mine. 


Location... . 
Prospect No.' 


.inch lUndplpe put 

In .Feel I 


.inch casing put 

In .Feel 


I I II II 

! I ll II 

From 1 To I Feet 1| Material jl- 

1 I 11 11 Cu. 


Depth 

Min¬ 

Ruck Sludge^ 

Hard 

Size of 

Caving j 
1 Yes 

No. ! 
Boilers i 

Exact 

Length 

of 

Exact ^ 
Depth 

If 

Sample 

Weight 


eral 

Color 

ness 

1 

Cut 

No ! 
Slightly i 

1 5-feet 
Sample 

Sample 
Ft, In. 

Ft, In. 

Re¬ 

liable 




I j 1 1 ^ Frag -1 Loss 

Depth from Breast beginning I Car^“ I Car^“ Carbons menu in 

of ghlff .f'eel 0“^*“** in Bits Received i on I Drill- 

I. I [ Hand!j ing 

Depth from Breast end of 11 j ^ I li ’ 

cu 4 ff ^ ^ [ I I I M 

I No. Carat I No. ‘ Carat No. ' Carat Carat -Carat 
Distance Drilled .Feel j_ _ _ .. _ „ ^_ '_ 

Distance Reamed .Feet 1 1 I I 11 11 


REMARKS 

(Give short account of condition of hole, rock, and depth 
and thickness of clay seams or fault gouge.) 


Depth of Water Level.ft. Supplies Needed. 

Length over Sand Line Pulley to Platform.ft.in. 

. Driller 

Samples left In Tubs, No. .Samples 

Samples Sacked, No. Seal No. 

(Original Size, 8% by 11 in.) 

Peele's Mining Engineers’ Handbook. 


NEVADA CONSOLIDATED COPPER COMPANY 

DRILL RECORD 

Drill. Hole. 


Previous depth 
Present depth 
Feet drilled ... 
Hours drilling 
Hours lost ... . 

Tons coal . 

Cords wood ... 
Driller hours . 
Helper hours . 

Laborers . 

Wages, $. 

Supplies . 

Cost per foot . 
Remarks . 


Report cause of Delays, Accidents, Loss or Breaking of 
Carbons, etc. 

Eng. & Mining Journal. 


. Foreman 
.. .Driller 


Av. ft. per hr. 

(Original size 3% by 8% in.) 
Peelo’s Mining Engineers’ Handbook. 
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SULLIVAN MACHINERY COMPANY. DRILLING AND PROSPECTING MACHINERY, rj^ 


SULLIVAN MACHINERY COMPANY 


129 South Michigan Avc., CHICAGO, ILL., U.S.A. 


DOMESTIC SALES OFFICES 
Rirmlngham, Boston, Butte, Claremont, N. H., 
Cleveland, Dallas, Denver, Duluth. El Paso. 
Hunt'ngton, W. V^i., Joplin, Knoxville, New York, 
IMttsburgrh, St. Louis, Salt Lake. San Francisco, 
Spokane, Terre Haute. 



FOREIGN SALES OFFICES 
Algiers, Brussels, Calcutta, Christiania, Durban, 
Natal, Havana, Lima, London, Madrid, Mexico City, 
Paris, San Juan, Santiago, Shanghai, Sydney, N.S.W., 
Tokyo, Toronto, Tunis, Turin, Vancouver. 


Sullivan Products 

Air Compressors; Air Lift Pumps; Diamond 
Drills; All-Hammer Drill Sharpeners; Drill Steel 
Furnaces; Forge Hammers; Ironclad Coal Cutters; 
Rock and Hammer Drills; Quarrying Machinery; 
Contractors for Diamond Core Drilling; Turbinair 
Portable Hoists. 




Prospecting: by Contract 

When examining: mines, oil or mineral lands, 
write to the Contract Drilling Department of this 
Company for prices and expert advice. We have 
been in the drilling business since 1884, and are 
ready to undertake prospecting at any time 
and anywhere, with up-to- 
date Sullivan Diamond 
Drills and the latest appli¬ 
ances for recovering the 
largest possible percentage 
of core. 

Sullivan Diamond Drills 
have stood for accuracy in 
mineral prospecting since 
1875. Built and stocked in a 
dozen styles, for 
capacities t o 
6,500 feet. Stan¬ 
dard core fit¬ 
tings, to 2 in. 
diameter. Hand, 
gas - engine, 
steam or air 
power. Will drill 
holes and take 
cores at any an¬ 
gle. Improved 
hydraulic or 
screw (friction) 
feed, and re¬ 
modeled hoist¬ 
ing gear. 


Diamond Drill 


Ask 

for 

Bulletin 

69-MMC 


Sullivan Diamond Core Drill, Alaska Tread¬ 
well Mines, Douglas Island, Ala.slca. 
Used for horizontal underground holes 


SPECIFICATIONS OF SULLIVAN DIAMOND DRILLS 


Sin of 

Drill 

• 

Depth 
of Hole 

Feet 

Diameter 
of Hole 
Inches 

Diameter 
of Core 
Inches 

Horse- 

Power 

Required 

Feed: 
Screw or 
Hydraulic 
("S” or 
•‘H’) 

Weight Drill 
and Partial 
Equipment 

Bravo (Hand) 

50 to 500 



Hand 

S 

1085 

Bravo (Belt) 

50 to 600 


il 

4 H. P. 

S 

1485* 

G 

50 to 500 

1ft 

T* 

8 

8 

1408 

Beauty 

100 to 1000 

1 


if 

8 

8 

1715 

H 

200 to 1600 

1 

1 

IH 

15 

H 

3443 

HO 

200 to 1600 

1 


1% 

15 

H 

3443 

H (Belt) 

200 to 1600 

1 

1 

IH 

15 

H 

3671 

C 

500 to 2200 

1 



15 

H 

3947 

B 

1500 to 3200 

2 


1% 

15 

H 

5538 

HN 

100 to 900 

2 


2 

15 

H 

3955 

CN 

200 to 1200 

2 


2 

15 

H 

4329 

N 

1200 to 2500 

2 


2 

20 

H 

6730 

P 

3500 to 5500 

2 

j 

2 

26 

H 

10924 

tP-2 

2000 to 3000 

3 

Si— 

1 2% 

45 

1 H 

11500 


*Doci not include gasoline engine. tFor oil drilling. 


Sullivan Reliability 

The importance of employing a drilling firm of absolute 
reliability and of the highest possible standing cannot be 
over-estimated. The accuracy of the process, the efficiency 


of the tools used, the skill of the operators, and the responsi¬ 
bility of the contractor behind the drills and men should be 
considered most carefully. Engineers, mine owners and 
mineral land purchasers everywhere accept core records, if 
secured by this company, as conclusive evidence of the thick¬ 
ness, depth, and purity of the veins penetrated. 



Diamond Drills for Oil Wild-cattlng and 
Production Drilling Are Also Available 

We do from 40 to 50 miles of contract drilling annually. 
Shall we send one of our field experts to learn your re¬ 
quirements and quote you a price per foot? 

Booklet 122-MC contains further details. 


Specimen Lift of Equipment for or 

“C** Diamond Drilla 

Fir F i mf i nt ig hmm fcrfc i i (Sin il Cin Ktiii^ ly^ iadl) 

PkftUI ia PriM il tU Dfin 

I 5-foo( "A" drill rod with coupUi^. 

I io>foot COR bamL 
I nfety cUmp. 

I ihnR with itnp tad hook for 
hobtiac roda. 

I tool chut with lock tad key. 

I boil lad bolt for hiagiaK ihnve 
lUftiDibaa withd^ 

I bontiog iwivd with coupliac 1 pair each, 6-iach dividin, iasidi 

1 water twivd coupUag aad cUmw. aad outaidc cahpera 

I lot rubber aadh^ padtiac aad i aettiag block. 

waatCL I hammer for dUianod aetti^ 

I pipe wrecch 


1 for a. 


I coo^etc aet of diamond aettiae 

1 jg-iach Jaw viae, with awfvd 
bate. 

I breaat dtifl, with i biu from 
H-iach to K-iach diaawter. 

I aet of la aettiag chiacla aad 


11 Mapkte let of loOd wmehn for 
cagiae, chuck, etc 

rs feet t-iBch. c-piy water hoM with 
cooaectioaa lor drill roda. 
la feet i lach. c-piv water hoM with 
cooaectiooato drill aad pua^r 
5 feet H-inch, a-ply drip hoic 
I packing bm^ is iaaudcd f 
port 


I draw bolt for gaac 
I 6-iBch adjiataliirlevd 
t pipe tooga 
I I-gallon oil caa 

■ hand oil can 

I a-inck lubricator with valve 
AB pipe aad fittingt aeccaiary M a 
Bcct drill, pump aad boflerk 
3 twivd uaioQt for ateam pipiag 

Additieual Oimci^ Eo«ipm«t (Pm___, 

I I is*H.P ataadard boiler on wbedi with uuectoc lad complcu fttUaga. 
o I qwdal pump (duplet), dM 

j. i6 feet iK-iadi auctioo hoM, with cooaectioaa, aad atraiacr with union 
4 . 8oo-loo(”A“ drill roda with coupli^io-loo(le,«tha 
c 14 blank bita. 

6. 4 iplii ring cor Hftart 
I a bevd COR ahrih 
& I Croat choppiag bit 
o. 5o>feet j-ukIi drive pipe or (ataad pipe) 

10. I atod otivu head (or j-iach pipe 

11. I atRi drive tboc (or jdach pi^ 

■ a. I drive pipe choppiim bit, (or itM j-ineb drive pipe 
IS- I drive pipe damp, for liac t-inch drive pipe 

14 - t S7o-pound cast iron drive block 

It. ioo.(Rt a-iack right hand eating pips, fluab joiat atyfa (in lodeot lci«tha) 

16 lo paira protactora (or above caaing 

17 I eating daaip (or a-iacb eating 

ig I buthing “A'’ roda to a-inch caamr 

' r a-iach caatag 


_for a-ia( 

I catn rcaaacr lace 
I pipe cuttR cultiaa to a tacbca 
I act pipe atocks and d' “ 

a jack Ktewa 

I each 7-iBcb tingle aad double hlocka with too feet of K-iacb a 
15 feet of kt inch chain with book aad rii^ 


d diw tbrcadiag pipe g inch to a iachM la d 


!r ody 

I fledge, pick, auger aad aa with handica 
10 I lot of BmaO Dipe. vulvea aad fiuinga, eatn waalo aad pacU^ 

JO I art carbon, I atoaR, weight 1 a karM 

Add aece ^^i^^fR g^w ^ Mor or lot .Uad pipe or cadag may ba 



Sketch to Show 
Sullivan Im¬ 
proved Double- 
Tube Core Barrel 
taking Core from 
a coal seam. 
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ENGINEERING INSTRUMENTS. 


BUFF & BUFF MANUFACTURING CO. 


BUFF & BUFF MANUFACTURING CO. 

Jamaica Plain Station, Boston, Mass. 


Specialists on Surveying Instruments 



Products 

“Buff" Surveying Instruments; Transits and 
Levels. 

Also, Theodolites; Tripods; Levelling Rods; 
Plumb-Bobs; Plummet Lamps; Steel Tapes; Range 
Poles; Marking Pins, and Current Meters. 

Permanent Accuracy 

—the one thing the Engineer must have, is insured 
by the Buff experience of sixty years of successful 
Instrument-Making. 

The Chief Engineer of a great Canadian Rail¬ 
way System writes us: “There is no doubt but you 
prepuce the best instrument made on the American 
continent.” 

Please investigate the Buff before yon purchase! 

Directions for Ordering 

Order (especially triangulation transits) as long 
beforehand as possible, to insure careful construc¬ 
tion if not in stock. State plainly style, size, kind of 
finish, price, shipping directions, name of express 
company, etc. 

Repairs to Instruments 

“Buff” Transits, solidly built to resist blows and 
falls, have metal generously distributed thruout 
the construction. At the Jamaica Plain Shops, all 
makes are put in good order and adjustment. 

Injured parts of instruments are duplicated 
from stock in hand. Parts to be repaired should 
be pointed out in detail. When so ordered, all in¬ 
struments are put into “thoro order and adjust¬ 
ment” at lowest expense. 

References 

This company are Instrument Makers to the 
United States Government, many departments; 
N. Y. C. R. R.; N. Y., N. H. & H. R. R.; New York 
Water Board; Public Service Commission, New 
York City; Board of Public Works, New York City; 
Standard Oil Co., Guggenheim and Rothschild in¬ 
terests, J. G. White Co., and numerous other en¬ 
gineering organizations. 

The Pennsylvania R. R. used “Buff” instruments 
in large numbers in both their North River and 
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East River Tunnels. The Subway Commission of 
New York are now using 250 “Buff” instruments. 



The Buff Precise Mine Transit No. 3G 


The strongest, most accurate line of Mining 
Instruments. All tj^es and sizes. All the latest 
improvements. 

Send for Catalog No. 95, to Boston, Mass. 

Use a BuflF for Accuracy. 
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W. & L. E. GURLEY. 


ENGINEERING INSTRUMENTS. 


W. & L. E. GURLEY 

TROY, NEW YORK 

Engineering Instruments 




Products 


Engineering Instruments. Transits; Wye Levels; Com- 
jasses; Alidades; Plane Tables; Water Level Registers; 
>teel Tapes, etc. 




The name Guriev has, for more than three quarters of 
a century, been the identifying mark of Engineering 

Instruments, built in 
accordance with our 
unvarying standard 
—the highest accu¬ 
racy and precision 
attainable by human 
care and ingenuity. 

This standard, set 
by Gurley Instru¬ 
ments, has been ac¬ 
knowledged by the 
Engineering Profes¬ 
sion in all parts of 
the world. 

Transits 

We have selected, 
for this page, only 
those transits and 
other instruments which 
have proven especiallv 
popular in the mining field. 
Among the Gurley Tran¬ 
sits, the Nos. 27-A, 28 
and 20-A are particularly 
adapted to mining work. 

The Gurley No. 27-A 
Precise Mining Transit. 
(With Interchangeable Top 
and Side Telescope, 
No. 35-A). For mine and 
other difficult survey¬ 
ing the Gurley Precise Mining Transit, equipped with the 
Interchangeable Top and Side Telescope, for use in vertical 
sighting, will be found to possess features of unusual merit. 
The general construction is that of the well known line of 
Gurley Precise Mountain Transit, with patented One-Piece 
Truss Standard, radially ribbed and dished limb and top 
plate, and fiush vernier glasses, with waterproof seal. The 
waterproof feature has also been 
incorporated in the needle base, 

making this instrument impervi- _ 

uos to moisture. 

The Gurley Diagonal Prism 
will frequently be found useful in 
stoping developments. 

The Gurley No. 28 Light Moun- 
tain Transit is frequently demand- ^ k 

ed by those who prefer a larger i-MML 
compass. It has a 4" needle in 

place of the 3" needle of the No. ^ 

27-A. It can also be equipped 
with the Interchangeable Side and 
Top Tel^cope and with the 

The Gurley No. 20-A Explorers 
Precise Transit is the smallest 

and lightest Gurley Transit built. No. 20-A Explorers Transit 


No. 35-A Minini; Transit 


MXVZHO TRANSIT SPEOZFICATIONS 


Transit No . 

1 1 

27-A ' 2S 

' .O-A 

Limb .. . 

. . ' .^3 65" 5 Co" 

1 4" 

Needle. 

. . . i .3.5" 1 •} " 

2.13" 

Telescope . 

...111" 8" 

C . 5 " 

Vertical Limb . 

.. .'Full Circle ' .Arc 

Full Circle 
i 4 " 

Vertical Limb Diameter. . . 

. . .1 4.5" ' 5" 

Weiaht . 

. . .1 1C. 5 Ih.s. ' 11 .0 Ih.'^. 

1 5 lb.*?. 


It is designed especially for work in which the ut¬ 
most convenience in carrying and handling is wanted. It 
is fully equal in quality to the larger Gurley Transits in 
every respect, and can be depended upon for accuracy in 
design and workmanship. 



No. 377 Wye Level 

Wye Levels 

From the time the first Gurley Level was made, mors 
than three quarters of a century ago, Gurley Levels have 
earned the preference of keen engineers, and prog^ressive 
refinements have eamd for them a reputation which is 
world-wide. 

The instrument which we recommend and which most 
engineers choose for all around work is the Gurley No. 377. 
The No. 375 and No. 378 Levels are marked by the same 
accuracy, durability and superior workmanship, with every 
provision for constant operation and adjustment, the only 
difference lying in the size. 

The Gurley Explorers Level, No. 384, is, like the Ex¬ 
plorers Transit, designed with the object of extreme com¬ 
pactness and light weight. 


WTB SFBOZPZOATZONS 


Level No. 

376 

377 

[ 378 

384 


Telescope. 

22" 

18" 

1 16" 

6.5" 

Power... 

42 diam. 

32 diam.l 

26 diam. 

Il6 diam. 

Telescope Level. 

14% lbs. 

8.38" 1 

8.38" 1 

1 3" 

Weight. 

13% lbs. 

11% lbs. 

1 2 % lbs. 



Gurley Mining Rod 

This is the same general construction as our regular full 
length Philadelphia Rod, which has found such 
unusual favor. It is built especially to meet the 
requirements of the mining engineer, being 
only 3 >10 feet long when closed. Two-ply con¬ 
struction, sliding to 5 feet, graduated in feet, 
lOths and lOOths, with vernier reading to 
l,000ths. May be used with or without target. 

Gurley Dip Compass 

This is a carefully built compass with a 3 inch 
needle, suspended to operate when held either 
horizontally or vertically. It may be used as 
an ordinary compass when held horizontally, end, 
by holding vertically, it will 
indicate the presence cf 
magnetic ore bodies. 

Steel Tapes 

To round out the en¬ 
gineers equipment, the com¬ 
pany offers the better grade 
of steel tapes, with or with¬ 
out Bureau of Standard 
Certificates. 

We will be glad to send 
complete Gurley catalog to 
all those interested in the 
full line of Gurley Instru- 
No. 341-A ments. No. GOO-R 
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CONTRACTING ENGINEERS. 


THE FOUNDATION COMPANY. 


THE FOUNDATION COMPANY 

120 Liberty Street 
CITY OF NEW YORK 

ATLANTA, GA. 

NEW ORLEANS, LA. 

CHICAGO, ILL. 

PITTSBURGH, PA. 

DETROIT, MICH. 

Engineers and Mining Contractors 


SAN FRANCISCO, CAL. 
LOS ANGELES, CAL. 
PHOENIX, ARIZ. 
MONTREAL, CANADA 


LONDON, ENGLAND 
PARIS, FRANCE 
LIMA, PERU 
HAVANA, CUBA 
MEXICO CITY, MEXICO 


Service 

The Foundation Company is widely experienced in the design and construction of mine shafts and 
tunnels. It specializes in the pneumatic caisson method, which insures successful results in treacherous 
ground. It also builds railroads, bridges, steam and hydro-electric power plants, industrial plants and 
other types of heavy engineering construction. 



The Northlake Iron Mine Shaft for the Cleveland Cliffs Ir >n Comp iny. Isl.peming:, Mich., 24 Feet In Diameter Through 

7 • Feet of Quick.«and 

THE FOLLOWING MINING COMPANIES HAVE ENTRUSTED TO THE FOUNDATION 
COMPANY THE SINKING OF SHAFTS SOME OF WHICH ARE AS LARGE AS 
38 FEET IN DIAMETER AND OTHERS AS DEEP AS 1000 FEET 


American Salt & Coal Company. 
Ammo. Phos. Corporation. 
Bangor Mining Company. 
Calumet-Hecla Mining Company. 
Carey Salt Company. 

Cleveland Cliffs Iron Company. 
Crown Gypsum Company. 

Cuyler Adams Company. 

D. L. & W. Railway Company. 
Dominion Coal Company. 

Fort Henry Mining Company. 
Inland Steel Company. 

Iroquois Iron Company. 

Island Creek Coal Company. 
Miami Copper Company. 

Munro Iron Mining Company. 
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North American Mining Company. 
Norwood-White Coal Company. 
Oliver Iron Mining Company. 
Pickands Mather Company. 

Penelec Coal Company. 

Ramapo Ore Company. 

Ray Consolidated Copper Company. 
Rogers-Brown Mining Company. 
Syracuse Mining Company. 
Scranton Mining Company. 

St. Albert Collieries Company. 
Tod-Stambaugh. 

U. S. War Department. 

Vesta Coal Company. 

Wickwire Mining Company. 
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ROBERT W. HUNT & CO. 


ENGINEERS, 


ROBERT W. HUNT & CO. 


ENGINEERS 


CHICAGO, ILL. 

175 W. Jackson Blvd. 


NEW YORK CITY 
53 Park Place 


ST. LOUIS, MO. PITTSBURGH, PA. LONDON, ENG. 

Syndicate Trust Bldg. Monongahela Bank Bldg. 52 Queen Victoria St., E. C. 4 


KANSAS CITY, MO. 
Orear-Leslie Bldg. 


CINCINNATI, OHIO 
509 Gerke Bldg. 


NEW ORLEANS, LA. 
919 Carondelet Bldg. 


SEATTLE, WASH. 
410 Lyons Bldg. 


DALLAS, TEXAS 
Great Southern Life Bldg. 


PHILADELHPHIA, PA. 
26 S. 15th St. 


MONTREAL. CAN. 
905 McGill Bldg. 


MEXICO CITY, MEX. PICKER, OKLA. 


VANCOUVER, CAN. 
Standard Bank Bldg. 

GADSDEN, ALA. 


TORONTO, CAN. 

Bank of Hamilton Bldg. 

BANNER, KY. 


SAN FRANCISCO, CAL. 
251 Kearny Street 

BEARDSTOWN, ILL. 


IN ADDITION TO THIRTY-SIX (36) OTHER LOCATIONS OF RESIDENT INSPECTORS AND REPRESENTATIVES 
WHO ARE PARTICULARLY QUALIFIED TO HANDLE RAW MATERIALS AND MANUFACTURED PRODUCTS 


To the Operator 

We make Reports, Appraisals and Valuations of prop¬ 
erties; Analyses of coal and minerals; Tests of machinery; 
Design and Superintend construction of buildings, tipples 
and special machinery; Inspect and Report upon materials 
and appliances offered for sale and trace shipments and 
deliveries to you. 


To the Manufacturer 

We analyze, test and inspect raw and finished mate¬ 
rials of all kinds, and are in a position to run practical 
operating tests of and report upon any kind of mining 
machinery or appliances for use in Coal and Metal 
Mines, from experiments made at properties operated as 
subsidiaries. 



Modern 800-Ton Lead and Zinc Mine, Designed and Constructed by our Company in the Miami Oklahoma Field 
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Chart Showing the Work We Do Relative to Mining, With Our Present Working Force of Six Hundred (600) People—All 

Experts in Their Particular Line 
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SECTION Ill 

Building Materials, Mine 
Timbering and Supports 


A THE A 
MINING. 
kCAIALOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


ILLOWINC MANUFACTURI 


American Zinc Products Co., The 
Asbestos Shingle, Slate Sheathing Co. 
Cabot, Samuel, Inc. 

Ryerson, Joseph T. Son 
Wisconsin Bridge Iron Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 



Digitized by 


Google 
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Safe Load Tables—Wooden Beams 


The safe load table of wooden beams which follows is based upon the working unit stresses adopted 
by the American Railway Engineering Association, and gives the uniformly distributed safe loads for 
rectangular sections one inch thick. The safe load for a beam of any thickness is then found by multi¬ 
plying the tabular value by the thickness of the beam in inches. The safe loads include the weight of 
the beams and are computed on the assumption that the beams are braced against lateral deflection. 


BEOTAVOtJULB WOODBB BEAKS—OWB XBOZ VBXOK 


Maximum Safe Loads and Limitinsr Spans 


Depth of 
Beam. 
Inches 

White 

Oak 

Lonj 

rleaf 

ne 

Shortleaf 

Pine 

White 

Pine 

Douglas 

iTr 

Western 

Hemlock 

Spruce 

Max. 

Load, 

Lbs. 

Min. 

Sj^^ 

Max. 

Load, 

Lbs. 

Min. 

Max. 

Load, 

Lbs. 

Min. 

Max. 

Load, 

Lbs. 

Min. 

Max. 

Load, 

Lbs. 

Min. 

Max. 

Load, 

Lbs. 

Min. 

Max. 

Load, 

Lbs. 

Min. 

S^M 

2 

293 

1.7 

320 

1.8 

347 

1.6 

187 

2.1 

298 

1.8 

267 

1.8 

187 

2.4 

4 

587 

8.8 

640 

8.6 

693 

8.1 

373 

4.3 

587 

3.6 

533 

8.7 

878 

4.8 

6 

880 

5.0 

960 

5.4 

1040 

4.6 

560 

6.4 

880 

5.5 

800 

5.5 

560 

7.1 

8 

1178 

6.7 

1280 

7.2 

1387 

6.2 

747 

8.6 

1178 

7.3 

1067 

7.8 

747 

9.6 

10 

1467 

8.3 

1600 

9.0 

1788 

7.7 

933 

10.7 

1467 

9.1 

1838 

9.2 

988 

11.9 

12 

1760 

10.0 

1920 

10.8 

2080 

9.2 

1120 

12.9 

1760 

10.9 

1600 

11.0 

1120 

14.8 

14 

2058 

11.7 

2240 

12.6 

2427 

10.8 

1807 

15.0 

2053 

12.7 

1867 

12.8 

1807 

16.7 

16 

2347 

13.3 

2560 

14.4 

2778 

12.8 

1498 

17.1 

2347 

14.5 

2133 

14.7 

1498 

19.0 

18 

2640 

15.0 

2880 

16.3 

3120 

13.8 

1680 

19.3 

2640 

16.4 

2400 

16.5 

1680 

81.4 

20 

2933 

16.7 

3200 

18.1 

3467 

15.4 

1867 

21.4 

2938 

18.2 

2667 

18.8 

1867 

28.8 

22 

8227 

18.8 

3520 

19.9 

8813 

16.9 

2053 

23.6 

8227 

20.0 

2938 

20.2 

2053 

86.2 

24 

3520 

20.0 

3840 

21.7 

4160 

18.5 

2240 

25.7 

3520 

21.8 

8200 

22.0 

2240 

28.6 


SQUABS WOODSB COLUMNS 
Safe Soads in Tlionsands of Fomids 

American Railway Engineering: Association Formulas 






Side of Square, Inches 



Length 















16 

Feet 


4 

6 

8 

10 

12 

14 



is.e 







Hi 

6 

15.6 







sys 

6 

7 

14.6 

13.5 

S6.1 







8 

12.5 

34.8 

62.4 






9 

11.4 

32.8 






10 

10.4 

31.2 

62.4 






11 


29.6 

60.3 

97.5 





12 


28.1 

58.2 




SSo 

14 


25.0 

54.1 

93.6 

140.4 




16 



49.9 

88.4 

137.3 

191.1 


o ^ 

18 



45.8 

88.2 

131.0 

189.8 

249.6 

s. 

20 



41.6 

78.0 

124.8 

182.0 

349.0 



14.4 








5 

14.4 








6 

13.4 







7 

12.5 

.<i2.4 






8 

11.5 

31.7 






ill 

9 

10.6 

30.2 

57.6 





10 

9.6 

28.8 

57.6 





•3 s? 

11 


27.4 

55.7 





Os 

12 


25.9 

53.8 

90.0 




Dpg 

14 


23.0 

49.9 

86.4 

129.6 



O « 

16 



46.1 

81.6 

126.7 

176.4 



18 



42.2 

76.8 

121.0 

174.7 

230.4 

i 

20 



38.4 

72.0 

115.2 

168.0 

230.4 

tS 


1S.2 







§ 

5 

13.2 







•H « 

6 

12.3 








7 

11.4 

29.7 







8 

10.6 

29.0 







9 

9.7 

27.7 

B2.8 





SB 1 

10 

8.8 

26.4 

52.8 





^ A5 

11 


25.1 

51.0 





M Q, 

eSo 

§ s 

12 


23.8 

49.3 

82.B 




14 


21.1 

45.8 

79.2 

118.8 



16 



42.21 

74.8 

116.2 

161.7 


QQ 

18 



38.7 

70.4 

110.9 

160.2 

211.2 

20 



35.2 

66.0 

105.6 

154.0 

211.2 



12.0 








5 

12.0 







^ MS 

2 u S 
^ ^ 

6 

7 

11.2 

10.4 

27.0 






8 

9.6 

26.4 






^ St* 

9 

8.8 

25.2 

48.0 





Q S 1 

10 

8.0 

24.0 

4 8.0 






11 


22.8 

46.4 





M 5 

12 


21.6 

44.8 

75.0 




|hI 

14 

16 


19.2 

41.6 

38.4 

72.0 

68.0 

lOS.O 

105.6 

147.0 



18 



35.2 

64.0 

100.8 

145.6 I 

192.0 


20 



32.0 

60.0 

96.0 

140.0 

192.0 


BOUND WOODBN OODUMNS 
Safe Doads in Thousands of Founds 

American Railway Engineering Association Formulas 



ix>ads above horizontal lines are the maxium allowable safe 
loads. 


Loads above horizontal lines are the maxium allowable safe 
loads. 
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SAFE LOAD TABLES-STEEL BEAMS 
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22820 
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18860 

15850 

1.3500 

11640 

10140 

8920 

7900 

7040 

6320 

5710 

5180 

4720 

4310 

3960 

3650 

3380 

3130 

2910 

2540 
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26270 

21710 

18240 

15550 

13400 

11680 

10260 
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8110 

7280 

6570 

5960 

5430 

4970 
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4200 

3890 
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3350 

2920 


110 

25630 

21180 

17800 

15170 

13080 

11390 

10010 

8870 

7910 

7100 

6410 

5810 

5300 

4850 

4450 

4100 

3700 

3520 

3270 

2850 


105 

24900 

20650 

17360 

14790 
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6920 
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5670 

5160 

4720 

4340 

4000 
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31901 

2780 


100 
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17480 

14690 

12520 

10790 

9400 

8260 

7320 

6530 

5860 

5290 

4800 

4370 

4000 

3670 

3380 

3130 

2000 
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2350 

24 

95 
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14250 

12150 

10470 

9120 

8020 

7100 
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4240 
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2020 
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8840 
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61^ 
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13380 
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7530 
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4370 
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3640 

3350 
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2460 

2140 


80 

IS.'i.'SO 
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9470 

8250 

7250 

6420 

5730 

5140 

4640 

4210 

3830 

3510 

3220 

2970 

2760 

2550 

2370 

2060 


69.5 

17140 

14160 

11900 

10140 

8740 

7620 

6690 

5330 

5290 

4750 

4280 

3890 

3540 

3240 

2980 

2740 

2540 

2350 

2190 

1900 

J1 

57.5 

12470 

10310 

8660 

7380 

6360 

5540 

4870 

4320 

3850 

3450 

3120 

2830 

2580 

2360 

2170 

2000 
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1710 

1590 

1390 


100 

17660 

14590 

12260 

10450 

9010 

7850 

6900 

6110 

5450 

4890 

4420 

4000 

3650 

3340 

3070 

2830 

2610 

2420 

2250 

1960 


95 

17140 

14160 

11900 

10140 

8740 

7620 
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5930 
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3240 
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1900 
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16610 

13730 
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9830 

8480 
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5750 

5130 
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4150 

3770 
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3140 

2880 
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16090 

13300 

11170 

9520 

8210 

7150 

6290 

5570 

4970 

4460 

4020 

3650 

3320 

3040 

2790 

2570 

2380 
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1790 

20 
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15640 

12930 

10860 

9260 

7980 
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4330 

3910 

3550 

3230 

2960 

2720 

2500 

2310 

2150 

2000 

1740 

1 
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13530 

11180 

9400 

8010 
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6020 

5290 

4G80 

4180 
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3380 

3070 

2800 

2560 

2350 

2170 

2000 

1860 

1730 

1500 

1 

70 

13010 

10750 

9040 

7700 

6640 

5780 

5080 

4500 

4020 

3600 

3250 

2950 

2690 

2460 

2260 

2080 

1920 

1790 

1660 

1450 


65 

12480 

10310 

8660 

7380 

6370 

5440 

4870 

4320 

3850 

3460 

3120 

2830 

2580 

2360 

2170 

2000 

1850 

1710 

1590 

1390 


90 

14940 

12350 

10370 

8840 

7620 

6640 

5840 

5170 

4610 

4130 

3730 

3390 

3090 

2820 

2590 

2390 

2210 

2050 

1910 

1660 


85 

14470 

11960 

10050 

8560 

7380 

6430 

5650 

5010 

4470 

4010 

3620 

3280 

2990 

2740 

2510 

2310 

2140 

1980 

1850 

1610 


80 

14000 

11570 

9720 

8280 

7140 

6220 

5470 

4840 

4320 

3880 

3500 

3170 

2890 

2650 

2430 

2240 

2070 

1920 

1790 

1560 


75 

13530 

11180 

9390 

8000 

6900 

6010 

5280 

4680 

4180 

3750 

3380 

3070 

2800 

2560 

2350 

2160 

2000 

1860 

1730 

1500 

18 

70 

10920 

9020 

7580 

6460 

5570 

4850 

4260 

3780 

3370 

3020 

2730 

2480 

2260 

2060 

1900 

1750 

1620 

1500 

1390 

1210 


65 

10450 

8630 

7260 

6180 

5330 

4640 

4080 

3620 

3220 

2890 

2010 

2370 

2160 

1970 

1810 

1670 

1550 

1430 

1330 

IIGQ 


60 

9980 

8250 

6930 

5900 

5090 

4430 

3900 

3450 

3080 

2760 

2490 

2260 

2060 

1890 

1730 

1600 

1480 

1370 

1270 

1110 


55 

9430 

7790 

6550 

5580 

4810 

4190 

3680 

3260 

2910 

2610 

2330 

2140 

1950 

1780 

1640 

1510 

1400 

1290 

1200 

1050 


46 

8690 

7180 

6040 

5140 

4430 

3860 

3390 

3010 

(2680 

2410 

2170 

1970 

1800 

1640 

1510 

1390 

1290 

1190 

1110 

970 


1 

8 

Span In Feet 

1 

§ 

6 I 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 


75 

27310 

20060 

15360 

12140 

9830 

8120 

6830 

5820 

5020 

4370 

3840 

3400 

3030 

2720 

2460 

2230 

2030 

1860 

1710 

1570 

1450 


70 

26220 

19260 

14750 

11650 

9440 

7800 

6650 

6590 

4820 

4200 

3690 

3270 

2910 

2610 

2360 

21401950 

1780 

1640 

1510 

1400 


65 

25130 

18460 

14140 

11170 

9050 

7480 

6280 

5350 

4620 

4020 

3530 

3130 

2790 

2510 

2260 

2050 

1870 

1710 

1570 

1450 

1340 


60 

24060| 

17680 

13530 

10690 

8660 

7160 

6010 

6130 

4420 

3850 

3380 

3000 

2670 

2400 

2170 

1960 

1790 

1640 

1500 

1390 

1280 

15 

55 

201^ 

14830 

11360 

8970 

7270 

6010 

5050 

4300 

3710 

3230 

2840 

2520 

2240 

2010 

1820 

16501500 

1370 

1260 

1160 

1080 


50 

lOlOO 

14030 

10740 

8490 

6880 

5680 

4780 

4070 

3510 

3060 

2690 

2380 

2120 

1910 

1720 

1560! 1420 

1300 

1190 

1100 

1020 


45 

18010| 

13230 

10130 

8000 

6480 

5360 

4500 

3840 

3310 

2880 

2530 

2240 

2000 

1800 

1620 

1470 

1340 

1230 

1130 

1040 

960 


42 

17450! 

12820 

9820 

7760 

6280 

5190 

4360 

3720 

3210 

2790 

2450 

2170 

1940 

1740 

1570 

1430 

1300 

1190 

1090 

1010 

930 


37.5 

10026 

11770 

9010 

7120 

5770 

4770 

4010 

3410 

2940 

2560 

2250 

2000 

1780 

1600 

1440 

1310 

1190 

1090 

1000 

920 

850 


55 

1 

15850 

11650 

8920 

7050 

5710 

4720 

3960 

3380 

2910 

1 

2540 

2230 

1980 

1760 

1580 

1430 

1290 

1180 

1080 

1 

990 

910 

840 


50 

14980 

11010 

8430 

6660 

5390 

4460 

3750 

3190 

2750 

2400 

2110 

1870 

1660 

1490 

1350 

1220 

1110 

1020 

9401 

860 

800 


45 

14110 

10370 

7940 

6270 

5080 

4200! 

3530 

3010 

2590 

2260 

1980 

1760 

1570 

1410 

1270 

1150 

1050 

960 

880 

810 

750 

12 

40 

13280 

9760 

7470 

6900 

4780 

3950 

3320 

2830 

2440 

2130 

1870 

1650 

1480 

1320 

1200 

1080 

990 

900 

830 

770 

710 


35 

11270 

8280 

6340 

6010 

4060 

3350 

2820 

2400 

2070 

1800 

1580 

1400 

1250 

1120; 

1020 

920 

840 

770 

700 

650 

600 


31.5 

10660 

7830 

6000 

4740 

3840 

3170 

2660 

2270 

1960 

1710 

1500 

1330 

1180 

1060 

960 

870 

790 

730 

670 

610 

570 


28 

9850 

7240 

6540 

4380 

3550 

2930 

2460 

2100 

1810 

1580 

1390 

1230 

1090 

980 

890 

800 

730 

670 

620 

570 

520 


40 

9400 

6910 

6290 

4180 

3390 

2800 

2350 

2000 

1730 

1500 

1320 

1170 

1040 

940 

850 

770 

700 






35 

8680 

6380 

4880 

3860 

3120 

2580 

2170 

1850 

1590 

1390 

1220 

1080 

960 

870 

780 

710 

650 





10 

30 

7950 

5840 

4470 

3530 

2860 

2370 

1990 

1690 

1460 

1270 

1120 

990 

880 

790 

720 

650 

590 






25 

7240 

5320 

4070 

3220 

2610 

2150 

1810 

1540 

1330 

1160 

1020 

900 

800 

720 

650 

690 

540 






22.25 

6730 

4950 

3790 

2990 

2420 

2000 

1680 

1430 

1240 

1080 

950 

840 

750 

670 

610 

650 

500 




1 


35 

7360 

5410 

4140 

3270 

2650 

2190 

1840 

1570 

1350 

1180 

1040 

920 

820 

730 

660 

Loads within heavy horiiODtal lines 

9 

30 

6710 

49.30 

3770 

2980 

2420 

2000 

1680 

1430 

1230 

1070 

940 

840 

750 

670 

600 



25 

6050 

4450 

3410 

2690 

2180 

1800 

1510 

1290 

1110 

970 

850 

750 

670: 600 

540 

Loads below dotted horiceotai lines 


21 

6590 

4110 

3150 

2490 

2010 

1660 

1400 

1190 

1030 

900 

790 

700 

620l 660 

500 



r 

i ‘ 

•si 

Span In Feet 

t 

& 


2 

2*4 


31-:, 

4 4^ 

5 

5Vir 

6 


7 

8 

9 

10 

11 

12 

13 

M4 

15 

10 

17 

18 


25.5 

43280 

29200 

1 

2028014900 

114109010 

7300 

6030 

5070 

4320 

3720 

2850 

2250 

1830 

1510 

1270 

1080 

930 

810 

710 

630 

560 


23. 

35920 

27520 

1911014040 

107508490 

6880 

5690 

4780 

4070 

3510 

2690 

2120 

1720 

1420 

1190 

1020 

880 

760 

070 

000 

530 

8 

20.5 

28500 

22840 

1795013190 

101007980 

0460 

5340 

4490 

3820 

3300 

2520 

1990 

1620 

1340 

1120 

J.900 

820 

720 

630 

560 

500 


18. . 

2160d 

17280 

14400 

12340 

9480 7490| 6070 

5010 

4210 

3590 

3100 

2370 

1870 

1520 

1250 

1050 

' 900 

770 

670 

590 

530 

470 


17.5 

16800 

1.3440 

11200 

9600 

o 

o 

t>. 

8 

5140 

4320 

3680 

3180 

2430 

1920' 

1560 

1290 

1080 

920 

790 

690 

610 

540 

ISO 


20. 

3iJ060 

20570 

14280 

10490 

80*10635o!5140 

4250 

3570 

3040 

2620 

2010 

1590 

1290 

1060 

890 

760 

660 

570 

500 



7 

17.5 

24710 

19100J 

1.3270 

9750 

74605900 

4780 

3950 

3320 

2.S30 

2440 

1870 

1470 

1190 

990 

830 

710 

610 

530 

470 




15. 

17.500 

14000 

11700 

9010 

69005450 

4420 

3650 

3070 

2010 

2250 

1730 

1360 

1100 

910 

770 

6.50 

560 

490 

430 




17.25 

23280 

14900 

1 

10350 

7600 

58204600 

3720 

3080 

2590 

2200 

1900 

1450 

1150 

930 

770 

650 

5.50 

480 





6 

14.75 

21120 

136.50 

9470 

6960 

5.3304210 

3410 

2820 

2370 

2020 

1740 

1330 

1050 

850 

700 

590 

500 

440 






12 25 

13800 

11040 

8610 

6320 

48403830 

3100 

2560 

2150 

1830 

1580 

1210 

960 

780 

040 

540 

460 

400 






14.75 

16160 

10340 

7180 

5280 

40403190 

2590 

2140 

1800 

1.530 

1320 

1010 

800 

6.50 

530 

450 

I 






5 

12.25 

145.30 

9300 

6460 

4740 

36302870 

2320 

1920|1610 

1.380 

1190 

910 

720 

5.S0 

480 

400; 






1 

9.75 

10.500 

8250 

5730 

4210 

32202550 2060 

1710 1430 

1220 

1050 

810 

640 

520 

430 

300 


1 






10.5 

9.520 

6090 

4230 

3110 

2.380 1880 1.520 

1 

1200 1000 

900 

780 

590 

470 

3S0 










9.5 

9000 

5760 

4000 

2940 

22504780 1440 

11901000 

850 

730 

560 

440 

360 









4 

8.5 

8470 

5420 

3770 

2770 

21201670*1360 

1120 

940 

800 

600 

530 

420 

340 


Loads vvnthm heavy horbTontal lines 


7.5 

7600 

6090 

3530 

2600 

19901570 

1270 

1050 

880 

750 

6.50 

500 

390 

320 






1 



J 

1 










will broduce excessive deflection. 



7.5 

5180 

3310 

2300 

1690 

12901020 

830 

680 

580 

490 

420 












3 

6.5 

4780 

3060 

2130 

156^ 

120d 940 

770 

630 

530 

450 

390 













6.6, 

4410 

2820 

1 1960 

1440 

1100' 870 

710 

580 

490 

420 

360l 
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STRENGTH OF MATERIALS 



STRENGTH OF MATERIALS—METALS AND ALLOYS 

Stresses Per Square Inch ' 


StroMi ia Thouniids PoniKb 



** bMB.thecl».24-28 

" iiirt.hard. 30-65 

•• “ aaomlod. 20-35 

j • 8-7%NLCu,Fe.tlc.... 40^ 

i jUndnmBraiaa,5%to7H%Al... 75 
- “10% Al... 85-100 

pl»tcLroda.bolt«.. 32-35 

“ .. 55-65 


6A 12 
12-14 


10 

8J 

7.6 43 

8.6 

17.4 75 


10 43 

30 53 

78 

32 114 

56 147 


22 30 10^,000 


36 0^,000 


ftto DieUi, 9 Oi ISb. 

MancuMNiCMt \10%8a.... 

“ rolled/3%Mo... 

Fkaphonn, cMt 19% Sa . 

" vireil%P. 


wirell^ 


14,000^ 
10^^ iS 
3J 
004 
0 
0 

lOfiOOfiOO 


“ TofaiB,eaat 1 88%Za... 

“ “ rolled |m%8o .. 

“ “ eoUroDedJ H%¥b... 

Mlallelal^caik ISS-^Oi.... 

" ** pbtflil38—40%2a. 

- “ Ca I 3-4%Fe. 

“ “ wiiejl—2%8a. 

OmaM 8ih». 3^ ^ 20% Ni..... 

h^e^. 

*• eeppv/o’Ai^'i oi!!!!!.”!!!! 

IeBd.eMi. 

: S&’Sii:::;:;::;:::;:: / 

Phttana, wire, uaaaaealed. 


.8.5-4.6 1.5-U 6 

.I08o,18b. 11 

. 4-6 4 18 

eiU. 7-16 


STRENGTH OF BUILDING MATERIALS 

_Stresses In Pounds Per Square Inch_ 


Cfeat. PwUaad 
Niit, 28dajn. 

** fOdaQri. 

lJ«Bd.28dav8.. 

“ OOdan.. 


Uhimatc Amagg StraM 

Modoiut 

8gf« Working 3trMa 

}Qmpnm. 

Teagion 

Bgndiag 

EhaicHy 

(^ompetei 

Bonriog 

Skenriag 

12.000 

1,200 

2A00 

7,000,000 

1,200 

1,200 

200 

12,000 

1,200 

1,600 

7,000,000 

1,200 

1,200 

200 

8,000 

■ 800 

lAOO 

7,000,000 

800 

800 

150 

5,000 

150 

1,200 

3,000,000 

500 

500 

150 

10,000 

3,000 

5,000 

14XX)0,000 

' 1,000 

1,000 

175 

10,000 

200 

600 





11,000 







15,000 







6,000 







ijm 

740 






7,350 

740 






1,290 

320 



1 



1,490 

340 



1 




CMMnlc^ P.C. 

1:1^ hard etoee. 3,660 

' eofletoae. l^M 

“ eiadcn. 700 

1: 3 :4. hard aloiM. 2,100 

“ aoftatooa. 1^00 

** oadm. 600 

1:9^ hard atooe. 1,700 

aoftatoee. 1,200 


1: 3 :6, hard slooe... 
“ aoftotoae- 


RalBforce^ Concrcfe—Safe Workiac Strcssca * 

[ 2,000,000 if ult. compmeion is up to 2.200. 
Elaatic Moduluaj 2.500,000 if ult. comprenioa is over 2 200. 

[3,000,000 if ulL comprcsioo ia over 2,900. 
p • /22.5% dJ ult. romprefliioo on piers or 

columns of lengtjirnot exceeding 12dia. 

p_/32.5% of ult. compression on surfaces of 

. \ at least twice the loaded area. 

1 2.0% of ult. compression, horixontal ban. 
3 OVciof reinforcentcnt with bcnt-up bars. 
6.0% lot thoroughly reinforced webs. 
•p-_j f4% of ult. compression for plain ban. 

.12% for.drawn wire. 


CtaBasla,P.CL,l: 3 :4.. 




420 

GOO 



350 

500 



280 

400 



140 

250 



168 

250 



350 

600 



280 

500 



168 

300 



210 

300 

3,000 

8 ,Q 06,000 



3,000 




TBRacotta. BfiOO 

BMSMkalasIhoM^..., 80,000 

* glBadi^.dinish. 70,000 

*• BHab. 8000 

BslHssMwww,cottaa..! 7JK0 

" •* “ Isa.. • _ 9,900 _ 

Ihr alllaait aad iroifciag streacs of StructunI Timber. s«e page 319. 

dits, ass ftrwssdiap of the Aa>srican Society of Civil Sngincen. Yol. XXXIX, 


ia Thoosaads of Pooads 


IfsIalB aad Alkv* 


Steal 

S twietur al Shapes, plates*... 

*' bridm. 60 yi teas, tensile 

** buiidinp. 55-65 '* 

“ ships. 55-65 •• 

BoOerPIateo* 

, ** “ Sain. 55-65 H tens, tensile 

•• “ finbox. 52-62 

“ “ eztnsoft. 45-55 " 

Rhrett* 

“ fandces. 50 yi teas tensile 

“ buiUioQh ■hipsL. 48-58 “ 

Reiafoccemeot D«s** 

structural, plaia. 55-70 33 teaaile 

** “ drformed.. 55-70 33 " 

“ hard, plain.SOaua. 50 

*' " deformed.60 mia. 50 “ 

“ oold twisted. 55 “ 



i tens. 29,000,000 35 

“ 39,000,000 25-31 

“ 29,000,000 27-23 

f ten. 29.000.000 r-28 
29,000,000 29-34 
“ 29,000,000 33-27 

^ tens. 29,000.000 80 

29flOOfiOO 39-24 

(ten. 29,000.000 25-30 
29,000,000 32-18 
'* 29,000.000 15 

" 29,000,000 12A 

“ 29,000,000 5 


" Midges 
“ ships.. 


” soft, low carbon_ 58 

carboB,notanaealed 75 

•• •• annealed... 70-80 

“ “ oiltempered 80-90 

“ loeomotive. 80 

“ nickel, annealed— 80 

“ oil tempered 85-95 

axles, carbon steel. 80 

'* “ nickd. 80 

Steal AHoya 

Nickel Steel, 3-1% Ni. 

'* ahap^ plates.80 min. 

“ rivets. 70-85 

Copper Steel, 0A% CSi. 60-68 

Stad Springs aad WIrs 

Springs, untempered. 65-115 

Wire, uaanncaled. 120 

“ annealed. 80 

“ bridge cable. 300 

fFrooght Iroa 

Shapes. 48 

Ban. 50 

Wire, unannoalcd. 80 

“ annealed. 00 

Cast Iran 

CbrooMNi. 15-18 

Gray. 18-24 

Malleable. 27-35 

*Ses S p e c ifi c a t ion of the Society 
**Sss S pe c ification of the Assodai 


29 tensile tensile H ten. 

874 . 

85-40 . 

4^45 •* 

40 . 

45-50 . 

55-65 . 

40 

60 


. 50 min. tensile tensile > 
45 min. “ 

37-28 


26 tenede tensile 5/6 ten 28,000,000 

27 . 28,000,000 

15,000.000 

27 25,000,000 

6 SO SO 18-20 12,000,000 
25-33 

15-20 46 30 40 I _ 

r of Testing Materials, adopted August 16.1909. 
ition of American Manufacturers, adopted 1910. 


MASONRY 

Stone Work 

Stone walls are measured by the perch (24H cubic feet). 
Openings less than 8 feet wide are counted solid; over 8 feet 
are deducted, but 18 inches are added to the running meeeere 
for each jamb built. Arches are counted solid from their 
spring. Corners of buildings are measured twice. PlUare 
less than 3 feet are counted on three sides as lineal. multipUed 
by fourth side and depth. 

It is customary to measure all foundation and dimensiea 
stone by the cubic foot. Water tables and base courses by Um- 
eal feet. All sills and lintels or ashlar, by superflclal feet, and 
no walls less than 18 Inches thick. 

The greatest safe load per super, foot on:— 

Granite piers ....equals 40 tons. 

Limestone piers . ** 25 

Sandstone piers . ** 15 ** 

Brickwork in cement . ** I ** 

Rubble masonry . ** 2 ** 

Lime Concrete foundations . ** 2)4*' 

The height of brick or stone piers should not exceed 
twelve times their least thickness at basa 

Brick Work 

Brick work is generally measured by 1000 brick laid In the 
wall. In consequence of variations in size of bricks, no rule fOr 
volume of brick can be exact. The following scale is. however, 
a fair average: 

7 bricks to a super, foot 4" wall equals . 40 lbs. 




Comers are not measured twice as in stone work. (Open¬ 
ings over 2 feet square are deducted. Arches are counted frem 
the spring. Fancy work counted 1)4 bricks for 1. Pillars nre 
measured on their face only. 

A cubic yard of mortar requires 1 cubio yard of sand and 
9 bushels of lime, and will All 30 hoda 

One thousand bricks, closely stacked, occupy about 56 euble 

feet 

One thousand old bricks, cleaned and loosely stacked, occu¬ 
py about 72 cubic feet 

One superflclal foot of gauged arches requires 10 brickn 

Stock bricks commonly measure 8% Inches by 4)4 Inches 
by tyi inches imd wei^ from 6 to 6 pounds each. 

Paving bricks should measure 9 inohes by 4)4 inches by 1)4 
Inchea and weigh about 4)4 pounds each. 

One yard of paving requires 36 stock bricks, of shove di¬ 
mensions. laid flat, or 52 on edge; and 86 paving brick laid flat, 
or 82 on edga 
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BUILDING DATA. 


Miscellaneous Building Data 

wazoKTS or VABXoini xatbbza&s 


Average 
Per Cu. Ft. 
Pounds 


Average 
Per Cu. Ft. 
Pounds 


BRICK 

Common red . 

Fire clay . 

Silica . 

Chrome . 

Magnesia as brick or fused In furnace. 

CEMENT 

Portland . 

Hydraulic . 

FINE GROUND CLAYS, SILICA, CEMENT, ETC. 

Fire clay . 

Silica cement . 

Magnesia cement. 

Chrome cement . 

Grain magnesite (as shipped). 

COAL AND COKE 

Anthracite . 

Bituminous . 

Charcoal . 

Coke . 

CONCRETE 

Cement, fine . 

Rubble, coarse. 

EARTH 

Loam, dry, loose. 

Loam, packed . 

Loam, soft, loose mud. 

Loam, dense mud. 

GLASS 

Common window . 

Plate . 

Flint . 

Floor or skylight. 

GRAIN 

Corn . 

Oats . 

Wheat . 

LIME 

Quick, loose lumps. 

Quick, fine . 

Stone, large rocks. 

Stone, irregular lumps. 

MASONRY 

Granite or limestone. 

Mortar, rubble. 

Dry . 

Sandstone, dressed . 

METALS 

Aluminum ... 

Brass, cast . 

Bronze . 

Copper, cast . 

Copper, rolled or wire.. 


METALS—Continued 

Iron, cast . 

Iron, wrought . 

Lead, cast . 

Lead, rolled . 

Steel, cast . 

Steel, rolled. 

Tin, cast . 

Zinc, cast . 

OILS 

Engine . 

Crude . 

Petroleum . 

Gasoline . 

ROCK 

Chalk . 

Granite . 

Gypsum . 

Sandstone . 

Pumice Stone . 

Quartz . 

Salt, coarse . 

Salt, fine . 

Shales . 

Slate, American . 

SAND 

Dry and loose. 

Dry and packed. 

Wet and packed. 

Gravel packed . 

WATER 

Water as ice. 

Water at 32 degrees Fahrenheit. . 
Water at 212 degrees Fahrenheit. 
WOODS, DRY 

Apple . 

Beech . 

Birch . 

Cedar, American . 

Chestnut . 

Ebony . 

Elm . 

Hemlock . 

Hickory . 

Iron wood . 

Mahogany . 

Maple . 

Oak live . 

Oak, white . 

Pine, white . 

Pine, yellow northern. 

Pine, yellow southern. 

Spruce . 

Walnut . 


PAINT 

One gallon of paint will cover 260 to 
400 sq. ft. as a first coat, depending on 
the character of the surface, and from 360 
to 600 sq. ft. as a second coat. 

PLASTER 

One thousand laths will cover 70 sq. 
yds. of surface, and 7 lbs. of lath nails will 
nail them on. Eight bushels of good lime, 
16 bushels of sand, and one bushel of hair 
will make enough good mortar to plaster 
100 square yards. 

HAIR 

11/^ bushels will do 100 square yards of 
plastering. LATH 

For 100 square yards, 1,600 lath are 
required. 

% of a yard is required for every barrel 
of lime. 

2 bbls. will plaster 100 square yards, 
one coat. 

Sy 2 bbls. will plaster 100 square yards, 
two coats. 

1 bbl. will lay 1,000 brick, but must be 
good lime. 

bbl. will lay one perch of rubble 

stone. 

2 bbls. will lay one cord of rubble stone. 

8 bbls. will lay 100 cubic feet of wall. 

SECTION II 


WBZOKT8 Ain> AVOUS OV BBPOSB 

Various Kinds of Loose and Dry Materials 


Kind of Material 

Size of 
Material 

Ratio of 
Slope 

Angle of 
Repose 

Weight 
per Cu. Ft. 
Pounds 

Ashes, dry . 


1 on 

1 

45* 

40 

Cinders, bituminous, dry. 


1 on 1 


46* 

45 

Clay, in, lumps, dry. 


lonlV4 

36* 52' 

63 

Clay, damp, plastic. 


1 on 3 


18* 26' 

110 

Clay and gravel, dry. 


1 on 1* 


86* 52' 

100 

Clay, gravel and sand, dry..., 


1 on 11 

% 

36* 52' 

100 

Coal, anthracite . 


1 on 1 


45* 

97 

Coal, bituminous . 


1 on 1 


45- 

84 

Coal, coke . 


1 on 1 


46* 

75 

Coal, anthracite, in pile, loose. 


1 on 11 


36* 52' 

53 

Coal, bituminous, in pile, loose. 


1 on 11 


86* 52' 

47 

Coal, coke, in pile, loose. 


1 on 11 


86* 62' 

23 

Earth, perfectly dry, loose_ 


1 on 11 


36* 62' 

76 

Earth, perfectly dry, packed.. 


1 on 11 


36* 62' 

95 

Earth, slightly moist, loose... 


1 on 1 % 

36* 62' 

78 

Earth, more moist, packed.... 


1 on 1 


46* 

96 

Earth, soft flowing mud. 


1 on 3 


18* 26' 

108 

Earth, soft mud packed. 


1 on 3 


18* 26' 

115 

Gravel, dry . 

I'' and less 

lonl% 

36* 62' 

104 

Gravel, dry. 

Up to 2%" 

1 on 1V4 

36» 62' 

96 

Limestone fragments, dry. 

1" and less 

1 on 1 


45* 

85 

Limestone fragments, dry. 

Up to 2%" 

1 on 1 


45* 

80 

Sand, clean and dry. 


Ion 1% 

33* 41' 

90 

Sand, river, dry. 


lonl% 

33* 41' 

106 

Sandstone fragments . 


1 on 1 


45* 

90 

Shale fragments . 


1 lonl% 

36- 62' 

105 


SHINGLES REQUIRED IN A ROOF 

Double the rafters and multiply by length of building. 
Multiply this by 9 if exposed 4 inches, by 8 if exposed 4% 
inches, and by 7% if exposed 5 inches, to the weather. 

Two thousand shingles lai d 4 inches to the weather will 
cover 200 square feet of roof, and lOY^ pounds 4-penny 
nails will fasten them. 
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BUILDING DATA, 


Miscellaneous Building Data—Continued 


BOASD MBA8UBB 

Number of Board Feet Per Lineal Foot for Various Widths and Thicknesses 


BVMBZB TABZB 

For convenience the number of Board 
Feet in Single Pieces of the Com¬ 
mercial Sizes are given below. 


lengths in fbbt 



Thickness of Board, Inches 



0 250 

0.375 

0.500 

292 

.438 

.583 

333 

500 

.667 

375 

563 

.750 

417 

625 

.833 

.500 

750 

1 300 

583 

875 

1 167 

667 

t 000 

1 333 

750 

1 125 

1 500 

833 

1.250 

1 667 

917 

1.375 

1 833 

1 000 

1.500 

2.000 

1 083 

1 625 

2.167 

1 167 

1-750 

2.333 

1 250 

1 875 

2.500 

1 333 

2 000 

2 667 

1 500 

2.230 

3.000 

t 667 

2 600 

3 333 


.250 


0.000 10.00 
9.750 10.83 



STBBVOTK or TXMBBB 

Safe Loads in Tons, Uniformly Distributed, for White Oak Beams 


SPBOZrZC OBAVZTY ABD WEIOST OF WOOD 


Formula: W=- 


W—safe load in pounds: P, extreme fibre-stress— 
1000 lbs. per square inch, for white oak: B, breadth 
in inches; D, depth in Inches; L, distance between 
supports in inches. 


DISTANCE BETWEF.i'i SUPPORTS IN FEET 


1 


Safe Load in 

Tons of 

2000 

Pounds 

1 6 

) 

8 

10 11 12 14 1 

15 16 

17 

18 19 21 23 25 26 


2x 6 

0.67 

0.50 

0.40 

0.36 

0.33 

0.29 

0.27 

0.25 

0.24 0.22 


.... 




2x 8 

1.19 

0.89 

0.71 

0.65 

0.69 

0.51 

0.47 

0.44 

0.42 0.40 

0.37 

0.34 

0.31 

0.28 


2x10 

1.65 

1.39 

1.11 

1.01 

0.93 

0.79 

0.74 

0.69 

0.C5 0.62 

0.58 

0.53 

0.48 

0.44 

6.43 

2x12 

2.67 

2.00 

1.60 

1.45 

1.33 

1.14 

1.07 

1.00 

0.94 0.89 

0.84 

0.76 

0.70 

0.64 

0.62 

3x 6 

1.00 

0.76 

0.60 

0.55 

0.50 

0.43 

0.40 

0.37 

0.35 0.33 

0.32 

0.29 

0.26 



3x 8 

1.78 

1.33 

1.07 

0.97 

0.89 

0.76 

0.71 

0.67 

0.63 0.69 

0.66 

0.51 

0.46 

0.43 

6.4i 

3x10 

2.78 

2.08 

1.67 

1.62 

1.39 

1.19 

1.11 

1.04 

0.98 0.93 

0.88 

0.79 

0.72 

0.67 

0.64 

3x12 

4.00 

3.00 

2.40 

2.18 

2.00 

1.71 

1.60 

1.60 

1.41 1.33 

1.26 

1.14 

1.04 

0.96 

0.92 

3x14 

6.45 

4.08 

3.27 

2.97 

2.72 

2.37 

2.18 

2.04 

1.92 1.82 

1.72 

1.56 

1.42 

1.31 

1.25 

3x16 

7.11 

5.33 

4.27 

3.88 

3.56 

3.05 

2.84 

2.67 

2.51 2.37 

2.25 

2.03 

1.86 

1.71 

1.64 

4x10 

3.70 

2.78 

2.22 

2.02 

1.85 

1.59 

1.48 

1.39 

1.31 1.23 

1.17 

1.^6 

0.97 

0.89 

0.85 

4x12 

5.33 

4.00 

3.20 

2.91 

2.67 

2.29 

2.13 

2.00 

1.88 1.78 

1.68 

1 2 

1.39 

1.28 

1.23 

4x14 

7.26 

5.44 

4.36 

3.96 

13.63 

3.11 

2.90 

2.72 

2.56 2.42 

2.29 

2.07 

1.90 

l 74 

1.68 

4x16 

9.48 

7.11 

5.69 

6.17 

4.74 

4.06 

|3.79 

3.56 

3.35 3.16 

3.00 

2.71 

2.47 

?.28 

2.19 

4x18 

12.00 

9.00 

7.20 

6.55 

6.00 

1 

5.14 

4.80 

4.60 

4.24 4.00 

3.79 

3.43 

3.13 

2..88 

2.77 


For other kinds of wood than white oak multiply the figures in iJie 
table by a figure selected from those given below (which represents the 
safe stress pi.r square inch on beams of different kinds of wood according 
to the building laws of the cities named) and divide by lOOC 


New York 
Boston ... 
Chicago .. 


1 ( 

Spruce 1 

White 

Pine 

Oak 

Yellow 

Pine 

900 

900 

1100 

1100* 

750 

750 

lOOOt 

1250 


900 

1080 

1440 


•Georgia Pine, tWhite Oak. 


WINDOW ODA88 

TUckiiess and Weight per 8qiiare Foot 



^eclfic 

Gravity 

Average 

Specin^c 

Gravity 

Weight 

per 

Cubic 

Foot 

Pounds 





Alder . 

0.56 to 0.80 

0.68 

42 

Apple . 

.73 to .79 

.76 

47 

Ash . 

.60 to .84 

.72 

45 

Bamboo . 

.31 to .40 

.35 

22 

Beech . 

.62 to .85 

.73 

46 

Birch . 

.66 to .74 

.66 

41 

Box . 

.91 tol.33 

1.12 

70 

Cedar . 

.49 to ..76 

.62 

39 

Cherry . 

.61 to .72 

.66 

41 

Chestnut . 

.46 to .66 

.56 

35 

Cork . 

.24 to_ 

.24 

15 

Cypress . 

.41 to .66 

.63 

33 

Dogwood . 

.76 to- 

.76 

47 

Ebony . 

1.13 tol.33 

1.28 

76 

Elm . 

.56 to .78 

.61 

38 

Fir . 

.48 to .70 

.69 

87 

Gum . 

.84 to 1.00 

.92 

67 

Hackmatack .. 

.69 to_ 

.59 

87 

Hemlock . 

.36 to .41 

.38 

24 

Hickory . 

.69 to .94 

.77 

48 

Holly . 

.76 to_ 

.76 

47 

Hornbeam .... 

.76 to _ 

.76 

47 

Juniper . 

.56 to- 

.56 

35 

Larch . 

.66 to- 

.66 

35 

Lignum Vitae. 

.65 tol.83 

1.00 

62 

Linden . 

.604 to_ 

.... 

37 

Locust . 

.728 to_ 

.... 

46 

Mahogany .... 

.56 to 1.06 

.81 

51 

Maple. 

.67 to .79 

.68 

42 

Mulberry . 

.56 to .90 

.73 

46 

Oak, Live. 

.96 to 1.26 

1.11 

69 

Oak, White.... 

.69 to .86 

.77 

48 

Oak, Red. 

.73 to .76 

.74 

46 

Pine. White... 

.35 to .55 

.46 

28 

Pine, Yellow.. 

.46 to .76 

.61 

38 

Poplar . 

.38 to .58 

.48 

SO 

Spruce . 

.40 to .50 

.45 

28 

Sycamore .... 

.59 to .62 

.60 

37 

Teak . 

.66 to .98 

.82 

51 

Walnut . 

.50 to .67 

68 

86 

Willow . 

.49 to .69 

.64 

34 

WIND FBBSSUBS ON BOOF8 

Pounds to a Square Foot 



No. 

™ck- Weight 

No. 

Thick- Weight 

No. 

Thick- Weight 


ness 


ness 


ness 


Inches 
in a Foot 
of Run 


Angle 

with 

Horizontal 


Proportion 
Rise to I 
Snan 



.059 in. 12 

.063 in. 13 

.071 in. 15 

.077 in. 16 



.083 in. 

.091 in. 

. 1 in. 

.Ill in. I 24 oz. 



1 

.126 in. 

1 

26 

.154 in. 

32 

.167 in. 

36 

. 2 in. 

42 



Pressure 
Normal 
to Slope 
16.8“~ 
23.7 

29.1 

36.1 


SNOW AND WIND LOADS 


Data in regard to snow and wind loads is necessary in con¬ 
nection with the design of roof trusses. 

8now Load —When the slope of a roof is over 12 inches rise 
in a foot of horizontal run, a snow and accidental load of 8 
pounds to a foot is ample. When the slope is under 12 Inches 
rise to a foot of run, a snow and accidental load of 12 pounds to 
a square foot should be used. The snow load acts vertically, and 
should therefore be added to the dead load in designing roof 
trusses. The snow load may be neglected when a high wind 

MINING CATALOG 


pressure has been considered, as a great wind storm would very 
likely remove all the snow from the roof. 

Wind Load —The wind is considered as blowing in a hori¬ 
zontal direction, but the resulting pressure upon the roof is 
always taken normal (at right angles) to the slope. 

Table above gives the pressure exerted upon roof of different 
slopes, by a wind pressure of 40 pounds to a square foot on a 
vertical plane, which is equivalent to the intensity of a violent 
hurricane. 

Si:CTION II. 


Digitized by 


Google 























































































00 CONCRETE DATA. 


Data on Concrete 


MIXTURES RECOMMENDED FOR VARIOUS 
TYPES OF CONCRETE WORK 


Concrete 

1:2:3 mixture for: 

One-course concrete walks and pavements. 
One-course floors. 

Roofs. 

Fence posts, mine timbers and sills, and 
lintels without mortar surface. 

Water troughs and tanks. 

1:2:4 mixture for: 

Reinforced concrete floors, beams and col¬ 
umns. 

Large engine foundations. 

Work exi)osed to vibration. 

1:2 ^ :4 mixture for: 

Building walls and foundations of under- 
^ound workings. 

Backing of concrete block and similar cement 
products. 

1:2^ :5 mixture for: 

Basement walls and foundations of above 
ground structures. 

Small en^pne foundations. 

Base of sidewalks and two-course floors. 
1:3:5 mixture for: 

Mass concrete footings. 

Mortar 

1:1 mixture for: 

Facing water tanks. 
lilYz mixture for: 

Wearing course of two-course floors. 

1:2 mixture for: 

Scratch coat of exterior plaster. 

Facing blocks and similar cement products. 
Wearing course of two-course walks, street 
and highway pavements. 

1:2i/i mixture for: 

Finish coat, exterior plaster. 

Fence posts, when coarse aggregate is not 
used. 

1:3 mixture for: 

Concrete blocks, when coarse aggregate is 
not used. 

Cement drain tile, when coarse aggregate is 
not used. 


Water used in mixing concrete should be 
clean and free from organic matter. The amount 
required depends largely upon the character of the 
work to be done. Wherever possible, it is desirable 
to mix concrete to a “quaky” consistency, so that 
the mass will readily settle into all parts of the 
forms in which it is being placed, with a minimum 
amount of puddling or tamping. If too much water 
is used the cement-sand mortar will separate from 
the coarse aggregate. Also, if the forms are not 
watertight, water will flow out and carry a good 
deal of cement with it, thus robbing the concrete 
of its most vital constituent. 
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QVAXTZTias or BAin> Ain> okavu om STon SBQums 
rOB A OHB-BAO BATCH OT XOBTAB OB OOBOBBTB, 
ABB TOBUHB OT BBSUBTIBO OOXPAOTBB 
XOBTAB OB OOBOBBTB 


MIXTURES 

MATERIALS 

VOL.IN CU.FT. 

Cement 

Sand 

Gravel or 
Stone 

Cement in 
Sacks 

Sand 

Cubic Feet 

Gravel or Stone 
Cubic Feet 

Mortar 

s 

S 

1 

1 

1.5 


1 

1.6 


1.76 


1 

2 


1 

2.0 

... - 

2.1 

.... 

1 

2.5 


1 1 

2.5 


2.8 

.... 

1 

3 


1 

3.0 

.... 

2.8 

.... 

1 

2 

3 

1 

2 

3 

.... 

8.8 

1 

2 

4 

1 1 

2 

4 

.... 

4.5 

1 

2.5 1 

4 

1 

2.6 

4 


4.8 

1 

3 

5 

1 1 

3 

5 

.... 

5.8 


QBABTITIBB OF OBXBBT, BAtm ABO OBATBB OB BTOBB 
BEQUIBEO FOB OBB CUBIC TABB OF OOXFAOTBB 
XOBTAB OB OOBOBBTB 


MIXTURES 

QUANTITIES OF MATERIALS 

Cement 

Sand 

Gravel or 

Stone 

Cement 

in 

Sacks 

Sand 

Stone or 
Gravel 

Cubic Feet 

Cubic Yards 

Cubic Feet 

Cubic Yards 

1 

1.6 


16.6 

23.2 

.86 



1 

2 

- - - - 

12.8 

26.6 

.96 

.... 

.... 

1 

2.5 

.... 

11.0 

27.6 

1.02 

.... 

.... 

1 

3 

F 

9.6 

28.8 

1.07 

- -.. 

.... 

1 

2 

3 

7.0 

14.0 

.62 

21.0 

.78 

1 

2 

4 

6.0 

12.0 

.44 

24.0 

.89 

1 

2.6 

4 

6.6 

14.0 

.62 

22.4 

.83 

1 

3 

6 

4.6 

13.8 

.61 

23.0 

.85 


Stone and gravel equal 46 per cent, voids (average); 1 sack 
cement equals 1 cubic foot: 4 sacks equal 1 barrel. 

Based on tables in “Concrete, Plain and Reinforced,** by 
Taylor & Thompson. 

Particles of aggregate which will pass a ^-inch 
screen (one having 4 meshes per lineal inch) are 
considered as sand; coarse aggregate, either 
screened gravel or crushed stone, shall all be coarser 
than i/4-inch, and for ordinary work the maximum 
diameter should not exceed IV 2 inches. One sack 
of Portland cement (94 pounds net) is considered 
1 cubic foot, and each batch of concrete should be 
some multiple of 1 sack. A 1:2:4 mixture, there¬ 
fore, means 1 sack of Portland cement, 2 cubic feet 
of sand, and 4 cubic feet of gravel or broken stone; 
sand and ^avel to conform as regards size, grading 
and cleanliness, to the speciflcations already given. 

* * * * 

The strength of concrete increases considerably 
with age. For example a Portland cement concrete 
1 month old will crush under a load of about 15 tons 
per square foot, while if it is a year old it will sus¬ 
tain about 100 tons per square foot. These figures 
under favorable conditions may be nearly doubled. 
Natural cement concretes, with various proportions 
of materials and of ages from 6 months to 4 years, 
showed crushing strengths of from 70 to 100 tons 
per square foot. 
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_ KNOTS AND HITCHES, ^1 

SOME USEFUL KNOTS FOR 
ENGINEERS * 


The knots described in this series of articles 
have been useful to me in my work in out-of-the- 
way places. Fig. 1 indicates the meaning of the 
terms employed. 

Fig. 2, Simple or Overhand Knot—^This is the 
simplest of all knots to tie, and may be used as a 
stop on a rope. A free end is necessary to make it. 
If strained, it injures the fiber of the rope more 
than a figure-8 Imot, and it is difficult to unmake 
and liable to jam. 

Fig. 3, Double Overhand Knot—^This knot is 
used for the end of a rope when it is required to 
prevent its going through an eye, as in a pulley 
block, or for the end of a halter rope. It is also 
useful for shortening a rope. It may be made with 
any number of turns: A in the illustration shows 
the fiirst position; B, the knot finished with two 
turns; and C, one with four full turns of rope. 


Fig. 4, Figure-8 Knot (Flemish)—^This knot 
may be employed as a stop on a rope; is less in¬ 
jurious to the fiber of the rope, and more easily 
undone than either the single or double overhand 
knot. If made with the rope doubled and the bight 
left long, it becomes a figure-8 hoop knot. 

Fig. 5, Stevedore Knot—The end of the rope is 
wrapped twice around the standing and then passed 
through the eye. It is useful as a stop on a rope to 
prevent the end going through an eye, as in a pulley 
block (see double overhand knot). It is also em¬ 
ployed instead of sewing the rope ends with twine. 

Fig. 6, Boat Knot (Marline-spike Hitch)—Suit¬ 
able for quickly making a rope ladder, or getting a 
temporary pull on a rope with a marline-spike. No 
free ends are required to form this knot. The point 
marked A must always be at the back of the spike 
or rung of the ladder, away from the direction of 
the weight or pull. 



Simple, Stop and Slip Knots, Ladder Hitch and Bowlines 


•A Livlnirston Oke, in Eng. and Min. Journal. 
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Fig. 7, Slip Knot (Simple Running Knot)—^The 
simplest kind of slip knot. It may be used similarly 
to the packer’s knot (described elsewhere in this 
article), but is not so good, as it is liable to pull 
through and does not bind on the rope. 

Fig. 8, Tomfool Knot (Double Running Knot)— 
When the loops are drawn taut and the ends tied, 
this makes a pair of handcuffs which it is almost 
impossible for the person so secured to undo. It 
may be used as a barrel sling, half-hitches being 
put on the ends, and the hook put under the knot 
itself. The bight marked 3 is passed through the 
overhand loop as shown by the dotted line. 

Fig. 9, Flemish Loop—This knot makes a sim¬ 
ple loop for light work and may be used in the same 
way as a bowline, but is not so quickly made; 
neither is it so secure nor so easily undone. The 
security depends almost entirely upon the check 
knot. 

Fig. 10, Bowline—A generally useful knot when 
a loop of any sort that will not slip is required, as 
in a sling for lowering a man, or fastening a bucket 
to a rope. 

Fig. 11, Running Bowline—As shown in the first 
position a half turn is made at A (shown dotted) 
and the end passed through and to the back of the 
part marked B. This is a good slip knot and does 
not tighten on the standing, always remaining open. 


Fig. 12, Bowline II—A method of attaching the 
end of one rope to the standing of another. A half 
turn is put in the standing and the end of the other 
rope taken through as in tying an ordinary bow¬ 
line. The knot is practically a sheet bend. 

Fig. 13, Bowline on a Bight—^The part marked 
A is passed behind B and then in the direction of 
the arrow to C. The bight B is then pulled taut. 
The two loops of this knot may be used as a man 
sling, a barrel sling, or as a double man-harness, 
one loop under each shoulder. When tightened it 
will not slip. 

In using this knot for lowering a man into na¬ 
tive or other old working in countries where 
snakes are encountered, it is well to put only one 
leg through the two loops. Also, in case of an 
injured man, one of the loops can be kept shorter 
than the other and adjusted under the arm-pits, the 
man being seated in the larger loop. This may also 
be done to allow freedom for the arms when taking 
samples in winzes or shafts. 

Fig. 14, Open-hand Loop Knot and Figure-8 
Loop Knot—^Ihe upper loop knot is the one in com¬ 
mon use and is adapted principally for small ropes. 
The lower, or Figure-8 knot, is a better form and 
may be used on a larger rope as it injures the fiber 
less than the common form. These knots require 



Fig. 23. C love Hitch. 


Loops, Harness, Packer s Knot and Hitch 


SECTION II. 


MINING CATALOG 


Digitized by 


Google 




























KNOTS AND HITCHES. 


& greater length of rope than the bowline, but may 
be used in similar ways. 

Fig. 15, Man-harness Knot—^This knot can be 
tied in a rope with neither end free. The bight A 
is pulled through under B and over C, and the knot 
pulled taut. It is useful as allowing a number of 
men to get a good purchase on a rope for hauling; 
also to put loops in the rope to receive hooks at 
points other than the ends. 

Fig. 16, Packer’s Knot—^This knot is a modifica¬ 
tion of a simple slip knot, but has the advantage, 
when pulled tight, of biting on the standing at A 
and not easily slipping back. It is particularly use¬ 
ful for cording up rolls of camp bedding, etc. It 
can be made permanent by an added half hitch on 
the standing. 

Fig. 17, BlackwaU Hitch—A simple method for 
returning an empty rope on a hook. With a greasy 
rope, method B holds better. 

Fig. 18, Modified Fisherman’s Bends—^These 
are given as alternatives for securing ropes to poles 
or bars, and are adapted to heavy strains. 

Fig. 19, Fisherman’s Bend—^This is a better 
method than the gooseneck or lark’s head (Fig 20) 
for securing a rope to a chain or link. It is also 
used to fasten the rope to a bar or the bail of a 
bucket. Lashing at A is necessary to prevent pull¬ 
ing through. As shown in first position, two turns 
are taken over the link and the end brought back 
in front and passed through the turns as shown 
dotted. 

Fig. 20, Lark’s Head—This knot is useful for 
fastening a rope to the link of a chain or to a ring 
in a wall or box. It is not a secure knot unless 
lashed at A. B shows a toggle inserted to prevent 
slipping. C is a modified gooseneck on a bar, suit¬ 
able for securing the end of a rope in scaffolding. 
The end must be placed at the back and the whole 
pulled taut. 

Fig. 21, Half Hitch—A quick and simple way 
of securing a rope to a timber when no great pull 
is expected. The rope end is placed under the pole, 
then back over the right as shown. The end must 
alvrays be placed right at the back away from the 
pull, as shown at A. The right-hand sketch shows 
the hitch with a slip to facilitate undoing. 

Fig. 22, Timber Hitch—This is the best and 
simplest of all timber hitches and may be used for 
towing or otherwise handling timber, rods, pipes, 
etc.; also for starting lashings on scaffolding or any 
kind of pole work. For raising or lowering timber, 
the half hitch should be placed high above the cen¬ 
ter of gravity to avoid slanting. 

Fig. 23, Clove Hitch—^This is one of the most 
useful of all hitches, as it will take a strain in 
either direction without slackening. It is used for 
mooring ships, heads of derricks for guy lines and 
all kinds of rigging work. It is easily undone, or a 
bight may be put in instead of one end to use as a 
slip. When commencing to tie the hitch on a hori¬ 
zontal bar, the rule is over and back below, or the 
reverse of the procedure in tying a half hitch. 

Fig. 24, Rolling Hitch—This lashing is used for 
getting a grip on a large rope with a smaller one. 
Made in chain it can be applied to wire ropes and 
will not slip when the load has been taken up. It 
is also suitable for hauling on electric cables, or 
withdrawing diamond-drill or other rods. For se¬ 
curing the end A may be brought down and lashed 
to the large rope. In making, the end is passed over 


the spar twice, then returned back as shown at (3), 
then over behind as at (4), and up and under as 
at (6). 

Fig. 25, Open-Hand Knots—These knots are use¬ 
ful for tying small ropes and cords together. A 
shows the two rope ends laid together and a simple 
knot tied in them. It is bulky and bad for the rope, 
and has nothing in its favor but the facility with 
which it can be tied. When tied with a Flemish 
Imot B, the rope is not injured so much when 
strained, but the knot is even bulkier than the first 
form. 

Fig. 26, Fisherman’s and Hawser Knots—These 
knots serve the same purpose and are less bulky 
than the open-hand knots. A is mostly used for 
joining fishing lines, and it may be whipped or 
served as shown to prevent the ends coming to¬ 
gether. B is suitable for large ropes. A simple 
knot is made on one end and the other end then 
t^en around as shown by the dotted lines. It may 
also be made on a figure-8 knot as shown at C. 

Fig. 27, Square or Reef Knot—^This is the most 
commonly used knot for joining ropes of equal size 
when not of very large diameter. When properly 
tied it is fairly easily undone. The left-hand end 
is always placed over the one at the right, then 
passed under and once more over. The right-hand 
end is then brought around and the left-hand end 
passed over and under it. 

Fig. 28, Sheet Bend or Weaver’s Knot—^The best 
knot for small cord, twine or fish line. This knot is 
also suitable for joining two ropes of unequal size 
where no great strain is ejected. At A one of 
the ends is shown taken twice around the bight of 
the other rope to prevent jamming. B is a sheet 
bend with toggle to facilitate untying. 

Fig. 29, Carrick Knot—Employed for joining 
heavy ropes. The ends must be lashed to prevent 
the knot pulling together and to facilitate untying. 
The dotted line in second position indicates how 
black is pulled over black and then under white 
at A. 

Fig. 30, Double Carrick Knot—Used similarly 
to the carrick knot, and suitable for equal or un¬ 
equal ropes. When the ends are lashed it remains 
open under strain and is easily undone. 

Fig. 31, Other Forms of Carrick—These knots 
are especially adapted to heavy ropes. 

Fig. 32, Hawser Bends—^These bends are for 
joining heavy ropes. The bowline bend shown at A 
is strong and rdiable, but takes considerable length 
of rope. The half-hitch bend B makes an excellent 
permanent joint on heavy ropes. 

Fig. 33, Wall Knot—For finishing off a rope end. 
As shown in first position, the three ends are bent 
round as shown and then each in rotation is taken 
in the direction of the dotted lines. At A, the knot 
is shown started and ready for drawing tight; at B 
it is ready for crowning; and at C it is crowned 
and ready for tightening to complete the knot. 

Fig. 34, Shroud Knot—This is a useful method 
for joining rope ends to make a sling or instead of 
a short splice. As shown at A, a wall knot is 
started in the white rope, then the strands of the 
black rope are passed through the loops; another 
wall knot is then made with the black strands, and 
the two knots tightened up. A further wall may 
then be made on each side of the joint, or as many 
as may be desired. 
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KNOTS AND HITCHES. 

less strain comes on the toggle than in B and it is 
more easily slipped. 

Fig. 38, Derrick Head—Two clove hitches are 
employed as shown in A for two sets of lines. If it 
is desired that the lines should leave the pole from 
opposite sides, further half hitches may be put on 
until the overlaying of the turns brings the end 
around as shown in B. 

Fig. 39, Two-leg Derrick—^In A is shown the 
lashing started with a timber hitch and the end 
drawn through between the two poles. After the 
legs have been opened out, one or two turns are 
taken around vertically between the poles to bind 
the other turns together, and the lashing finished 
off with a clove hitch as in B. 

Fig. 40, Three-leg Derrick—The lashing is 
started with a timber hitch on one pole. The three 
poles are then laid together as in A and as many 
turns as required are taken around them. The rope 
end is temporarily pulled through the poles as 
shown. The three legs are then slightly spread and 
the turns around the poles are bound together by 
further vertical turns x in B. The lashing is then 
finished off with a clove hitch. 

Fig. 41, Building up Poles—To build up a double 
pole to form a gin pole, the ends are butted and 
joints broken as shown in A. Lashings are put on 
at either side of each joint. The same method is 




Knots for Joining, Finishing and Shortening Ropes 
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Fig. 35, Chain Knot—^This method of shorten- 
ing a rope has the advantage that when the toggle 
is pulled out the rope entirely undoes itself under 
a slight strain. It is more injurious to the rope 
than the sheep shank. In the diagram, the part 
marked A, shown dotted, is pulled through the half 
turn to position B. C is then pulled through to 
make the next loop. An alternative method D is 
shown for use instead of a toggle. 

Fig. 36, Sheep Shank—^This is a quick and ef¬ 
fective method of shortening a rope. No free end 
is required. Either a half hitch or boat knot may 
be used, and the loops may be lashed or secured 
by a toggle as shown. The first position A is as in 
making a bowline; the second position C shows one 
end finished. A half hitch is put in the end D, and 
the bight E is passed through it as shown. B 
shows the alternative method, employing a boat 
knot. 

Fig. 37, Slipping Lines—A method of attaching 
a rope to a spar or post is shown at A. For heavy 
strains the toggle should be smooth and tapered. 
B is a slipline arranged with two bowlines and a 
toggle. C is a half hitch with a slip; a clove hitch 
may be similarly employed. D is a slip on a slip 
knot. It can be used when the knot has to be made 
on the line before it is placed over the bar or post. 
In the arrangement with two bowlines shown in E, 


Digitized by 


Google 


















KNOTS AND HITCHES. 


employed with three poles, as shown diasrrammat- 
ically at B. 

Fig. 42, Pole Lashing—The bight is laid as 
shown in the lower sketch, and, after a sufficient 
number of turns are made, the end B is taken over 
outside the turns and put through the bight. End 
A is also put through the bight, and the whole 
tightened. 

Fig. 43, Pole Lashing—This form of lashing is 
shown started at A, then the end is brought over 
and passed back under the turns as in B, and the 
lashing finished as in C. 

Fig. 44, Scaffold Lashing—^This is a lashing for 
holding a crosspiece in place when the strain is 
from above and not laterally. Less rope is re¬ 
quired, but it does not lend itself to being tightened 
as well as the usual method. Fig. 45. 

Fig. 45, Scaffold Lashing. This lashing is 
started with a timber hitch and is shown diagram- 
matically at A. B shows the first stage of lashing 
with only two turns complete, and C shows a side 
view of the finished lashing. If desired, wedges 
may be driven into the lashing to thoroughly 
tighten the turns. 

Fig. 46, Whipping—A long bight is laid on the 
pole, turns taken around it, and the end drawn 


through the bight. This method of binding may 
be used to finish off a rope end; for binding splints 
to a fractured span to strengthen it; or to make 
the lashing on derrick heads and in scaffolding, 
the bight always being put well on the outside (see 
pole lashings). 

Fig. 47, Strop on Rope or Bar—An endless strop 
or sling is made and wrapped around the bar as 
shown. The diagram shows how the ends of the 
sling are alternately passed through each other. 
The power is, of course, to be applied to the toggle. 
This is a most excellent method for getting a strong 
grip on a smooth bar or tube, such as a drill casing 
or tube jammed in a drill hole. It is suitable for 
hanging a block or tackle to a gin pole or a mast 
or rope. The sling should be made of relatively 
small rope, as it grips better. This arrangement 
is more powerful than a rolling hitch. 

Fig. 48, Eye Splice—Open the rope as shown 
and pass the end B through to the back at D, and 
the end C through E; the center strand A will lie 
between the two strands x and y. A is now passed 
over X and under z; B over z and under y; C over y 
and under x. All three ends are now up, lying 
between two of the strands of the other part or 
standing of the rope. The process of over the next 
on the left end and then under the next strand but 
one is repeated as many times as the proposed load 
calls for. 




Slipping Lines, Eye Splice and Lashings for Derricks, Scaffolds and Poles 
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METHOD OF FRAMING SQUARE SETS 


Square sets were first used in the United States 
in 1860 by Philip Deidesheimer, at the Ophir Mine, 
Comstock Lode, Nevada. The method is often 
called the Nevada square-set system. 

Post-Butting vs. Cap-Butting Sets 

Practice is about equally divided between these 
types. Choice cannot be based on theoretical 
grounds alone, because: (a) unit pressures in 
square-set stopes generally exceed safe bearing 
values used for ordinary timber structures and 
hence there is considerable crushing of the joints; 
(b) direction or pressure is rarely parallel to caps or 
to posts, and its exact amount is never known; (c) 
distribution of stress in different members of a set 
under eccentric loading cannot be calculated, be¬ 
cause joints are indeterminate and the members 
do not fit exactly. 


the maximum pressure is lateral. Where pressures 
exceed safe bearing values, the joints are compress¬ 
ed. In cap-butting sets, ends of post bear entirely on 
wood in cross grain, and under vertical pressure the 
rate of compression is equal over the whole area 
of joint. In post-butting sets, under heavy vertical 
pressure, the post tenons or horns must fail before 
the cross-grain wood in caps and girts can aid in 
transmitting pressure to the post. As the rate of 
compression is not the same in all parts of a joint, 
settlement in a stope is often irregular. The set¬ 
tlement is greater and more irregular in post¬ 
butting than in cap-butting sets, and more auxil¬ 
iary timbers are needed in the former to keep the 



Fig. 1. 

Strength of timber under 
compression across the grain is 
from 10 to 20% of its compressive 
strength parallel to the grain. In 
framing post-butting sets, the 
area of the post tenons is made 
12 to 44% of area of the joint; in 
cap-butting sets, the area of cap 
tenons is 10 to 66% of the area of 
the joint. Hence, under pressure 
\vithin the limit of safe bearing 
values, square-set joints are al¬ 
ways strongest in the direction in 
which the tenons butt. For such 
conditions of loading, post-butting 
sets should be used where the di¬ 
rection of maximum pressure is 
vertical; cap-butting sets, where 
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TIMBER FRAMING DATA. 


floors level. For this reason, many engineers pre¬ 
fer cap-butting sets for heavy vertical pressure, 
and practice is almost uniform in using them for 
heavy lateral pressure, also, though arguments like 
the above indicate the superiority of post-butted 
sets. But, in heavy ground. Ailing follows mining 
closely and takes most of the lateral pressure; the 
smaller and more uniform rate of vertical settle¬ 
ment of cap-butting is a strong argument for their 
use in such ground. 

Square-sets may also fail by “jack-knifing”; 
posts swing out of line and eventually a girt or cap 
drops, allowing adjacent sets to collapse. Hence, 
wide seats for girts and caps are desirable, and are 
commonly given in cap-butting sets. In post- 







cially for hand framing. Post-butting sets are 
generally simpler and cheaper to frame than cap¬ 
butting sets, but the difference is small when fram¬ 
ing machines are used. Complicated joints resist 
distortion better because of the numerous shoul¬ 
ders, but this advantage is doubtful, as comers are 
points of weakness at which crushing begins, and 
such joints are difficult to assemble if the timbers 
have been even slightly crushed. Symmetrical 
framing is best. It costs less to place timbers when 
the posts can be set either end up; caps and girts 
also should be framed so that either of two opposite 
faces may be placed upwards. 

Fig. 1 shows the method of framing used at the 
High Ore mine at Butte. It is a simple joint of the 
post-butting type and lends itself 
readily to being framed by hand. 
It is unsymmetrical, with a 6-inch 
horn at the top and 4-inch at bot- 
yA secures a shallower 

mortise at top of the set, which is 
easier to clean out and allows “flirt- 
ing” the post, if sets have swung 
, slightly out of line. This method 

jiI is very similar to the original Deidesheimer set. 

t , Fig. 2 represents the Burlingame method of 
'|| framing. It is one of the best of the post¬ 
il butting sets, the caps and the girts being 


RtCMMOND FHAMINO 


butting sets, wide seats are obtainable only by re¬ 
ducing the size of the post hom. Long horns of 
small cross-section are always objectionable, as 
they break too easily. With timbers over 10 by 10 
inches, post-butting sets with adequate shoulders 
and horns are readily framed. Sometimes to give 
a wider bearing for either girt or cap, horns on 
posts are not of square section; they require a com¬ 
plicated framing machine. Note that girts are 
more apt to pull away from their seats under light 
than heavy pressure. 

The following are some empirical rules with 
regard to framing details: (a) length of the post 
hom should be less than its least cross-sectional 
dimension; (b) girts and caps should have a seat 
on the post not less than 2 inches wide; a wider 
shoulder is desirable. Simple framing is best, espe- 
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Fi£:. 5. Eureka System. 


Fig. 6. Square Set Used in 
Anaconda Group. 

dapped down so as to catch the body 
of the posts, so that any side shock 
coming on the post is not thrown en¬ 
tirely upon the hom. 

Fig. 3 gives the details of the set 
used at the Copper Queen mine, Bis- 
bee. It is a post-butting set. This 
is very similar to the High Ore set, 
the difference being that the cap and 
not the girt is dapped. In the larger 
sized timbers at this mine both girt 
and cap are commonly dapped. Fig. 
3 shows details of pieces for the whole 
comer set. 


MINING CATALOG 


SECTION II. 


Digitized by 


Google 





TIMBER FRAMING DATA. 


t 

Fig. 4 represents the framing used at the Rich¬ 
mond mine, at Eureka, Nevada, which, as can be 
seen, is rather complex. Owing to its being rather 



complicated it was more expensive to frame, al¬ 
though, owing to the more shoulders that there 
were, it resisted distortion better than less simple 
tj^es. It is characterized by a dapping of both the 
girt and the cap, so that they come down on the full 
face of the post for a little ways. It is a post¬ 
butting type. The reason for a rather complicated 
system at this mine was the heavy ground encoun¬ 
tered with great side pressure. At that time the 
stopes were kept open by the timber alone without 
miing. 


Fig. 6 embodies a principle in timbering not 
ordinarily appreciated. This is the use of the 
“squeeze piece” to keep the timbers from being 
damaged by the unequal loading they are apt to 
receive when the weight first comes on them. This 
is an advisable method to use where very heavy 
ground is encountered, especially with great side 
weight, to gradually t^e up the creep. The most 



Fig. 8. Syndicate Group. 


serious objection is that unequal settling is likely 
to give uneven floors and to make the connecting 
up of break-throughs awkward. It is a cap-butting 
form, known as the Eureka type. 



Fig. 10. 


SECTION II. 


MINING CATALiOO 


Digitized by LjOOQie 




TIMBER FRAMING DATA. 




Figs. 6 and 7 are two forms used at the Ana¬ 
conda and Leonard mines, respectively. Both are 
cap-butting forms similar in a general way to the 
Eureka type. In the Anaconda set the girt as well 
as the cap and post is framed. In the Leonard set, 
the girt is not framed but it as well as the cap rests 
fully on the post. This is regarded by many as the 
best framing for square timber. It is cheap, simple 


and retains full strength of timber for both lateral 
and vertical pressure. 

Fig. 8 is another Butte form used in the Syndi¬ 
cate group. Also a cap-butting type. The girt is 
framed so as to gain over on the horn of post just 
enough as does the cap. The caps, though, have 
horns long enough to butt. This form provides 
wider supports for the horizontal members, which 
is an advantage especially with small timbers, but 
weakens the cap horn. Unsymmetrical cap and girt 
horns increase framing cost and difficulty of placing 
timbers. 

Fig. 9 is another cap-butting form. In this 
type the bottom end of the post is not framed, but 
sets in the depressions made by stepping back the 
top shoulder of the caps. This gives a shallow 
mortise with open comers, making it easy to clean 
out. This form is used at Bingham, Utah, and 
Leadville, Colorado. 

Fig. 10 is the form used at the Esperanza mine, 
El Oro, Mexico. It will be noted that the post is 
unframed with caps butted. Since the post is un¬ 
framed and the members all symmetrical, the set 
is cheap to frame and to erect, and is good for light 
pressures. It is an especially good tsrpe for hand 
framing where light timbers can be used. 


FRAMING ROUND TIMBERS 


The framing of square sets out of round timbers 
has only become common of late years. They were 
not used formerly because of the difficulty of fram¬ 
ing’ good joints by hand. 

Round timber is cheaper, has lower freight 
rates, and is stronger per square inch, because the 
outer fibres are uncut; step-down framing, similar 
to Fig. 17 gives an efficient joint and removes the 
^eatest drawback to its use. But, round timber 
is harder to handle and align than square; caps 
must be slabbed to receive flooring, though cost of 
slabbing may be offset by value of slabs, if used for 
lagging. Reinforcement of round-timber sets is 



difficult and expensive. Use of round timber is in¬ 
creasing, especially in stopes where filling closely 
follows mining. Sound fallen timber, and some 
trees of poor grade, or too small to go to the saw¬ 
mill, often furnish adequate square-set timbers at 
reduced cost. 
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Square timber is best for sills. In some round- 
timber stopes, square timber is used for levels, 
manways and chutes, to cheapen work of reinforce¬ 
ment. Square timber is preferred for chute sets; 
it provides a flat space for spiking lining and lasts 
longer in heavy ground than slabbed round timber. 

There are shown herewith details of some of the 
different methods of framing round timbers. 

The simplest joint is made by first squaring the 
ends of the timbers for a sufficient length to avoid 
interference of their cylindrical surfaces at the 
joint, which is then framed as with square timber. 
This saves the cost of squaring the whole log, an 
important item in hand work. The disadvantages 
are: the joint utilizes a maximum of only 60% of 
the cross section of the timber, and round timber 
weighs at least 40% more than square of equal 
joint strength. Figs. 11 and 12 show simple fram¬ 
ings, open to the objections stated. They also pro¬ 
vide a poor seat for the bottom of the post. Both 
are used at the Clark mines at Butte. 

Fig. 13 shows a combination of square and 
round timbers. The posts are butted and are round 
timbers, as are the girts. The caps are made of 
square timbers. Practically the whole strength of 
the post is obtained, which is the most important 
thing in framing a square set; the timbers are 
easily reinforced, and easily stood, while all fram¬ 
ings meet in square comers and butt with square 
shoulders against one another. It also provides a 
smoother shoveling floor. 

Figs. 14, 15 and 16 show three different forms 
of bevel framing of round timbers. Fig. 18 repre¬ 
sents a form us^ at the Chillagoe mines in Austra¬ 
lia. It will be noticed that the caps and girts are 
both alike and meet in 45 degree bevels. There is 
little to recommend the framing except that it is 
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simple and answered the purpose for which it was 
desired, hand framing of round logs into square 
sets. Fig. 15 is another form first used by Brunton 



Fig. 15. Brunton Bevel Set. 



Fig. 15. Brunton Bevel Set Assembled. 

at Butte, but abandoned in favor of style shown in 
Fig'. 17. Owing to the beveling of the posts it was 
impossible to block these sets from the side until 
they had been blocked down from the top, so as to 
prevent the girts and caps from riding the post as 
blocking pressure was brought on them. Fig. 16 
illustrates a form where the shoulders of the post 
are square and the rest are beveled. It is used in 
the Mesabi iron district. This framing is a good 


one, as it provides for strong resistance of the top 
weight. A 1-inch squeeze space is left between the 
post tenons, giving a cushioning effect to prevent 
caps from splitting. It may be blocked in any direc¬ 
tion, with some of the members missing. It resists 
pressure well until the set begins to distort, when 



Fig. 17. Brunton Combination Bevel and Square Framing. 


the bevel joining of the caps and girts will cause 
the distortion to magnify rapidly as the weight 
continues to come on the timbers. 
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Pig. 16. 


Fig. 17 is a later form devised by Brunton to 
overcome the weaknesses of his former set. It is 
a combination bevel-and-square framing. It is 
simply a modification of the Richmond framing 
(Fig. 4), with bevels added to step down the stick 


to framing dimensions. It is a fairly good framing 
and the best of the bevel framings for round tim¬ 
bers. It is easily framed except the cap. This 
form is much used in the Butte district, 

Fig. 18 represents a later type of framing called 
the Amalgamated. In this system all the shoulders 
are square, and in order to approximate as closely 
as possible to full butting of the timber, it is neces¬ 
sary to use a series of these stepping-down shoul¬ 
ders. This is a cap-butting joint. The joint re¬ 
quires a large number of cuts, but is rather simple 
to cut, as special framers are used. To get the best 
results from this set it is necessary that the differ¬ 
ent members of any one set be of about the same 
size. 

In reinforcing of square sets made from round 
timbers, the only feasible way of doing this is by 
the use of bulkheads. Posts are hard to secure and 
means the cutting away of the surface to get bear¬ 
ing surface, which weakens the timber and seldom 
makes a good joint. 



Amalgamated 3TEP-DOYm Framing-— 
FIs. 18. 


Compiled from “Square-Set Timbering:’’ by C. T. Rice In Mining and Engineering World, 1912 and 1913. 
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SHAFT TIMBERING IN THE 
BUTTE DISTRICT 


The placing of the collar set is the first thing 
to be done in starting a shaft-. Its height above 
the ground is determined by the amount of room 



the weight of the shaft sets below and usually of 
the gallows frame. Posts resting on blocks are 
placed under each end, and diagonal braces are then 



available for the dumping of waste rock from the 
sinking operations. In a level place it is generally 
raised about 20 ft. The wall plates of the collar 
set are usually made 10 ft. longer than the shaft 
set, projecting 5 ft. at each end. This set bears 




Fig- 3. Wall Plate Splices Used In Butte District. 


placed around the shaft to carry part of the weight 
and prevent the set from moving. Figs. 1 and 2 
show the collar set of a two-compartment shaft, 
with diagonal braces and posts. 

The sizes of slides vary greatly in the district. 
At first 4 by 6 in. guides were used almost uni¬ 
versally, but lately the size has been increased to 
4 by 9 in. and 5 by 9 in., held in place with % by 
8 in. or % by 9 in. lag screws. The larger size 



Fig. 4. Shaft Bearers, Side and End View. 

guide can stand heavier loads and greater shocks, 
and two lag screws are used in each timber; the 
holes, two in number, are placed dia^nally across 
in the other direction, giving fresh timber for the 
screws to hold to. 

Guide posts are vertical posts running behind 
the guides to give them more support. They are 
framed into the centers and end plate of the shaft. 
When used they are carried in the main hoisting 
compartment, but not in the pump compartment. 
They are the same width as the centers, and usually 
12 in. in the other direction. 
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Fig. 6. Complete Shaft Set with Framing Details for Three- 
Compartment Shaft. 


Fig. 7. Isometric and Framing Details of Leonard Four- 
Compartment Shaft. 
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block is placed between the set and the wall, the 
wedging being done between the block and the wall. 
When, however, the ground breaks back farther, a 
block of about 5 in. thickness is placed back of 
the center and toe-nailed. A stringer the len^h 
of the shaft is then placed along the side and nailed 
to the blocks. Blocks are again placed, and then 
stringers as needed. The wedging is then done 
between the blocks and stringers. The wedges 
should be driven from below as well as from above. 

Fig. 6 shows isometric of complete shaft set 
for three-compartment shaft, also framing details 
of the set. Two compartments are for hoisting 
and one for ladder-ways, etc. Timbers used are 
12 by 12 in. Guide girts are used in this case. 
This is the usual tsrpe of shaft used in the Butte 
district. 




Fig:. 10. Isometric of Shaft and Station Sets. 


Fig. 7 shows isometric and framing 
details of the Leonard four-compart¬ 
ment shaft. In this form two compart¬ 
ments are sinking and two are raising. 
14 by 14 in. wall plates are used. Verti¬ 
cal guide posts are used in this type. 
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Figr. 8. 


Fig. 8 shows an almost square shaft 
with three compartments. The two 
smaller ones are for the hoisting of ore 
and rock, while the third is for the 
handling of supplies, especially timber. 
A small part of this compartment is set 
apart for piping, wires, etc. This larg¬ 
er compartment is a great advantage in 
large mines which use the square set 
mehiod, for the amount of timber neces¬ 
sary is very large and in some cases de¬ 
lays the hoisting of the ore in the 
smaller shafts. The disadvantage of 
this type of shaft timbering is that it is 
more difficult to keep open in heavy 
ground. 

Fig. 9 shows the framing of a three- 
compartment rectangular shaft using 
one-piece wall plates. This is the form 
used in the Rarus and Tramway mines. 
The ground in this section of the district 
is heavy and this form has been found 
to- work well. 


Fig. 10 shows the type of station set 
used in the Butte district for a three- 
compartment shaft. In this set pro¬ 
vision is made so that settlement of the 
station timbers will not tend to puU the 
shaft timbers out of alinement. The 
shaft timbers are securely braced, how- 
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ever, against the station set. The methods of the general arrangement of the form used at the 
doing this differs greatly in the camp. The first Leonard mine. 

line of station sets, it will be noticed, are but a Fig. 12 shows the details of framing of one 
few inches away from the front of the shaft sets, form of overcoat set used in the district. This set. 
Due to the necessity of using long vertical stringers which is somewhat more costly than other forms, 
at a shaft station and due to the large opening of is less used, but is the best because it allows the 
the station itself, this is likely to be a weak point, lower jacket sets to stand up under the down 
so that it is quite common to use jacket or over- weight that may in time be thrown on them by the 
coat sets at these points. Fig. 11 shows in plan upper sets that are in bad ground. 



Fig. 9. Framing Details of Rarus Shaft Using One-Piece Wall Plate. 



Fig. 11. Leonard Jacket Set. 
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Compiled from **Shaft-Sinking Methods of Butte” by N. B. Braly, Trans. A. I. M. E., 1913, and "Shaft Timbering in the 
Butte Copper Mines” by C. T. Rice, Mining and Engineering World, 1913. 


MISCELLAN EOUS BUIL DING DATA 

FULLER’S RULE FOR CONCRETE QUANTITIES 
The simplest rule for determimng the quantities P X G X 3.8 


of materials for a cubic yard of concrete is one de¬ 
vised by William B. Fuller. It is expressed in words 
as follows: 

Divide 11 by the sum of the parts of all the 
ingredients and the quotient will be the number of 
barrels of Portland cement required for one cubic 
yard of concrete. The number of barrels of cement 
thus found, multiplied respectively by the “parts” 
of sand and stone, will give the number of barrels 
of each required for one cubic yard of concrete and 
multiplying these values by 3.8 (the number of 
cubic feet in a barrel), and dividing by 27 (the 
number of cubic feet in a cubic yard), will give the 
quantities of sand and stone, in fractions of a cubic 
yard, needed for one cubic yard of concrete. 

To express this rule in shape of a formula: 

Let C = Number parts cement; 

S = Number parts of sand; 

G = Number parts of gravel or stone. 

11 

Then -= P = number bbl. Portland 

CXGXS 

cement required for cu. yd. of concrete. 

P X S X 3.8 

— = number of cu. yd. of sand 
27 

required for 1 cu. yd. of concrete. 
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— = number of cu. yd. of stone 
27 

or gravel required for 1 cu. yd. of concrete. 

The accompanying table, is made up from 
Fuller’s rule and represents fair averages of all 
classes of material. 

XATBBZAXB POB OHB OVBIO TABS OF OOVOBBTB 


Proportions 

Cement 

Bbls. 

Sand 

Cu. Yd. 

Gravel or 
Stone 
Cu. Yd. 

1:1V6:3 

2.00 

0.42 

0.84 

1:2:4 

1.67 

0.44 

0.88 

l:2V6:5 

1.29 

0.45 

0.91 

1:3:6 

1.10 

0.46 

0.93 

1:4:8 

0.85 

0.48 

0.96 


If the coarse material is broken stone screened 
to uniform size, it will contain less solid matter in 
a given volume than an average stone, and about 
5% must be added to the quantities of all the ma¬ 
terials. If the coarse material contains a large 
variety of sizes so as to be quite dense, about 5% 
may be deducted from all of the quantities. 
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ORE CHUTE TIMBERING 


Figs. 1 and 2 show the standard chute and 
standard gate use at the North Butte mine at 
Butte. The two wooden doors control most con¬ 
veniently the flow of rock, but an iron door is also 
placed at the mouth of the chute to facilitate shut¬ 
ting it off at any time without having runs of rock. 



Fig. 1. Face of Card Shown In Fig. 2. 


standard Girt Chute 

Instructions: In starting to put in a chute, see 
that the ends of the bottom plank are directly over 
the near rail and 6 ft. 3 in. above it. The center 
of the standard should line with the center of the 
post at the top and be exactly plumb, regardless 
of the*batter on the sill posts. Bottom plank to be 
on a 45 degree slope; chute jaws 2 to 6 in. above 
the chute plank. In heavy ground make end of 
chute 5 ft. 8 in. above rail. 



9 In Ordering 
DifTcrent Perts 
of this Chute. 
Order by Number 
9 Each Piece is 
given a Number 
in the Sketch. 

9 If Complete 
Chute is Required 
State so when 
Ordering 


Fig. 2. With Table Given Below Makes Up Back of Card 
Shown in Fig. 1. 



• Piece 

No. 

Required 

Dimension 

1 

Left chute Jaw. 

1 

3''xl0''x3'10'' 

2 

Left chute jaw. 

1 

3''xl2''x3'10'' 

3 

Right chute jaw. 

1 

3''xl0''x3'10'' 

4 

Right chute jaw. 

1 

3"xl2''x3'10'' 

5 

Bottom plank . 

3 

4''xl0''xl0'10'' 

V 

Standards . 

2 

6''xl0''xl2'2'' 

7 

Standard cap . 

1 

5''xl0''x3' 

8 

Crotch piece's . 

2 

4''xl0''x6'6'' 

9 

Crotch cap . 

1 

6"xl0''x2'2'' 

10 

Left filling piece. 

2 

4''xl0''x6' 

11 

Right filling piece. 

2 

4''xl0''x6' 

12 

Corner vertical piece.... 

4 

10''xl0''x5'—45% 

13 

Right cor. bottom piece.. 

1 

10''xl0''x6'8'' 

14 

Left cor. bottom piece... 

1 

10''xl0''x6'8'' 

15 

Bottom brace . 

1 

10''xl0''x3'6'' 

16 

Bottom brace . 

1 

10''xl0''x5'10'' 

17 

Bottom turn sheet. 

1 

2'x2' 

18 

Bottom turn sheet. 

1 

6'x3' 

18 

Filling piece. 

1 

10''xl0"x2'2" 

20 

Sill piece . 

1 

4''xl0"x3' 

21 

Chute door .. 

1 


22 

Front piece . 

1 

4''xl0''x3' 

23 

Bottom pieces .1 

2 

4''x7''x7'8'' 

24 

Spreader .| 

1 

3'10''xl'6'' 


Robert Linton. Trans. A. I. M. E., 1920. 
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TIMBER PRESERVATION. 


MINE TIMBER PRESERVATION * 


PART I. 

The purpose of this paper is to point out some 
of the benefits and economies to be derived by the 
better selection, preparation, storage, preservation 
and utilization of mine timber, and to give some 
specific information on certain wood preservatives 
and processes suitable for mine-timber preserva¬ 
tion. 

The paper is based largely upon data obtained 
by actual experimentation and service tests con¬ 
ducted by the U. S. Forest Products Laboratory, 
Madison, Wis., on wood preservation, covering a 
period of many years, and upon a field survey dur¬ 
ing the past summer (1921) by one of the mining 
engineers of the U. S. Bureau of Mines of some of 
the principal mining districts of Michigan, South 
Dakota, Montana and Idaho, in which he made a 
general study of mine timber in metal mines, par¬ 
ticular attention being given to timber decay; the 
conditions under which it takes place most actively; 
the measures, if any, that are being used to combat 
it; and, finally, the advantages that might be 
anticipated in the use of chemically treated timber 
to prevent decay and thus prolong its life. 

High cost production and low priced materials, 
due to post war conditions, have brought about an 
unusual situation in the mining industry, which 
must be met by a careful analysis of mining meth¬ 
ods and costs in order to affect economies in opera¬ 
tion. This may to a large degree be brought 
about by a standardization of mining practice and 
equipment. 

With a view to effecting important savings, the 
problem of better distribution and utilization of 
materials and supplies is brought to the attention 
of the mine operator. 

Importance of Mine Timber Preservation 

The enforced closing of the large copper and 
iron mines throughout the United States has 
brought forcibly to the attention of the mine oper¬ 
ators the tremendous cost of maintenance of mine 
timber in the main arteries of haulage and ventila¬ 
tion. This large maintenance cost in the monthly 
expense statements has brought the operator face 
to face with the problem of timber renewals, here¬ 
tofore more or less obscured by the more pressing 
problems of production. 

One phase of this problem is the chemical trea^ 
ment of timber in which the mechanical life will 
exceed the natural life. 

In the Butte district treated timber has been in 
use for several years, considerable attention being 
given to the use of cement applied by the cement 
gun for fire prevention. Also use is made not only 
of creosoted timbers but also of natural copper sul¬ 
phate waters; a case of the latter use showing an 
increase of the life from three to ten years with 
the timbers still in good condition. 

It is obvious that economies will result from the 

•Abstracted from article by R. R. Hornor (Mining: Engrineer, 
U. S. Bureau of Mines) and George M. Hunt (in charge Section 
of Wood Preservation, U. S. Forest Products Laboratory, 
Madison, Wis.) Presented at February, 1922, meeting of A. I. 
M. & M. E. 
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use of timber treated with some preservative of 
recognized merit, if the life of the working place is 
greater than the natural life of the untreated tim¬ 
ber, whether the shortening of this natural life 
might result from decay or crushing. 

Timber Becoming More Costly and More Difficult 
to Obtain 

Throughout most of the mining regions of the 
United States, timbers are becoming more difficult 
to obtain, and naturally more costly; and the better 
varieties are rapidly becoming exhausted. TTie 
result is that the less durable varieties of timber 
are in use? 

The only practical way to prolong the life of 
these less durable timbers is by chemical treat¬ 
ment to prevent decay, although much may be 
accomplished by giving greater care to the prepa¬ 
ration and storage of the timber before it is used. 

Great Expense of Frequent Timber Renewals 

One of the principal items of expense is the 
maintenance of mine haulage ways and airways. 
Timber is usually employed for the support of these 
passages, since to date it has been found cheaper 
and more easily placed than steel or concrete. 

The initial cost of an average sized tunnel set 
varies greatly with the nature of the ground and 
the location of the mine with reference to labor, 
material and transportation, but it may safely be 
said that the average set will cost between $12.00 
and $15.00 in place, either in the coal or metal 
mining regions. Where heavy ground or exces¬ 
sive flow of water is encountered, the cost, of 
course, would be greatly increased. 

Under the ordinary conditions of humidity, 
warmth and sluggishness of atmosphere, especially 
in metal mines, it is not uncommon for timber to 
become completely decayed in two or three years, 
sometimes in one year. Obviously the cost under 
these circumstances is enormous. These costs may 
be enumerated as follows: 

(1) Cost of new timber. • 

(2) Labor cost in renewal. 

(3) Loss due to serious interruption of min¬ 
ing operations. 

Usually the cost of renewal is as great and 
sometimes greater than the original cost, while 
the labor cost varies from 50% to 100% or more 
than the original cost of placing the timbers. This 
increased cost is due to the delay in traffic with 
resultant loss in mining operations. The latter is 
serious but difficult of determination. 

Vitiation of Mine Air By Decaying Timber 

Large quantities of decaying timber, with the 
resultant heating and vitiation of the mine air, has 
an important bearing on mine ventilation. This 
also lowers the efficiency of the men, thus reducing 
their output. 

Due to the ^eater depths of our metal mines, 
and the increasingly difficult problem of figuring 
the air necessary for the workmen, it becomes 
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necessary to determine the amount of oxygen ab¬ 
sorbed by the enormous amount of decaying timber 
under varying conditions of warmth and moisture 
in the old workings, and approximalely the amount 
of heat given off. It is hoped that it may be pos¬ 
sible for the Forest Products Laboratory to carry 
on some e^eriments in this direction to supple¬ 
ment the little information now available on this 
important problem. 

Fire Hazard 

Decaying and punky timber, especially where 
the bark has not been removed, is a considerably 
greater fire menace than sound peeled timber; 
therefore any steps to prevent decay of timber 
will be welcomed as lessening the fire hazard. 

Preparation and Storage of Mine Timber 

One of the simplest and most effective means 
for prolonging the life of mine timber is proper 
preparation and storage. By preparation is meant 
peeling and seasoning. 

Seasoning mine timber, like peeling, has the 
following advantages: (1) increases the strength 
and in some cases the durability; (2) decreases 
the weight and thereby reduces the cost of freight 
and handling; (3) protects from insect attack and 
decay before the timber is placed in service; and 
(4) makes the timber more easily susceptible to 
preservative treatment. 

Actual tests show that the strength of thor¬ 
oughly seasoned timber is from 25% to 50% 
greater than that of green timber. There is some 
difference of opinion as to the increase in dura¬ 
bility, although the observer is of the opinion that 
under most conditions the life of the seasoned and 
peeled timber is greater, due to its greater re¬ 
sistance to fungus attack. 

One of the greatest advantages in seasoned 
timber lies in the fact that a well-seasoned timber 
is from 15% to 35% lighter than in its green 
state. This means a great saving in freight. 

Proper storage is essential for proper season¬ 
ing. Timber yards should be well drained, dry and 
free from vegetation and decaying wood. The 
timber should be piled on skids a foot or more off 
the ground, and so piled as to insure a free circu¬ 
lation of ^r. 

Use of Treated Umber 

The reasons for the neglect of timber treatment 
in the mining industry, in spite of its extensive 
use in railroad, telephone and telegraph industries, 
are two-fold; first, lack of incentive due to the 
cheapness of mine timbers in the past; second, 
lack of knowledge of advantages, methods, chem¬ 
icals and costs. Even though for ten or fifteen 
years both metal and coal operators have used 
treated timbers, the quantity used compared to 
the total amount of timber used is insignificant. 

To secure the full benefits, the same care must 
be given to the preservative treatment as to other 
phases of mine operation. Timber preservation, to 
give effective results, must be practiced according 
to well established scientific principles. Frequently 
timber treatment has been condemned as of no 
value because the treated timber did not give the 
expected results, but in the majority of cases the 


failure was due to imperfect treatment or the adop¬ 
tion of some preservative agent not of recognized 
standard. 

The economic side of timber treatment has the 
greatest interest for the mine operator, and he is 
usually keenly alert and quick to adopt any sound 
practice by which he may lower the cost of pro¬ 
duction. For his consideration the following econ¬ 
omies resulting from the use of treated timbers are 
enumerated: (1) reduces cost of maintenance and 
thus effects a saving in labor and timber; (2) in¬ 
ferior grades of timber may be used, which are 
usually cheaper and more accessible than the more 
durable grades; (3) reduces loss from delays and 
interrupted production often caused by timber 
repairs and renewals; (4) saves cost of supervision 
and overhead expenses due to repairs and renewals; 
and (5) lessens timber consumption per ton of ore 
mined, and consequently lessens the cost of pro¬ 
duction per ton. 

While no claim is made that it would ba advis¬ 
able to treat mine timber for all purposes, yet it 
is believed that in the majority of coal and metal 
mines there is usually a sufficient quantity of tim¬ 
ber used in working places of more or less perma¬ 
nent nature, where the use of treated timber would 
be amply justified and would result in marked 
economy. 


PART II. 

By the law of the survival of the fittest, a few 
preservatives have survived nearly 100 years of 
practice in the preservation of wood; and these few 
have come to be considered standards. The value 
of several methods of preservation has been quite 
well determined also. There is of course a con¬ 
stant search for new materials and methods, but in 
this search we can only measure their value by 
comparing their results with the results of the 
accepted standards. 

Standard Preservatives 

Of all the preservatives which have been used 
in this country zinc chloride and coal tar creosote 
are most generally accepted and most widely used. 
Other materials of known preservative value, but 
which for one reason or another are less widely 
used are sodium fluoride, mercuric chloride, copper 
sulphate, water gas tar oils and wood tar creosotes. 
A brief description of each of these materials and 
a discussion of their properties follows. 

Coal tar creosote is made from coal tar by dis¬ 
tillation. It is a black or brownish oil and contains 
a great many different chemical compounds. Its 
exact composition is not known but it is known 
to vary appreciably, depending upon the kind of 
coal tar used in its manufacture and the method of 
distilling it. Reasonable variations are of no im¬ 
portance to the consumer, for long experience has 
shown that coal tar creosotes of widely varying 
characteristics will give entirely satisfactory pro¬ 
tection against decay. In order to establish trade 
standards, however, and to prevent adulteration, 
standard specifications have been adopted which 
are used by most purchasers of creosote in quan¬ 
tity. The creosote specifications of the American 
Wood Preservers’ Association are very good. 
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A number of so-called refined coal tar creosotes 
are being sold under various trade names and 
actively promoted by thsir manufacturers. These 
oils do not have a greater preservative value than 
coal tar creosote, but they have have certain advan¬ 
tages, such as being more readily obtainable in 
small quantities. Some of them remain liquid at 
low temperatures, which is sometimes an appre¬ 
ciable convenience. The established proprietary 
creosotes and carbolineums (which are similar 
oils) can be depended upon for good results when 
properly used. 

ihe price of creosote oil depends upon the quan¬ 
tity and quality of oil used and upon market 
conditions. Plants which consume large quantities 
of creosote commonly make long-time contracts and 
are thus enabled to secure the most favorable 
prices. There was a severe shortage of creosote 
during the war, and prices naturally mounted. 
Within the past year, however, marked reductions 
have been made and prices as low as 14 cents per 
gallon at seaboard have been mentioned. From this 
point on up to 50 cents or more per gallon may be 
asked, according to conditions. The highest prices 
are, of course, for small quantities of proprietary 
oils. 

Coal tar creosote is a most effective wood pre¬ 
servative. No preservative has been found which 
will give wood better protection against decay. 
This is due to the high toxicity of the oil or its 
ability to poison the wood, its chemical stability, 
and its very low solubility in water. Once in the 
wood it remains there for many years, and where 
creosote is decay cannot proceed. 

Objection is sometimes made t^the color and 
odor of creosote and the fact that In hot weather 
it bums the skin of some workmen, like sun-bum. 
These are admittedly disadvantages, but they are 
not of great importance and ordinarily need be 
given but little consideration. Millions of gallons 
of creosote are used annually for treating piling, 
railroad ties, poles, posts, mine timbers, and vari¬ 
ous other structural timbers with but little thought 
of these disadvantages. 

Creosote is sometimes objected to because of 
its supposed fire hazard. Opinions vary as to the 
extent to. which it increases the inflammability of 
the wood, and many engineers believe that this is 
more imagined than real. There is little evidence 
to show that the oil adds appreciably to the hazard 
except perhaps when the wood is fresh from the 
treating tank. Instances are on record where 
creosoted wood has been less damaged by fire than 
untreated wood under the same conditions. A most 
important consideration which is usually lost sight 
of is that decaying wood is much more inflammable 
than sound wood. Fire is easy to start in decay¬ 
ing wood and difficult to extinguish. Creosote by 
preventing decay actually serves to make the fire 
hazard less than where untreated timber is used. 

Zinc chloride is a metallic salt, soluble in water 
in all proportions. Solutions of about 8% to 5% 
strength are used in making timber treatments, 
but in order to reduce freight charges it is usually 
shipped in the solid form in air-tight drums, or in 
50% solution in tank cars or drums. The im¬ 
portance of this salt as a wood preservative and 
its general wide use in this country are indicated 
by the fact that practically 50,000,000 pounds were 
used for preserving wood in 1920. 

UININQ CATALOG 


The quality of zinc chloride used in treating 
work is indicated by the following specifications 
which have been adopted as the standard of the 
American Wood Preservers’ Association: “The zinc 
chloride shall be acid free and shall not contain 
more than 0.1% iron. Fused or solid zinc chloride 
shall contain at least 94% chloride of zinc. Con¬ 
centrated zinc chloride solution shall contain at 
least 50% chloride of zinc.” 

On account of its solubility in water, zinc chlo¬ 
ride is not as suitable as creosote for use in very 
wet places. Its principal use has been in the pre¬ 
servative treatment of railroad .ties, and its proved 
effectiveness for this purpose shows that it does 
not wash out of the wood very quickly even when 
exposed to the weather. Although it cannot be 
considered as good a preservative as coal tar creo¬ 
sote it is quite good enough for many forms of 
timber and its advantages in other respects are 
responsible for its wide use. 

The chief advantage of zinc chloride is its 
cheapness. One-half a pound of zinc chloride per 
cubic foot of wood is the amount ordinarily in¬ 
jected. At present prices this amount costs only 
about 3 cents, while creosote is much more expen¬ 
sive. Other advantages are its cleanness, its lack 
of odor and color, convenient shipment and storage 
and absolute freedom from fire hazard. Zinc chlo¬ 
ride cannot be considered as a fire retardant and 
there is no evidence that it decreases the inflam¬ 
mability of wood. On the other hand, it certainly 
does not increase the inflammability of the wood 
and like creosote it keeps the fire hazard at a mini¬ 
mum by keeping the wood sound. On the whole, 
zinc chloride is a very satisfactory preservative for 
mine timbers and its use can be freely recom¬ 
mended. 

Sodium fluoride is also a water soluble preserva¬ 
tive, and like zinc chloride is injected in water 
solution. It is shipped as a white powder in wooden 
barrels and is mixed with water at the treating 
plant. It has not been used very widely in the 
United States as yet, but the results that have been 
obtained with it in this country and in Europe 
show that it is an excellent preservative. It has 
all the advantages possessed by zinc chloride, ex¬ 
cept cheapness. Its cost is considerably more than 
that of zinc chloride, and it is this fact that has 
prevented its more extensive use. Whenever it 
can be obtained at the price of zinc chloride its 
use will increase very rapidly. 

Mercuric chloride or corrosive sublimate is a 
powerful preservative and its value is thoroughly 
established. It has been in use for preserving wood 
for nearly a hundred years. It has been used 
more extensively in Europe than in this countiy. 
The extreme poisonous nature of this preservative 
and the fact that it rapidly corrodes most metals, 
together with its high cost, have prevented its 
more extensive use. It is hardly to be reconf- 
mended for mine timber preservation. 

Copper sulphate has been used as-a wood pre¬ 
servative in Europe for a great many years, and 
it is still used to a considerable extent. It is in¬ 
jected'in water solution like other water soluble 
salts and has the same general advantages and 
disadvantages. Its chief disadvantages are its 
high solubility and its corrosion of iron and steel 
equipment. Its preservative value is not of the 
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higrhest, yet it is sufficiently effective to justify 
its use when other conditions permit. 

At least one mine in this country is making use 
of copper sulphate for preserving its timbers, and 
excellent results are reported. This is a copper 
mine in which some of the mine waters contain 
considerable quantities of copper sulphate. This 
water is dammed to form a pool, in which the mine 
timbers are soaked until they have absorbed a con¬ 
siderable quantity of the solution. Obviously, this 
method of treatment can be followed by but few 
mines in the country, but where it is feasible it 
affords a cheap and effective protection. 

Water gas tar creosote is an oil made by dis¬ 
tilling water gas tar. It is similar in many respects 
to coal tar creosote. It has not been used as ex¬ 
tensively as coal tar creosote, but it is known to' 
have considerable preservative value. It cannot 
be as freely recommended as coal tar creosote, but 
under certain conditions or in some localities its 
cost may be enough less than that of creosote or 
other preservatives to justify its use. It is often 
used for diluting coal tar creosote. This is an 
advantage only when the water gas tar product is 
much the cheaper. 

Wood tar creosotes have not been used exten¬ 
sively enough to establish their value as preserva¬ 
tives. Ordinarily no consideration need be given 
to their use, but if conditions are such that a wood 
creosote of good quality can be obtained in suf¬ 
ficient quantities at a satisfactory price, its use 
may be advisable. Unless it can be obtained more 
cheaply than coal tar creosote, however, its use is 
not recommended. 

New preservatives or treating processes are 
frequently promoted. Very commonly they possess 
little merit and the claims made by their promoters 
are not based on fact, but upon a lack of informa¬ 
tion on the fundamental principles of wood preser¬ 
vation and the value of the established preserva¬ 
tives and processes. The safest plan for the 
average consumer is to stick to the established 
standards and to leave to others the experimenting 
with new preservatives and their application. 


Selecting a Preservative 

It is not possible in a general article of this 
kind to recommend which of the above preserva¬ 
tives should be adopted by a mine. In general, the 
choice will lie between coal tar creosotes and zinc 
chloride. Special conditions may make the use of 
one of the other preservatives advisable at some 
mines, but ordinarily their use is not recommended. 

Both zinc chloride and coal tar creosote are 
vety satisfactory and one will not go far wrong 
in choosing either. They can both be applied by 
pressure or open tank equipment and both will 
effectively prevent decay. In arriving at a decision 
one should consider cost, length of life desired, 
weight of treated timber, prejudice of laborers and 
miners, fire hazard, and such other factors as may 
appeal to him. These factors will be given differ¬ 
ent weight by various engineers, and with the 
same data before them one may decide for zinc 
chloride and another for creosote. 


Methods of Application 

As with preservatives, one has also a variety 
to choose from in selecting a method of treatment. 
Methods are available to suit practically every 
need or condition. Treating processes may be di¬ 
vided into three general types, as follows: pressure 
processes, tank treatments without artificial pres¬ 
sure, and surface treatments. 

Pressure Processes 

Without question the most effective way to 
inject preservatives into wood is by means of pres¬ 
sure. This is done by placing the wood in closed 
cylinders and forcing the preservative into it by 
means of pumps. This is the standard method in 
use throughout the country by the railroads and 
other large consumers of treated timber. Its 
advantages are: (1) that batter absorption and 
penetration of preservatives are possible with less 
waste of preservative than by any other means; 
(2) the time required for treatment is reduced to 
a minimum; and (3) a large volume of timber can 
be handled. 

The only disadvantage is the expensive plant 
required. This makes pressure treatment prac¬ 
ticable only where a considerable volume of , timber 
is to be treated. It is not beyond the reach of 
mines, however, as pressure plants are now being 
operated by several mining companies. It is also 
possible for mines in some regions to purchase 
pressure treated ties and timber from commercial 
wood preserving plants. The use of pressure is 
strongly recommended wherever circumstences 
permit. 

Tank Treatments Without Artificial Pressure 

The hot and cold bath method is the most com¬ 
monly used process of this kind. It consists in 
heating the wood for several hours in the preserva¬ 
tive, then transferring it to a tank of cold pre¬ 
servative. In the hot tank the air and moisture in 
the wood become heated and expand and the wood 
is put in good condition to absorb oil. In the cold 
tank the air and moisture in the wood are cooled 
and contract, thus creating a partial vacuum in 
the wood and drawing the preservative into it. The 
same result can be accomplished in one tank by 
withdrawing the preservative at the end of the 
hot bath and refilling the tank with cool preserva¬ 
tive. It can also be accomplished by discontinuing 
the heating at the end of the hot bath and allowing 
the wood and preservative to cool together. 

The principal advantage of the hot and cold 
bath process is that with proper manipulation sat¬ 
isfactory treatments can be made with very 
inexpensive equipment. The size and character of 
the plant can be made to correspond with the quan¬ 
tity and character of the timber to be treated. Its 
disadvantages are that timber cannot be treated 
as rapidly or quite as thoroughly as by means of 
pressure. Many years’ experience with the hot 
and cold bath process have thoroughly demon¬ 
strated its value, however, and its use is recom¬ 
mended where pressure treatment is impracticable. 

Creosote oil has generally been used as the 
preservative in the hot and cold bath process, but 
zinc chloride solution can also be used, and very 
satisfactory results have been obtained with tim- 
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ber treated with zinc chloride in this manner. In 
using zinc chloride there is likely to be some evap¬ 
oration of water from the solution which will raise 
the strength of the solution beyond the desired 
point. This can be overcome by adding water to 
the solution occasionally as needed. 

The steeping process is another non-pressure, 
tank process. It consists in simply soaking the 
wood for a long time in the preservative solution. 
An arbitrary rule which is often followed is to 
allow one day of soaking for each inch in thickness 
of the timber and then continue the soaking for 
one additional day. Any water soluble preservative 
may be used, and the only apparatus required is a 
tank. The advantages of the process are its ex¬ 
treme simplicity and the inexpensive plant 
required. Its disadvantages are: (1) the long time 
required for treatment which makes it possible to 
treat only relatively small quantities; and (2) the 
fact that deep penetration of the preservative is 
not likely to be secured. The process has consid¬ 
erable merit, however, and its use can be recom¬ 
mended if conditions prohibit the use of pressure 
or hot and cold bath treatment. Timber properly 
treated by the steeping process will last much 
longer than untreated timber, and the investment 
will be well repaid. 


These treatments are inexpensive and they can 
be very conveniently made. They will not give 
nearly the protection afforded by the more expen¬ 
sive treatments and they are to be recommended 
only when it is impossible to use a more thorough 
method. They may add one to three years life to 
the timber and thus more than pay for the cost 
of treatment but they will not give the durability 
desired in timbers in permanent passageways. 

Which Process Should Be Used? 

In full accord with the law of compensation, 
the results secured from treated timber will depend 
in large measure upon the investment of money 
and thought put into the treatment, assuming of 
course that it is used efficiently and not wasted. 
The more carefully and thoroughly the treatment 
is made the more satisfactory will be the results. 
It is recommended that first consideration be given 
to pressure treatment and that it be adopted if 
practicable.* When conditions do not warrant the 
investment in a pressure plant the hot and cold 
bath process should be used. Seldom will it prove 
impossible to use either of the above processes, but 
when they are out of the question one of the 
simpler processes should be used. 


Surface Treatments 


Plant Equipment and Cost 


In this group are included the methods of treat¬ 
ment in which the surface of the wood is covered 
with preservative but little or no penetration is 
secur^. Creosote oil is the preservative used, and 
it may be applied either by brushing, spraying or 
dipping. It is preferable to have the oil hot and to 
apply at least two coats when brushing or spray¬ 
ing. Dipping is accomplished by submerging the 
wood for a few minutes in a tank of hot preserva¬ 
tive. 


The equipment required for applying preserva¬ 
tives depends upon the preservative and especially 
upon the process used, as well as upon the volume 
of timber to be handled. It is impossible, therefore, 
to be very specific as to details of equipment. There 
are certain standard pieces of equipment, however, 

•In this connection it is well to remember that timber used 
above ground is benefitted by treatment as well as timber for 
use in the mine. Underground and surface timber together 
may make a total sufficient to justify a pressure plant where 
either alone would not. 
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which are required, although they may vary as to 
details. 

In a pressure plant there must be one or more 
treating cylinders built to withstand high pres¬ 
sures, preferably up to 150 to 200 pounds per 
square inch, and equipped with steam coils, con¬ 
nections for live steam, preservative and vacuum. 
There must be treating cars for carrying the wood 
in and out of the cylinder and holding it during 
treatment, a vacuum pump, pressure pump for 
injecting the preservative, working tanks, storage 
tanks and mixing tanks for the preservative, power 
for moving the cars and plenty of steam for oper¬ 
ating pumps and heating coils. 

Fig. 1* shows the general arrangement of a 
small pressure plant suitable for mine timber 
treatment. It has a capacity of about 1,000 cubic 
feet of wood per charge. In well seasoned wood 
two or three charges per 24-hour day might 
be treated. The cost of such a plant erected 
about 15 years ago, including the necessary yard 
construction, was $12,000 to $20,000. At present 
prices it might cost 50% to 100% more. 

Fig. 2 is a sketch of an open-tank plant suitable 
for mine timber treatment. The principal items of 
equipment are two treating tanks, three treating 




Fig. 2. Open Tank Plant for Mine Timber Treatment. 


cages, a working tank, a storage tank, preservative 
pump, hoisting pulley with overhead track and a 
steam supply. One-quarter inch steel is suggested 
for the treating and working tanks and for the 
treating cages, and %-inch steel for the storage 

•From Forest Service Bulletin No. 107. 
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tank. The total weight of metal in the plant in 
the size shown would be about 7 to 8 tons. (This 
does not include a steam boiler.) Exact data on 
the cost of such a plant is not available, but it 
would probably be around $1,400 to $1,600. The 
cost, of course, will vary with local conditions, 
labor costs, freight, etc. 

It is often possible to construct open-tank plants 
at very small cost out of old tanks and apparatus 
on hand. When efficient plants can be constructed 
in this way it is, of course, advisable, but it is not 
advisable to sacrifice efficiency of operation and 
effectiveness of treatment for the sake of getting 
a low plant cost. The inefficiency of a makeshift 
plant may result in greater labor costs which will 
in a very short time offset any advantage gained 
in first cost. If it results in poor treatment, which 
is quite possible, the full benefits possible from 
preservative treatment will not be realized and an 
indirect loss of considerable magnitude will thus 
result. 

The various types of equipment and details of 
construction make it possible for a mine to equip 
itself at almost any cost which is considered per¬ 
missible. It is recommended, however, that the 
design of the plant be determined only after care¬ 
ful consideration of the needs of the mine. The 
primary considerations should be cost and effec¬ 
tiveness of treatment and efficiency of operation 
under the conditions existing at the mine in ques¬ 
tion. The first cost of the treating plant should 
be secondary consideration. In arriving at these 
conclusions it will be a paying investment to secure 
the assistance of an engineer familiar with wood 
utilization problems, wood preservatioh and plant 
construction. 

Susceptibility of Various Species and Forms of 
Wood to Treatment 

Although practically all species of wood are 
benefitted by preservative treatment, some species 
are much easier to treat than others. The shape 
of the timber and its degree of seasoning also in¬ 
fluence very materially the results obtained. 

The sapwood of most species takes treatment 
much more readily than the heartwood. It is 
usually possible to get a satisfactory penetration 
of preservative in the sapwood without difficulty 
while only a slight penetration may be possible in 
the heartwood of the same stick. For this reason 
it is much easier to treat round timbers than sawed 
timbers. In sawed timbers sapwood will probably 
be found on the comers, but heartwood will usually 
be exposed on one or more of the faces. In round 
timbers the whole surface exposed, except the ends, 
will be sapwood. Fortunately, preservatives enter 
wood endwise quite readily and it is easy to get 
good end penetration in both heartwood and sap- 
wood. For the above mentioned reasons it is 
recommended that round timbers be used for treat¬ 
ment wherever it is possible. 

When round timbers are used the species of 
wood is not so important as in sawed timbers. 
Although there is some difference in the ease with 
which they absorb preservative, any of the fol¬ 
lowing species can be effectively tre^ited in the 
round form if properly prepared and seasoned: ash, 
beech, birch, cedar, chestnut, elm, fir, gum, hem¬ 
lock, hickory, larch, maple, oak, pine, spruce, syca- 
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more, and tamarack. This is not intended to be 
a complete list of species which can be treated, as 
practically all species are improved by treatment, 
but it probably covers most of the species likely to 
be used for mine timbers. 

Another advantage in using round timbers is 
that the deeper penetration which they make pos¬ 
sible affords more protection against damage to 
the treated portion by abrasion, blows or careless 
handling. When the treated layer is broken 
through in any manner, untreated wood is exposed 
to decay and the effectiveness of the protection is 
thus materially reduced. Careless handling or cut¬ 
ting into the timber in any way after treatment 
should be avoided, and all framing should be done 
before treatment. A certain amount of damage is 
unavoidable, however, and the presence of deeply 
penetrated sapwood is, therefore, a distinct ad¬ 
vantage. 

The susceptibility to treatment is influenced to 
a great extent by the condition of the wood at the 
time of treatment. Seasoned timber is much easier 
to treat than green or unseasoned timber. A larger 
amount of preservative can be injected, and a bet¬ 
ter penetration secured. This results in longer life. 
It is not impossible to treat green or partly sea¬ 
soned timber. With long heating periods and high 
temi^ratures considerable penetration can be 
obtained in some species. This requires a long 
time, however, and runs up the expense of treat¬ 
ment and also generally gives imperfect results. 
Thorough seasoning preliminary to treatment is 
by far the better practice and should never be 
omitted if at all practicable. 

It is necessary, of course ,that the timber be 
peeled before treatment. Preservatives do not 
readily penetrate through bark and a good pene¬ 
tration can be obtained only in peeled timber. 

Effect of Treatment on Strength 

Although there is no evidence to show that pre¬ 
servative treatment increases the strength of wood, 
it is an established fact that treatment greatly 
increases the ability of wood to carry a heavy load 
for a long period of time. 

Decay reduces the strength of wood much 
more rapidly than is generally supposed. Decay is 
caused by a very low order of plant, called a fungus. 
This plant sends its microscopic threads through 
the wood and dissolves certain portions for its 
food. Long before the wood appears to the eye to 
be injured, these threads have permeated the wood 
and sapped its strengrth. Many a mine timber, 
supposedly destroyed by crushing, has first been 
weakened by decay to the point of failure. Pre¬ 
servative treatment prevents decay and thus con¬ 
serves the strength of the wood. Therefore, al¬ 
though treatment does not increase the strength 
of wood, it keeps wood strong. 

It is possible by using high temperatures and 
excessively long treating periods to injure the 
wood by the treatment. This is only likely to occur 
when the treatment is very carelessly made or 
when very severe measures are being used to force 
the preservative into green wood or into some 
species which is very hard to treat. The ordinary 


treatments will have no appreciable effect on 
strength. 

If very strong solutions of zinc chloride are 
used, it is also possible to injure the wood. For 
this reason it is customary in wood treatment to 
use solutions of 2% to 4% strengrfih, and never 
over 5%. These solutions are safe to use and do 
not affect the strength appreciably. Their exten¬ 
sive and successful use for so many years in trea<> 
ing railroad ties and timbers of various kinds is 
ample proof of their fitness. 

Effectiveness of Treatment as Shown by Service 
Records 

The surest method of determining the effective¬ 
ness of preservative treatment is to observe the 
relative life of treated and untreated timber under 
service conditions. Fortunately, tests of this kind 
were started by the Forest Service many years ago 
in co-operation with a number of mines in various 
parts of the country, and we now have the results 
in years of observation. 

In the spring and summer of 1910 there were 
placed in one of the mines of the Tennessee Coal, 
Iron & Railroad Company, near Birmingham, Ala., 
50 untreated sap pine ties, 50 similar ties treated 
with 8 pounds of coal tar creosote per cubic foot, 
and 50 untreated white oak ties. Frequent inspec¬ 
tions have been made of these ties since that date. 
At the end of five years about 68% of the untreated 
pine ties had been replaced or rendered worthless 
by decay. Their average life was, therefore, some¬ 
thing less than five years. Further inspections of 
these ties were prevented by the closing of the 
gangway. At the end of 10 years 26% of the 
oak ties had been removed on account of decay and 
74% of them were still good for further service. 
At this time all of the creosoted pine ties were still 
in service, and although some of them showed 
traces of decay, they were all good for a number 
of years to come. This is an unusually good record 
for white oak ties, still the creosoted pine ties are 
making a better showing. The creosoted pine ties 
have been in service over twice as long as the 
untreated pine, and they may last three times _ as 
long. Inspectors of these timbers are still being 
continued, so that their complete record will in 
time be available. 

Another test on mine ties was started in co¬ 
operation with the Tennessee Coal, Iron & Rail¬ 
road Company in 1914 with sap pine ties treated 
as follows: 


Coal tar creosote. 50 ties 

Sodium fluoride . 150 ties 

Zinc chloride . 150 ties 

Mixture of zinc chloride and 

sodium fluoride. 150 ties 

No treatment . 94 ties 


The treatments were all made by pressure. The 
creosoted ties were given an absorption of 10 
pounds per cubic foot. The others had various 
absorptions from I/4, to % of a pound of the chem¬ 
ical per cubic foot. 

At the 1920 inspection, after about six years' 
service, the creosoted ties were all in perfect con- 
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dition. Some of the ties treated with zinc chloride 
and some with sodium fluoride were showing 
traces of decay, but about 75% of them were still 
absolutely sound. All but 12% of the untreated 
ties were affected with decay and about 13% of 
them needed to be removed. The untreated ties 
in this test also are giving longer service than 
would ordinarily be expected, but the treated ties 
are giving still better service. It will require a 
number of years yet to complete this, test and 
determine the relative life of the different groups, 
but the superiority of the treated timber is already 
apparent. 

A test on mine timbers was also started at Bir¬ 
mingham in 1910 in the Sumpter mine of the 
Tennessee Coal, Iron & Railroad Company. Ten 
sets of sawed heart pine posts and caps were placed 
without preservative treatment, and along with 
them 64 sets pressure treated with 6V^ to 9^ 
pounds of creosote per cubic foot. The last inspec¬ 
tion of these timbers was made in 1919 after about 
91/2 years’ service. At this time all of the un¬ 
treated timbers had been removed and all of the 
treated ones were still in service. The average life 
of the untreated timbers in this test was 9.4 years, 
which is probably unusually good. The untreated 
timbers were scattered among the treated ones, 
however, and as they decayed the treated timbers 
carried the load. If all the timbers had been un¬ 
treated this could not have been done and they 
would have had to be removed in a shorter time. 

Within a year after this inspection this section 
of the mine was abandoned and allowed to fill with 
water, thus preventing further inspections and 
preventing the full value of the creosoted timber 
being realized. The treatment had well paid for 
itself, however, as the untreated sets had already 
been renewed once. The cost of labor and materials 
for replacing the untreated sets was much higher 
than the original cost of installation, coming as it 
did at a period when these things were at a maxi¬ 
mum. In the treated timbers this expense was 
saved. 

Inasmuch as all the above treatments were 
pressure treatments, they do not give information 
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Fig. 3. Comparison of Tank Treated and Untreated Timbers 
in Pottsville Experiment. 
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on the value of non-pressure treatments. At Potts¬ 
ville, Pa., however, a large number of timbers 
treated by open tank or other non-pressure pro¬ 
cesses were installed in 1906, 1907 and 1908. 
Untreated timbers were placed at the same time 
for comparison. At the various inspections since 
that time it has not been possible to inspect all 
the timbers or to obtain complete data upon them, 
as at each subsequent inspection an increasing 
number are found to be in closed gangways. How¬ 
ever, the data is sufficiently complete to establish 
the following: 

1. All of the untreated material failed in one 
to three years. Its average life was about two 
years. 

2. Timber brush treated with creosote or car- 
bolineum remained serviceable for three to four 
years. 

3. Of the open tank treated timbers, which are 
still in accessible places or on which complete data 
are available, 69% are still in service and 31% 
are decayed after 13 to 15 years' service. 

The average life of these timbers has not yet 
been reached, although they have already lasted 
six to seven times as long as the untreated timber. 
Of the open tank timbers, included in the above 
figures, some were treated green and some sea¬ 
soned with each of the following preservatives: 
coal tar creosote, water gas tar creosote, and zinc 
chloride. 

Much better results were obtained with the sea¬ 
soned than with the green timbers and the 
majority of the timbers decayed to date are those 
which were treated in the green condition. The 
creosote is giving somewhat better results than 
the zinc chloride, but the difference so far is not 
very great. 

That the treated timbers are in places favor¬ 
able to decay is shown by the fact that a treated 
post, found decayed after about 13 years’ service, 
was replaced by an untreated post in 1919. One 
year later the new post was found decayed. The 
advantage of using the treated timber is clearly 
shown. 

It will be noted that the life of the untreated 
timber in the Pottsville experiments was much less 
than in the Birmingham experiments. This is due, 
in part, to the character of timber used and in 
part to the difference in the severity of the con¬ 
ditions. Treated timber will show to the greater 
advantage, of course, where the life of untreated 
timber is short. 

Other experiments on mine timbers are under 
way at the Bunker Hill and Sullivan mine at Kel¬ 
logg, Idaho; the Hercules mine at Burke, Idaho; 
the Delaware, Lackawanna & Western mines at 
Scranton, Pa., and the Anaconda mine at Butte, 
Mont. In all these experiments the superiority and 
economy of treated over untreated wood has been 
shown. It is no longer a question as to whether 
treatment increases the life of the wood, but a 
question as to the kind of treatment and presenra- 
tive that pays the biggest dividends under various 
conditions. 
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TABU Z. ABNVAX CKABOBB DUB TO AB ZNZTZAD BZPBNDZTUBB OF ONB DODBAB.* 


fed 

Term of Years 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

18 

20 

22 

24 

26 

2^8 

39 

4% 1 

1.04 

1 

0.5301 

1 

0.362 

0.276 

1 1 

0.2261 

lo.l91 

[o.l66 

1 

0.148 

0.132 

0.123 

0.114 

0.106 

0.100 

0.094 

0.086 

0.079 

0.073 

0.069' 

0.065 

0.062 

1 

0.060 

0.068 

5% 

1.06 

0.638 

0.367 

0.282 

0.231 

0.197 

0.173 

0.166 

0.140 

0.129 

0.120 

0.112 

0.106 

0.101 

0.092 

0.085 

0.080 

0.076 

0.072 

0.069 

0.067 

0.065 

6% 

1.06 

0.645 

0.374 

0.288 

0.237 

' 0.203 

0.179 

0.161 

0.148 

0.135 

0.126 

0.119 

0.112 

0.107 

0.098 

0.092 

1 0.087 

0.083 

0.079 

0.076 

0.074 

1 0.070 

7 % 

1.07 

0.663 

0.381 

0.296 

0.243 

0.209 

0.186 

0.167 

0.153 

0.142 

0.133 

0.128 

0.121 

0.116 

0.109 

0.103 

0.097* 

0.092 

0.088 

0.086 

0.083 

1 

0.081 

8 % 

1.08 

0.661 

0.388 

0.302 

0.250 

0.216 

0.192 

0.174 

0.160 

0.149 

0.140 

0.133 

0.127 

0.121 

1 

0.113 

0.107 

1.102 

0.098 

1 

0.095 

0.093 

0.090 

0.089 

9 % 

1.09 

0.668 

0.396 

0.309 

0.257 

0.223 

0.199 

0.181 

0.167 

0.166 

0.147 

0.140 

0.134 

0.128 

0.120 

0.114 

0.110 

0.106 

0.103 

0.101 

0.099 

0.097 

10% 

1.10 

0.576 

0.402 

0.315 

^ 0.263 

0.227 

0.205 

0.187 

0.173 

0.162 

0.153 

0.146 

0.140 

0.136 

0.128 

0.121 

0.117 

1 

0.114 

0.110 

0.109 

0.106 

0.106 


•Based on the formula, A = P 


n 

(1 + r) r 
n 

(1 + r) — 1, 


In which A r= annual charge. 

P = amount of initial invest 

n = number of years In the recurring period (the average life 
of the timber. 

r = the rate of interest expressed decimally. 


Does It Pay 

Although treatment makes wood last longer, it 
cannot hope for extensive use unless it reduces the 
timber expense. 

Table I. offers a ready means of comparing the 
cost per year of treated and uiffreated timber and 
thus determining the savings due to treatment. 
The table is based on the well known Femow* 
formula for determining the equivalent annual 
charge due to an initial expenditure now and re¬ 
curring each term of “n” years. 

The above data obtained in the Pottsville ex-' 
periment show the savings possible. At the time 
the experiment was started, timbers for per¬ 
manent gangways were costing $4.50 per set for 
the material, 50c for framing and $3.00 for placing. 
In addition it cost $1.00 to remove the old set to 
make way for the new. The timber on the average 
lasted two years. An expenditure of $9.00 per set 
was, therefore, required every two years, with the 
certainty that this cost would rise as timber be¬ 
came scarce and labor higher. The most expensive 
treatment used (treatment with coal tar creosote) 
cost at that time $1.55 per set, making the cost of 
this treated set, in place, $10.55. The average life 
of this treated timber has not yet been reached, but 
it will be at least 14 years. 

Turning now to the table, we find that if we 
assume an interest rate of 5% and take two years 
as the average life of the untreated timber, the 


annual charge for each dollar invested in the un¬ 
treated set is $.538. Since the untreated sets cost 
$9.00, in place, the total annual charge per set 
would be $4.84. In the same way, we find that 
the annual charge for the treated timber, assuming 
an average life of 14 years, is $1.07 per set. The 
use of the treated timber is therefore resulting in 
a saving of $3.77 per set per year. Putting it in 
other words, the cost of maintaining a set of un¬ 
treated timbers would maintain approximately 4V^ 
sets of treated timber. It may also be computed 
from the table that in order to give the same 
annual charge as the untreated timber, the treated 
timber would have had to last but about 2V^ years. 
Conversely, the untreated timber would have had 
to last over 11 years to be as cheap as the treated. 

In mines where untreated timber shows a long 
life, the savings due to treatment will be less than 
where the untreated timber is short lived. It is 
possible, however, that the conditions which would 
give a long life to untreated timber would also give 
a proportionately longer life to treated timber. The 
relative cost of treated and untreated timber will 
also affect the magnitude of the savings. The rate 
of interest assumed will affect the results to a 
slight degree; higher interest producing lower sav¬ 
ings. By means of the table it is possible for the 
operator to determine whether treatment will pay 
under the conditions existing at his mine, and thus 
to reach an intelligent decision as to the use of 
treated timber. 
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STRENGTH OF MINE TIMBERS. 


STRENGTH OF MINE TIMBERS* 


The ordinary handbooks that are available for 
the use of miners and timbermen seem to contain 
very little information on the strength of timbers 
that are commonly used in and around mines. 

In fact, there is less known about the strength 
of wood than any other structural material. 

Wood is us^ i n such tremendous quantities 
around the mines that it would seem that the State 
Mine Inspectors, Accident Commissions, and even 
the Bureau of Mines, should furnish ready tables 
for miners. 

Many times I have been asked to prepare tables 
for operators, who wished them for their own ref¬ 
erence, generally from desire to increase the safety 
factor that the industrial insurance rate might be 
lowered. 

The increasing number of requests makes it ad¬ 
visable that they be put in print in the most con¬ 
venient and simplest form in the hope that the 
greatest number may benefit by them. 

In “squeezing ground,” when the thrust or load 
is applied horizontally, these figures may be used 
for horizontal stulls and braces, provided the center 
of the stull is properly supported to hold its weight 
and prevent buckling or bending. 

In tunnel timbers, where the posts are set at an 
angle, with the bottom or floor of the tunnel wider 
than the cap, the weight that the post will carry is 
reduced by the pitch of the timber. Two timbers 
set like a letter “A” will not carry as much weight 
as the same two timbers standing like a post under 
the load. The load varies with the angle of the 
incline. 

Example: An “A frame” of two 6-in.x6-in. tim¬ 
bers 6 feet long at 45 de^ees will support 42 tons, 
whereas the two 6-in-x6-in. set as posts under the 
load will support 60 tons (30 tons for each post). 
If spans are braced loads may be increased. 

A common eiror is in using timbers too big and 
all out of proportion to the load they are called upon 
to sustain. This is undue extravagance, and they 
are no safer than timbers of the right size, and 
often last no longer under ground; though, to the 
mine inspector, oversized timbers do not offer the 
objection that undersized timbers offer. However, 
with the increasing price of lumber and timbers, 
this useless waste is not only reducing the divi¬ 
dends, by increasing the expense, but it is wasteful 
of the lumber and causes the price to still further 
increase. 

The other extreme of undersized, or overloaded 
timbers, is not only dangerous, but causes enor¬ 
mous expense in too frequent replacements, which 
is also wasteful of lumber, and frequently increase 
the maintenance expense in cleaning up the result 
of caves and broken timbers, if not indeed the loss 
of some part of the mine. 

For the benefit of all concerned I have not copy¬ 
righted these tables, that publishers of handbooks 
and magazines, mine inspectors, accident commis¬ 
sions, and insurance companies may reprint as they 
see fit. 

•By Letson Balllet Efficiency Engineer, 1508 Hobart Build¬ 
ing, San Francisco, Calif. 


8A7B BOAD ZV TOMS 

Safe load In tons, for timbers when used as posts, stulls, 
center pieces in shaft timbers, in head frames, trestles, and 
supports for orebins and buildings. The figures are for first 
grade pine timbers, allowance to be made for poorer grades. 


Length of past or stull in feet 


Size of 
Posts or 


1 1 1 


1 




— 



Stulls 

6 

00 

►-» 

o 

12 1 

16 

20 

24 

28 

32 

40 

50 60 

4x 4 .. 

s' 

8 7 

5% 

2% 







6x 6 . . 

30 

22 20 

18 

14 

10 

5 





8x 8 .. 

52 

53 51 

37% 

32 

26 

21 

16 

10 



10x10 .. 

82 

82 82 

82 

55 

50 

42 

35 

30 

17 


12x12 .. 

120 

120 115 

115 

90 

80 

70 

62 

55 

38 

20 

14x14 .. 

160 

160 160 

160 

160 

120 

105 

95 

85 

68 

45 23 


The weight on long posts may be increased If they are 
braced to prevent buckling or bending. 

Table by Letson Balliet, E. M. & C. E. 


BOADB OH PZJLHH8 

Table of safe loads that can be placed on planks over shafts 
and winzes, and upon staging, or when used as lagging in 
shafts and tunnels. The loads are figured for the center of 
the span, and may be doubled when load is distributed. 


Length of Spans in feet 

Sizes of - 

Planks and 4 | 6 | 8 | 10 | 12 | 14 ] 16 I 18 

Lagging- 

Safe load in pounds 



Table by Letson Balliet, E. M. & C. E. 


BAPB £OAD FOB TZXBBBB 

Safe loads for timbers of first grade pine, when used for 
beams, girders, wall plates, and plates, caps and bents. Load 
is figured in pounds, for safe loads, not breaking loads. 


Size - 

of 

Tim- 4 
bers I 


Length of Span in feet 


I 45001 3500 
I 58001 4600 
113000111000 
1180001145001 
1235001190001 
IllOOOl 90001 
116500113000' 
122500118000! 
1200001160001 
127000I22000I 
1345001280001 
1310001250001 


10 

12 

■•i 

16 

275 

225 

185 

160 

600 

450 

400 

325 

1300 

1100 

1000 

800 

2000 

1600 

1400 

1200 


2800[ 24(10 21001 
38001 32001 27001 
85001 72001 63001 
125001 9800' 85001 
15500 13000ill50011 
7500 63001 56001 

11000 9000 78001 
16000 125001110001 
13000lll0001 95001 
18000 15000113000!! 
23000120000 1700011 
21000118000(l5000:i 


I 560 
1 850 

1 16001 1250 
1 21001 1700 
1 5000 3900 
I 65001 5400 
1 88001 7100 
I 4200! 3400 
1 61001 5000 
1 83001 6800 
1 74001 5900 
1100001 8000 
113500111000 
112000! 9800 


Loads are figured at the center of the span, and may be 
doubled for loads that are equally distributed throughout the 
length of the span—PROVIDED that doubling does not exceed 
the figures given In the first column, for spans of four feet. 
The bearings at the end of the span must have an area equal 
to a section of the beam. 

Table by Letson Balliet, E. M. & C. E. 


^ BAFE BOADB FOB TZXBBBB AT AH ZHCBZHB 


Per Cent, of 

Hor. Vert. Angle Vertical Load 

Dist. Dist. from V'ert. j Allowable 

! 1 



Long spans may be braced to prevent buckling. 
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SAMUEL CABOT, INC. 


WOOD PRESERVATIVES. 


SAMUEL CABOT, Inc. 

Manufacturing Chemists 

342 Madison Ave. 141 Milk Street, BOSTON, MASS. 24 W. Kinzie Street 

NEW YORK, N. Y. CHICAGO, ILL. 


CONSERVO WOOD PRESERVATIVE 


CABOT’S CREOSOTE STAINS 


A penetrating, permanent preservative for mine 
timbers and all other lumber. 

Description 

Conserve is a compound of high boiling coal-tar 
distillate, non-volatile, insoluble, non-viscoua, and 
antiseptic. Its tone on wood is rich butternut 
brown. 


It is a scientific product made to cover the three 
cardinal principles of wood preservation, viz: 

1. Penetrating Power.—No preservative can 
preserve unless it penetrates. Most heavy pre¬ 
servatives fail because they are so heavy and vis¬ 
cous that they cannot get into the yrood, but re¬ 
main on the surface and are washed off by rains 
or other moisture. Conserve is so limpid that its 
penetrating power is far greater. 

2. Permanence.—Conserve is so non-volatile 
that it will not evaporate at any temperature to 
which it can be subjected after application. It 
goes in and stays in. 

3. Sterilizing Power.—^Decay is caused by bac¬ 
teria, and Conserve has always carried the proper 
percentage of Tar Acids—7 to 10%—^to sterilize 
the wood and poison the bacteria. The Tar Acids 
also increase the penetration and combine with the 
sappy parts of the wood and form asphaltic bases 
that are permanent. 



The U. S. Gov¬ 
ernment investiga¬ 
tion shows that: 

45% of Mine 
Timber is wasted 
by Decay. 

10% more by 
Insects. 

The Cost of Re¬ 
placing is vastly 
more than the cost 
of the timber. 


Covering Capacity 

Brush Coating—One gal. covers about 100 sq. 
ft. of rough sawed lumber, two coats; 250 sq. ft. 
of dressed lumber, two coats. 


Cost 

Price, 70 cents per gallon, f. o. b. Boston. The 
cost of treating depends upon the method selected, 
the character and condition of the wood, and the 
economy of handling, which includes wages, 
waste, etc. 


For preserving and economically coloring work¬ 
men’s houses. 



One of the Workmen's Bungalows Erected by the Carbon 
Fuel Co., Charleston, W. Va. and Stained With 
Cabot’s Creosote Stains 


Low Cost—50% Cheaper 'Than Paint 

Cabot’s Stains cost less than half as much as 
paint, and the cost of applying is also less than 
half because they can be put on twice as fast, with 
wide, flat brushes or a spraying machine. Any in¬ 
telligent laborer can apply them. 


Handsome and Lasting Colors 

The colors are rich and handsome and they 
make the houses look homelike and attractive; real 
places to live in. They wear as well as the best 
paint. 


Preserve the Wood 

Cabot’s Stains are made of refined Creosote, 
which penetrates the wood and preserves it against 
decay or insects. 


Ideal for Housing 

Thousands of gallons of Cabot’s Stains are being 
used on housing by coal mining companies, such as 
Carbon Fuel Company, Buckeye Coal Company, 
Stonega Coal & Coke Company, etc., etc. 


Samples of Colors, Prices and Full Information will be Sent on Request. 
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]^20 ZINC SHEETS. 


THE AMERICAN ZINC PRODUCTS CO. 


THE AMERICAN ZINC PRODUCTS CO. 

General Offices: GREENCASTLE, INDIANA 
Maniifacturers of 

<Dld 

ZINC ROOFINGS 

Made From Pure Zinc Sheets 


Products 

Zinc Sheets for Cyanide Shavings. 

“Old Chateau” Roofing and Siding, furnished in 
corrugated, and V crimped. All lengths desired up 
to and including 10 feet. Corrugated can be fur¬ 
nished 114" or 2^" any desired width. 

We also manufacture Zinc Ridge Roll, V Cap¬ 
ping, Valley, Flashing, etc., made from pure zinc 
sheets. Zinc sheets all gauges and sizes; Zinc Tiles 
for residences and other high class buildings. 

“Old Chateau” Pure Zinc Roofing 

The American people have long looked for a 
roofing material which could be used with assurance 
of long life, but until the war increased the produc¬ 
tion of zinc sheets in this country, they have looked 
in vain. 

Copper could be secured, but the price was very 
high, in fact, too high to permit of use upon com¬ 
mon buildings. 

Zinc was known to be everlasting, but in this 
country the production was so small (only two 
plants) that sheets could not be obtained for roofing 
purposes. 

The war changed this, as ZINC SHEETS HAD 
TO BE OBTAINED for powder box linings and 
many other war purposes, and therefore, produc¬ 
tion was materially increased, and now we can 
furnish “Old Chateau” Roofing Zinc in unlimited 
quantities at a price but little higher than gal¬ 
vanized (zinc coated sheets). 

You have long known how much better a gal¬ 
vanized sheet was than an ordinary black steel 
sheet. The extra life was in the light zinc coating 
on each side of the steel sheet, at the present time 
about one-half ounce of zinc is used upon each 
square foot of surface. 

Pure Zinc sheets used in weather exposed 
places mean equal permanency with any other ma¬ 
terials in the structure. The American Zinc 
Products Company offers to the permanent builder 
its “OLD CHATEAU” Roofing Brand of Sheet Zinc 
in full confidence that it will meet all exacting re¬ 
quirements. Rolled in even gauges from zinc pig, 
smelted in our own furnaces, it is handled from 
mine to sheet with the sole idea of furnishing a 
smooth, ductile weather-resisting covering, fit for 
castle or cottage and as enduring as any material 
in the structure. 

More than a century ago the builders of Bel- 
^um and France realized the value of zinc sheets 
in weather exposed construction. Zinc roofs are 
now extant that were installed more than one hun¬ 
dred years ago. Gutters, flashings, eave-troughs, 
valleys and conductor pipes were made of zinc, and 
these articles are enduring far beyond the life of 
the masonry itself. In addition to this big saving 
in weather-wear, the zinc sheets can still be sal¬ 
vaged and sold at a price near the original cost. 


As a weather resister, zinc stands pre-eminent 
among metals, neither atmosphere nor moisture 
has a perceptible effect on it. From the moment a 
zinc sheet is placed in use, or down to the day in 
another century when the other materials of the 
structure have crumbled or rotted away, it is still a 
sheet of zinc. The weather elements scarcely 
change it; it is yet worth its weight as zinc. 

One and One-Quarter Inch Corrugated “Old 
Chateau” Zinc Roofing 

Each sheet has twenty full corrugations, 1^" 
from center to center. Full width, 24" when 
lapped one corrugation. 




Standard lengths, 5, 6, 7 and 8 feet. Special 
lengths, 9 and 10 feet. 

Approximate weights per square: No. 9 Gauge, 
76 lbs.; No. 10 Gauge, 84 lbs.; No. 11 Gauge, 
101 lbs. 


Two and One-Half Inch Corrugated “Old Chateau” 
Zinc Roofing 

Each sheet has corrugations, 2i/4" from center 
to center. 



Sheets furnished in either %" deep or special %" 
deep corrugation in various widths to lay up to 
36" weather exposure with either one or one and 
one-half corrugations side lap. 
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ASBESTOS SHINGLE, SLATE & SHEATHING CO. 
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Asbestos Shingle, Slate & Sheathing Company 

AMBLER, PENNA. 


Branch Offices and Agents 


ATLANTA, GA.—86 Marietta Street. 
BALTIMORE, MD.—711 E. Lombard Street. 
BOSTON, MASS.—23-29 Purchase Street. 
BUFFALO, N. Y.—25 Terrace. 

CHICAGO, ILL.—319 N. Wells Street. 
CINCINNATI, OHIO—628 Main Street. 
CLEVELAND, OHIO—1178 West Eleventh Street. 
DETROIT, MICH.—336 Jefferson Ave., W. 
HOUSTON, TEXAS—R. V. Aycock & Co. 


KANSAS CITY, MO.—R. V. Aycock & Co. 
MINNEAPOLIS, MINN.—310 First Street, N. 

NEW ORLEANS, LA.—J. T. Mann & Co., Tchoupitoulas St. 
NEW YORK CITY, N. Y.—828 Woolworth Building. 
PHILADELPHIA, PA.—2013 Market Street. 
PITTSBURGH, PA.—339 Water Street. 


ST. LOUIS, MO.—R. V. Aycock & Co. 
TULSA, OKLA.—R. V. Aycock & Co. 
WASHINGTON, D. C.—623 F Street, N. W. 

Distributors Throughout the Country 


Products 

Ambler Asbestos Shingles, Ambler Asbestos 
Building Lumber, Ambler Asbestos Corrugated 
Roofing and Siding, Ambler Linabestos Wallboard. 

The Annual Fire Loss in the United States alone 
is in excess of $250,000,000. 

And most of that fire money can be saved. As 
the fire loss increases, insurance rates increase 
•with it. 

Ambler Asbestos Building Products reduce the 
fire hazard. They are non-inflammable and cannot 
carry nor support fires. These products have been 
test^ and approved as fire retarding materials by 
the American Society of Fire Protection and the 
National Board of Fire Underwriters’ Laboratories, 

Kinds of Material 

Ambler Asbestos Building Products are made 
from selected Asbestos fibre and best Portland 
Cement. 

Ambler Asbestos Shingles 

The only shingles made under Hatschek's re¬ 
issued United States Letters Patent No. 12,594, 
Jan. 15, 1907. 

There is no reason why the roof of a house 
should not be as permanent as the foundation. 

Ambler Asbestos Shingles cannot wear out— 
they withstand wear and weather; they afford pro¬ 
tection against fire; there is no maintenance cost; 
they never require painting and are absolutely fire¬ 
proof and flame resistant. Hundreds of thousands 
of roofs prove this statement. 

Ambler Asbestos Shingles respond to every 
roofing requirement about the mine and can be laid 
by the usual class of labor found at the mine. 

Ambler Asbestos Building Lumber 

For siding, partitions, fire doors and wherever 
fire resistance is essential. 


Ambler Asbestos Corrugated Roofing and Siding 

Made in an incombustible concrete sheet, con¬ 
sisting of the best grade of Hydraulic Cement, re¬ 
inforced with long asbestos fibres. These materials 
are first mixed together with water, and then taken 
up in layers until the desired thickness has been 
attained, and, in such a way that the asbestos 
fibres interlock and thoroughly reinforce the con¬ 
crete sheet. It is then subjected to enormous pres¬ 
sure between steel plates, which drives out all 
excessive water and eliminates all voids and fissures 
and produces a sheet that is strong and tough and 
which will not rot, rust or decay. Concrete will 
harden and improve with age. 

The sheets are easily put in place by means of 
aluminum tie rods or bolts, and once erected, not 
only afford a protection against fire, but, being non¬ 
conductors of heat, permit the heating of the build¬ 
ing at less cost than if iron siding and roofing were 
used. 

The material is supplied in sheets measuring 
27 V 2 inches wide and 4, 5, 6,7, 8, 9 and 10 feet long. 

Material varies in thickness from 8/16" tb 
5/16" and weighs from 2.8 to 3 pounds per square 
foot. 


Ambler Linabestos Wallboard 

Wherever a superior flame-proof, fire-resisting 
wallboard is wanted. 




Illustrations Above Show Industrial Houses Covered With Ambler Asbestos Shingles 
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J^22 steel and supplies. 


JOSEPH T. RYERSON & SON. 


JOSEPH T. RYERSON & SON 

CHICAGO ST. LOUIS DETROIT BUFFALO NEW YORK 

Branch Offices 

DENVER HOUSTON JERSEY CITY MILWAUKEE MINNEAPOLIS NEWARK SAN FRANCISCO 


IRON - STEEL - MACHINERY 


Ryerson Steel-Service 

For 80 years the name RYERSON has stood for the immediate shipment of iron and steel products 
from warehouse stock. Five complete warehouses and plants located in representative industrial cen¬ 
ters and in easy reach of the different quarries and mining fields, make it possible for mine owners and 
operators to secure needed material close at hand and without the delays incident to mill shipments. 
Iron and steel for construction and maintenance purposes; machinery, machine tools and tool steels for 
the machine shop; fittings for the boiler room of the power plant—in fact, evenrthing in standard or 
special steel products can be obtained from Ryerson plants—ready to ship. A few of these products are 
listed below. 



ST. LOUIS PLANT BUFFALO PLANT 


Sti ucturals 

Beams for mine timbers, channels, angles, tees, 
section members for mine construction work, 
twisted and plain bars for concrete re-enforcement 
carried in stock lengths and in all sizes. All bars 
and shapes will be cut to any specified length. 
Rods will be cut, headed and threaded to order for 
trussing pui^joses. 

Roofing 

Corrugated and V Crimped sheets, both iron and 
steel, in all sizes and thicknesses, furnished plain, 
painted or galvanized. Lead-headed nails and gal¬ 
vanized nails with lead washers for laying roofing. 

Rivets, Bolts, Etc. 

Large stocks in all sizes of machine bolts, car¬ 
riage bolts, nuts, washers, nails, track bolts and 
spikes, lag screws, turnbuckles, chain, etc. 

Plates and Sheets 

Plates, heavy and light, for all kinds of plant 
and equipment construction. Sheets, iron and steel, 
plain galvanized or painted, in all sizes and thick¬ 
nesses. Firmtread Floor Plates and Mason Safety 
Treads. 

Bars and Shapes 

Rounds, squares, hexagons, ovals, half ovals, 
half rounds, flats, cold rolled shafting, etc. Car¬ 
ried in all sizes and standard lengths. Special 
lengths cut without delay. 


Ulster Iren 

This is a special grade of refined iron, the prod¬ 
uct of over 100 years’ experience. It is especially 
adapted for parts subject to vibration and its long 
fibrous texture and great toughness enable it to 
resist repeated tensile and twisting stresses. It is 
extensively used for crane hooks, cold shuts, chains, 
mine bucket handles, bales, mine car parts, founda¬ 
tion bolts, and for countless other purposes where 
the highest grade iron is required. 

Boiler Fittings 

Ryerson plants maintain extensive stocks of 
boiler fittings, such as flanges, manholes, tubes, 
tube cleaners and expanders, ferrules, hangers, 
lugs, braces, dished and flanged heads, rivets, etc. 
Boiler staybolts made of Ulster Iron are carried in 
stock in all sizes. 

Machinery 

Metal working machinep^ of latest design, in¬ 
cluding lathes, power drills, milling machines, 
planers, power hack saws, chain hoists, etc. It 
pays to install Ryerson equipment in your machine 
shops. Descriptive literature sent upon request. 

Tool Steel 

Special tool steels and alloy steels of standard 
SAE analyses are carried in stock in standard sizes, 
ihe Ryerson Special Steel Department will be glad 
to confer with you on your special requirements. 


SEND FOR ‘THE RYERSON JOURNAL AND STOCK LIST” 
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WISCONSIN BRIDGE & IRON CO. 


STEEL CONSTRUCTION. 


WISCONSIN BRIDGE & IRON CO. 


NORTH MILWAUKEE. WIS. 


CHICAGO 

1619 Monadnock Bldg. 


DISTRICT OFFICES 
DETROIT KANSAS CITY 

1362 Penobscot Bldg. 206 Commerce Bldg. 


EL PASO 
709 Caples Bldg. 


STEEL CONSTRUCTION 



We design, fabricate and erect Steel Frame Structures of EVERY DESCRIPTION for Mining and 
Milling purposes: 

Smelter and Furnace Buildings, Crushing Plants, Ore Bins, Concentrators, 

Sampling Mills, Coal Tipples, Rescreeners, Headframes, Hoist Houses, Pul¬ 
ley Stands, Shop Buildings, Power Houses, Coal Bunkers, Ash Hoppers, 

Trestles, etc. 

We maintain a COMPETENT and EXPERIENCED ENGINEERING FORCE which is at your serv- 
ice at any time for preliminary designs and estimates. 



Concentrator Under Construction—Phelps-Dodge Corporation, Warren, Arizona. 


DESIGNERS AND CONTRACTORS 
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SECTION HJ 


Power Plant and 
Compressed Air 


.MININCi 

^CADUOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


THE FDLLDWINC MANUFACTURERS and DEALERS 
ARE REPRESE NTED IN THIS SECTION'S 


Allis-Chalmcrs Mfg. Co. 

Brownell Company, The 
Buckeye Boiler Skimmer Co., The 
Bury Compressor Co. 

Celite Products Co. 

Chicago Pneumatic Tool Co. 

Crane Company 

De La Vergne Machine Co. 

De Laval Steam Turbine Co. 

Dodge Sales Engineering Co. 

Edge Moor Iron Company 
Goodrich, B. F. Rubber Co., The 
Greene, Tweed Co. 
Ingersoll-Rand Co. 


Jenkins Bros. 

Kelly Jones Co., The 
McIntosh Seymour Corp. 

Moore Steam Turbine Corporation 
Muncie Oil Engine Co. 

Nelson Valve Co. 

Permutit Co., The 

Quigley Furnace Specialties Company, Inc. 
Scaife, Wm. B. ^5 Sons Co. 

Sturtevant, B. F. Company 
Sullivan Machinery Company 
Terry Steam Turbine Co., The 
Walsh Weidner Boiler Co., The 
Worthington Pump and Machinery Corp. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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Rules for Management and Care of Steam Boilers 

As Adopted by the Hartfoi^ Steam BoUer Inspection and Insurance Company, by 

Whose Courtesy This Published 


Water Level—^Whenever going on duty in the 
boiler room, find out, first of all, where the water 
level is in the boilers. Never unbank nor replenish 
the fires until this is done. Make sure that the 
gauge glass and gauge cocks, and all the connec¬ 
tions thereto, are free and in good working order. 
Do not rely upon the glass altogether, but use the 
gauge coclm also, and try them all, several times a 
day. 

Leaks—^Before starting up the fires, open each 
door about the setting and look carefully for leaks. 
If leaks are discovered, either then or at any other 
time, they should be located and repaired; but cool 
the boiler off, first. If leaking occurs at the fore 
and aft joints, the insurance company should be 
notified at once. This is important, whether the 
attendant considers the leakage serious or not; and 
it is especially important when the boiler has a 
single bottom sheet, or is of the two sheet type. 

Filling the Boiler—^When a boiler has been 
emptied df water, do not fill it again until it has 
become cold. 

Tight Joints and Good Gaskets—^In preparing 
to get up steam after the boiler has been out of 
service, be sure that the manhole and handhole 
joints are tight. Do not use gaskets that are thin 
and hard. 

Getting Up Steam—^Vent the boiler in some way, 
first, to permit the escape of air. Then fill the boiler 
to the proper level, open the dampers, and start the 
fires. Start them early, so as to have the pressure 
up at the required hour, without forcing, 

Gas or Oil Fuel—^Ventilate the setting thor¬ 
oughly before lighting the fire. Never turn on the 
fuel supply when starting up, nor after the snap¬ 
ping out of a burner, without first placing in the 
furnace a lighted torch or piece of burning waste, 
to ignite the fuel instantly. 

Cutting in Boilers—^In firing up a boiler that is 
to be connected with others that are already in 
service, keep its stop valve closed until the pressure 
within the boiler has become exactly equal to that 
in the steam main. Then open the stoi) valve a bare 
crack, and slowly increase the opening until the 
valve is wide open. The complete operation should 
occupy two minutes or more. Close the valve at 
once if there is the slightest evidence of any 
unusual jar or disturbance about the boiler. See 
that the steam main to which the boiler is to be 
connected is thoroughly drained before the valve is 
opened. 

Low Water—^In case of low water, immediately 
cover the fire with ashes or fresh coal. Close the 
ash-pit doors and leave the fire doors open. If gas 
or oU is used as fuel, shut off the supply from the 
burners. Don’t turn on the feed under any circum¬ 
stances, and don’t open the safety valve nor tamper 
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with it in any way. Let the steam outlets remain 
as they are. Get your boiler cool before you do 
anything else. 

Repairs Under Pressure—^No repairs of any 
kind should be made, either to boilers or to piping, 
while the part upon which the work is to be done 
is under pressure. This applies to calking, to tight¬ 
ening up bolts under pressure and to repairs of any 
kind whatsoever. 

Care of Safety Valves—^The safety valve must 
not be set at a pressure higher than that permitted 
by the insurance comi>any’s policy. Try all safety 
valves, cautiously, every day. If the actual blowing 
pressure, as shown by the gauge, exceeds the pres¬ 
sure at which the valve is supposed to blow, inform 
the office immediately, so that prompt notice may 
be sent the insurance company. 'The safety valve 
pipe should never have a stop valve upon it. 

Routine Use of the Blow-Off—^I'o remove sedi¬ 
ment from the bottom of the boiler, open the blow- 
off valve in the morning, or before the circulation 
has started up. The valve should be opened wide 
for a few moments, but it should be opened and 
closed slowly, so as to avoid shocks from water 
hammer action. When surface blow-offs are used, 
they should be opened frequently, for a few min¬ 
utes at a time. 

Foaming—In case of foaming, check the draft 
and cover the fires with fresh coal, or shut off the 
burners if oil or gas is used as fuel. Shut the stop 
valve long enough to find the true level of the water. 
If this is sufficiently high, blow down some of the 
water in the boiler, and feed in some fresh. Rep^t 
this several times if necessary. If the foaming 
does not stop, cool the boiler off, empty it, and find 
out the cause of the trouble. 

Oil in Boilers—Cylinder oil must be kept out of 
the boilers, because it is likely to cause overheating 
of the plates. Oily deposits may be removed, in a 
large measure, by scraping and scrubbing, although 
more efficient methods of treatment may be required 
in bad cases. If kerosene is used in a boiler, keep 
all open lights away from the manhole and hand¬ 
holes, both when applying the kerosene and upon 
opening the boiler up afterwards; and ventilate the 
inside of the boiler thoroughly, after oil has b^n 
used in it. 

Fusible Plugs—Fusible plugs should be filled 
with pure tin. They should be renewed or refilled 
as often as may be necessary to keep them in good 
condition. 

Banking the Fires—Clean the fires before bank¬ 
ing, push them back against the bridge wall, and 
cover them well with fresh coal. Keep the ash-pit 
doors closed, and open the fire doors a crack. Keep 
the damper nearly closed, but do not close it 
tight. 
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RULES FOR MANAGEMENT AND CARE OF STEAM BOILERS—Continued 


Cooling Oflf—In cooling a boiler before emptying 
it, first let the fire die out and then close all doors 
and leave the damper open until the pressure falls 
to the point at which it is desired to blow. Clean 
the furnace and let the brickwork cool for at least 
two hours before opening the blow-off valve. If it 
is desired to cool the boiler further, after it has 
been emptied open the manhole and leave every¬ 
thing else as in full actual service—the fire doors, 
front connection doors and cleaning doors being 
closed, and the damper and ash-pit doors open. 

Emptying the Boiler—First cool the boiler as 
explained in the last paragraph. Never blow out 
under a pressure exceeding ten or (at most) fifteen 
pounds by the gauge. 

Removing Deposit and Sediment—^The engineer 
must find out for himself how often his boilers need 
to be opened and cleaned. In many plants it is 
necessary to clean every week, while in some 
favored few it is sufficient to clean every three 
months. When using kerosene or large amounts of 
scale solvent, or when (as in the spring time) the 
water becomes unusually soft, the boilers mu.st be 
opened oftener than usual. In washing out a boiler, 
wash the tubes from above, as well as from below. 

To Avoid Scalding Men—Never touch any valve 
whatsoever, in any part of the room, while a man 
is inside of a boiler, nor even after he has come out 
again, until he has reported that his work is fin¬ 
ished and that he will not enter the boiler again. 
It is well to lock the stop valve and blow-off valve 
upon every boiler in which a man is working, while 
other boilers are under steam. Padlocks and chains 
may be used for this purpose. 

Cleaning the Tubes of Water Tube Boilers—In 

water tube boilers the covers opposite the three 
rows of tubes nearest the fire should be taken off 
once a month and the tubes thoroughly scraped and 
washed out; and all the tubes should be thoroughly 
scraped and washed out at least once in four 
months. This is for water of average quality. If 
the water is bad, clean the tubes oftener 

Mechanical Tube Cleaners—When mechanical 
hammers or cleaners are employed for removing 
scale from tubes, the pressure used to operate them 
should be as low as will suffice to do the work. Do 
not allow the cleaner to operate for more than a 
few seconds upon any one spot, and see that it goes 
entirely through the tube. Avoid high tempera¬ 
tures in the steam or the water used to operate the 
cleaner. 

Laying Up Boilers—In putting a boiler out of 
service, it should be cooled, emptied and thoroughly 
cleaned, both inside and outside. The setting 
should likewise be cleaned in all its parts. Leave 
the handhole covers and manhole plates off. After 
washing the interior of the boiler, let it drain well. 
Then see that no moisture can collect anywhere 
about the boiler, nor drip u^n it either internally 
or externally. Empty the siphon below the steam 
gauge if the boiler room is likely to be cold, or take 
the gauge off and store it safely away. 

Corrosion—Do not allow moisture to come in 
contact with the outside of the boiler at any time, 
either from leaky joints or otherwise. Keep the 
mud drums and nipples and the rear ends of hori- 
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zontal and inclined tubes in water tube boilers, free 
from sooty matter. If internal corrosion is discov¬ 
ered, notify your employers at once, so that the 
insurance company may be promptly informed. 

Miscellaneous Suggestions—Examine your boil¬ 
ers carefully in all their parts whenever they are 
laid off, and keep them as clean as possible, both 
ingide and outside. See that all necessary repairs 
are made, promptly and thoroughly. Keep the 
water glass and pressure gai^e clean and well 
lighted. If any contingency arises that you do not 
understand, report the matter to your employers at 
once; and if you think it possible that serious 
trouble may be impending at any time, shut down 
the boiler immediately. 

Local Laws and Ordinances—Inform yourself 
respecting any local laws or ordinances relating to 
the duties of engineers and firemen, or to the plant 
in which you work. If there be any such, attend to 
them faithfully. 


EFFECT OF SCALE IN BOILERS 


Take an ordinary granite iron or tinned iron 
stewpan and firmly glue to its underside a irastage 
stamp. Pour water into the pan and place it on a 
gas stove so that the postage stamp will be in 
direct contact with the flame. Leave the pan on 
the stove until the water has boiled violently and 
then examine the stamp. The stamp will not even 
be charred, much less burned. In fact it may be 
removed from the bottom of the pan and used to 
post a letter in the regular way. And this, not¬ 
withstanding the fact that it was on the underside 
of the pan and in direct contact with the hottest 
part of the flame. 

Now put into the pan a mixture of water and 
Portland cement half an inch thick. This, when 
set, will be the equivalent of half an inch of scale. 
Repeat the experiment made before and it will be 
found that the stamp will bum up very quickly. 

The reason that the postage stamp on the bot¬ 
tom of the vessel is not charred by the flame when 
no scale is present is that the water, being in imme¬ 
diate contact with the thin bottom of the vessel, 
absorbs the heat as fast as it is put into the vessel 
by the flame. The result is that, no matter how hot 
the flame may be, the bottom of the vessel remains 
at practically the same temperature as the boiling 
water with which it is in contact. In an open vessel 
the temperature of boiling water, of course, is 212 
degrees and this is not sufficiently high to char 
paper. When scale is present, the water cannot 
absorb the heat as fast as it is put into the ve.ssel 
by the flame, as a result of which the temperature 
becomes greater than 212 degrees and bums the 
postage stamp. 

It is the same with steam-boilers. If the water 
comes in direct contact with the thin plates, the 
heat is absorbed, the temperature of the plates 
remains practically the same as the water, and no 
harm is done. If there be a considerable thickness 
of impervious scale in the boiler, the water cannot 
absorb the heat as fast as it is put into the plates 
by the furnace, and so the plates become overheated, 
get red, become plastic, and finally give way to the 
force of steam pressure, causing a bag, or a mpture. 
or a violent explosion of the boiler. 
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Power Plant Data—Boilers 


TUBULAR BOILERS 

Each nominal horse power requires: 

8 cubic feet total capacity. 

2 cubic feet steam room. 

10 square feet of heating surface—the whole 
tube surface being taken as effective, 
square foot of fire grate surface. 

1 cubic foot of water per hour. 

10 square inches sectional area of tubes. 

13 square inches flue area. 

6 square inches chimney area. 

Diameter of tubes, l/30th of their length. 

* * « * 

For estimating on fire brick work, use the fol¬ 
lowing figures: 

1 square foot 41,4-inch wall requires 7 brick. 

1 square foot 9-inch wall requires 14 brick. 

1 square foot 13i/4-inch wall requires 21 brick. 

1 cubic foot brick-work requires 17 nine-inch 
straight brick. 

1 cubic foot fire clay brick-work weighs 160 
pounds. 

1,000 brick (closely stacked) occupy 66 cubic 
feet. 

1,000 brick (loosely stacked) occupy 72 cubic 
feet. 


The effect of scale on the heating surfaces tends 
to shorten the life of the boiler. That overheating 
results from scale is certain. To raise steam to a 
working pressure of 90 pounds the water must be 
raised to a tempera- 
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SHELL 

TUBES 

Heating 
Surface 
Square Feet 

Horse Power 

Diameter 

(Inches) 

U)(V 

C « 

2^ 

Number 

Length 

(Feet) 

Diameter 

(Inches) 

72 

18 

70 

18 

4 

1502 

150 

72 

16 

90 

16 


1472 

147 

72 

16 

112 

16 

3 

1496 

160 

72 

15 

112 

16 

3 

1400 

140 

60 

18 

66 

18 

3% 

1200 

120 

60 

17 

65 

17 

3% 

1148 

115 

60 

17 

66 

17 

3V^ 

1148 

107 

60 

16 

80 

16 

3 

1088 

109 

60 

15 

80 

16 

3 

1020 

102 

60 

14 

80 

14 

3 

952 

96 

60 

13 

80 

13 

3 

884 

88 

54 

18 

50 

18 

3Vi 

951 

96 

54 

17 

50 

17 

3^ 

900 

90 

54 

16 

50 

16 

3% 

795 

79 

54 

16 

60 

16 

3 

832 

83 

54 

15 

60 

16 

3 

780 

78 

54 

14 

60 

14 

3 

728 

73 

54 

13 

60 

13 

3 

676 

68 

54 

12 

60 

12 

3 

624 

62 

48 

16 

40 

16 

3^ 

683 

68 

48 

16 1 

49 

16 

3 

684 

68 

48 

15 1 

49 

16 

3 

642 

64 

48 

14 

49 

14 

3 

600 

60 

48 

13 

49 

13 

3 

656 

66 

48 

12 

49 

12 1 

3 

513 

61 

48 

11 

65 

11 1 


642 

64 

48 

10 

66 

10 

2^ 

496 

60 

42 

15 

38 

16 

3 

508 ^ 

61 

42 

14 

38 

14 

3 

476 

48 

42 

13 

38 

13 

3 

441 

44 

42 

12 

38 

12 

3 

408 

41 

42 

11 

45 

11 

2^ 

390 

39 

42 

1 10 

46 

10 

2^ 

366 

36 

42 1 

1 d 

46 

9 

2^ 

320 

32 

42 


45 

8 

2% 

286 

29 

42 

1 7 

46 

7 

2% 

248 

26 


ture of 331 degrees F. 
This may be done 
through a clean 
%-inch steel shell by 
heating the external 
surface to about 335 
degrees. Many scales 
of only a %-inch thick¬ 
ness offer so much re¬ 
sistance to the passage 
of heat that the heat¬ 
ing surfaces must be 
heated to 700 or 800 
degrees Fahrenheit— 
almost to a red heat. 
The higher the tem¬ 
perature at which iron 
is kept the more rap¬ 
idly it oxidizes, and at 
any temperature above 
600 degrees it soon be¬ 
comes brittle and 
granular, from car¬ 
bonization. This weak¬ 
ens the boiler, and 
makes expensive re¬ 
pairs necessary. 
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Percentage 


of Saving for Each Degree of Increase In Temperature 
of Peed-Water Heated by Waste Steam 


Initial Tem¬ 
perature of 
Feed, Degrees 

Pressure of Steam in Boiler, Pounds per 

Square Inch Above Atmosphere 

Initial Tem¬ 
perature, 
Degrees 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

32 

.0872 

.0861 

.0866 

.0861 

.0847 

.0844 

.0841 

.0889 

.0837 

.0836 

.0888 

82 

40 

.0878 

.0867 

.0861 

.0866 

.0863 

.0860 

.0847 

.0846 

.0843 

.0841 

.0889 

40 

50 

.0886 

.0876 

.0868 

.0864 

.0860 

.0867 

.0864 

.0862 

.0860 

.0848 

.0846 

60 

60 

.0894 

.0883 

.0876 

.0872 

.0867 

.0864 

.0862 

.0869 

.0866 

. 0866 

. 0853 

60 

70 

.0902 

.0890 

.0884 

.0879 

.0876 

.0872 

.0869 

.0867 

.0864 

.0862 

.0860 

70 

80 

.0910 

.0898 

.0891 

.0887 

.0883 

.0879 

.0877 

.0874 

.0872 

.0870 

.0868 

SO 

90 

.0919 

.0907 

.0900 

.0896 

.0888 

.0887 

.0884 

.0883 

.0879 

.0877 

,0876 

90 

100 

.0927 

.0916 

.0908 

.0908 

.0899 

.0896 

.0892 

.0890 

.0887 

.0886 

. 0883 

100 

110 

.0936 

.0923 

.0916 

.0911 

.0907 

.0903 

.0900 

.0898 

.0896 

.0893 

.0891 

110 

120 

.0946 

.0932 

.0926 

.0919 

.0916 

.0911 

.0908 

.0906 

.0903 

.0901 

.0899 

120 

130 

.0954 

.0941 

.0984 

.0928 

.0924 

.0920 

.0917 

.0914 

.0912 

.0909 

.0907 

130 

140 

.0963 

.0950 

.0948 

.0937 

.0932 

.0929 

.0925 

.0923 

.0920 

.0918 

.0916 

140 

150 

.0973 

.0969 

.0951 

.0946 

.0941 

.0937 

.0934 

.0931 

.0929 

.0926 

.0924 

160 

160 

.0982 

.0968 

.0961 

.0956 

.0960 

.0946 

.0943 

.0940 

.0937 

.0936 

.0983 

160 

1 70 

.0992 

.0978 

.0970 

.0964 

.0969 

.0955 

.0962 

.0949 

.0946 

.0944 1 

.0941 

170 

180 

.1002 

.0988 

.0981 

.0973 

.0969 

.0966 

.0961 

.0968 

.0955 

.0963 1 

.0961 1 

180 

190 

.1012 

.0998 

.0989 

.0983 

.0978 

.0974 

.0971 

.0968 

.0964 

.0962 

.0960 

190 

200 

.1022 

.1008 

.0999 

.0998 

.0988 

.0984 1 

.0980 

.0977 

.0974 

.0972 

.0969 

200 

210 

.1033 

.1018 

.1009 

.1003 

.0998 

.0994 

.0990 

.0987 

.0984 

.0981 

.0979 1 

210 

220 


.1029 1 

.1019 

.1013 

.1008 

.1004 

4.1000 

.0997 

.0994 

.0991 

.0989 

220 

230 


.1039 

.1081 

.1024 

.1018 

.1012 

.1010 

.1007 

.1003 

.1001 

.0999 

230 

240 


.1060 ! 

.1041 

.1034 

.1029 

.1024 

.1020 

.1017 

.1014 

.1011 

.1009 

240 

250 


.1062 

.1052 

.1046 

.1040 

.1035 

.1031 

.1027 

.1025 

.1022 1 

.1019 1 

250 


This table taken from Kent furnishes a ready and accurate means of determining the per¬ 
centage of the gain obtained by heating feed water. 


To ascertain heating surface in tubular boilers 
multiply two-thirds the circumference of boiler by 
length of boiler in inches and add to it the area of 
all the tubes. 

« « « * 

Don’t depend too much upon the gauge glass, 
but try the cocks often enough to keep your hand in 
in telling the height of water by them. 
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BOILER HORSE POWER 

The accepted rule for figuring horse power i.s as 
follows: 

One horse power equals the evaporation of 30 lbs, 
of water per hour from an initial temperature of 100 
deg. Fahr. into steam at 70 lbs. gauge pressure, or 
its equivalent; 34% lbs. of water evaporated per 
hour from a temperature of 212 deg. Fahr. into 
steam at 212 deg. 
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PIPING SYSTEM 


The factors which should receive the most care¬ 
ful consideration in the design of the piping system 
are: the size of pipe to be employed, the methods 
used in reducing and disposing of condensation, and 
the means used in keeping the radiation losses at a 
minimum. 

The consensus of en^eering opinion on the 
question of material of pipes and fittings indicates 
that all pipe should be wrought iron, soft steel or 
cast iron. Pipe at present is made in three different 
weights, “standard”, “extra strong” and “double 
sxtra strong”, and the sizes, unless otherwise stated, 
are given in terms of the inside diameter. How¬ 
ever, the difficulty in flan^ng wrought iron pipe has 
in some measure limited its use to plants which are 
located near where the pipe is manufactured. 

The following are the standard specifications 
for power piping adopted by the Power Piping So¬ 
ciety, June 2A, 1917: 

General Requirements 

In the absence of a distinct specification by the 
Purchaser for material of a better grade, all ma¬ 
terial furnished shall conform to these specifica¬ 
tions. 

It is the intention that all material furnished 
hereunder shall be of the quality and weight which 
experience has shown to be ssffe and economical, 
hence the pressures specified are somewhat under 
those at which satisfactory service can be expected 
under favorable conditions, but as high as good 
practice will permit. 

In the event of a specification by the Purchaser 
for service more severe for a given class of mater¬ 
ial than that given herein such material shall be 
furnished at the Purchaser’s risk, and any guaran¬ 
tees for such material mad^ hereunder become 
null and void. 

VALVES 

Materials 

Castings: All castings shall be smooth and 
free from injurious defects. 

Cast Steel: The metal in steel castings shall 
conform to the requirements of the American So¬ 
ciety for Testing Materials for “Medium Castings.” 

Semi-Steel: The metal in semi-steel castings 
shall have a tensile strength of not less than 30,000 
pounds per square inch. A transverse test of the 
“Arbitration Bar,” as outlined by the American So¬ 
ciety for Testing Materials, supported 12 inches be¬ 
tween centers shall show before breaking a load of 
3,300 pounds and a deflection of not less than .12 
inches. 

Gray Iron: The metal in gray iron castings 
shall have a tensile strength of not less than 20,000 
pounds per square inch. A transverse test as for 
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Semi-Steel shall show before breaking a load of 
2,900 pounds and a deflection of .10 inches. 

Dimensions of Flanged Fittings 

All standard and extra heavy flanged fittings 
shall conform to the center to face, thickness, and 
flange dimensions of the “American Standard,” as 
recommended in 1914 by the A. S. M. E. Fittings 
used for working steam pressures 25 pounds and 
lower, and for water pressures 50 pounds and lower, 
may be lighter in the shell than the American Stan¬ 
dard for 125 pounds working pressure. 

Drilling and Facing of Flanges 

All drilling of flanges shall conform to the tem¬ 
plates of the said “American Standard,” and shall 
straddle centers. 

Standard flanges shall be plain faced. Extra 
heavy flanges shall have raised face extending to 
the inside edge of bolt holes. 

Spotfacing and Backfacing 

Flanges of Extra heavy Cast Iron or Semi- 
Steel materiel shall be either spotfaced or backfaced 
for all sizes 14 inch and larger. All Cast Steel 
flanges shall be spotfaced or backfaced. 

Type of Joints 

The following sizes are the smallest for which 
flanged joints will be required except for unions. 
Below these sizes screwed connections may be used. 

Superheated Steam.2 inches 

Saturated steam above 125 pounds.2V^ inches 

Boiler Feed .2V^ inches 

Exhau.st.2V^ inches 

Low Pressure Water.2i^ inches 

Blow-Off .2 inches 

Drains .2V^ inches 

Valves, next to the boilers and engines them¬ 
selves, are the most important items used in the 
steam operating plant. In years gone by little or 
no attention was paid to this feature and operating 
engineers were more or less satisfied with practi¬ 
cally any kind of a valve provided it would open or 
close the line. Now valves have become as much a 
scientific study as the boiler, the engine, the con¬ 
denser and the feed water heater. Laws have been 
passed which make it necessary to install valves 
of a reliable make, along with safety devices for 
the protection of both life and property. 
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One of the most common ty.ne of valve is the 
Globe Valve. 

It should be set so the pressure 
will be on the underside of the disc, 
for if set in the opposite manner, 
should the disc become detached, it 
could not be opened, even though the 
stem did move. This type of valve 
causes considerable friction as the 
flow must make two turns at nearly 
right angles and should be used only 
for throttling, for blow off purposes 
or for sizes smaller than % inch. 

The Gate Valve, or straightway type, as it is 
sometimes called, offers but little resistance and u/ 
the commonly used valve about steam 
plants. This valve is made with both 
inside and outside screw, the latter 
being preferable where space per¬ 
mits owing to the fact that the stem 
travels and the position of the disc 
can be determined at a glance. All 
outside screw gate valves should be 
back-seated to provide for repacking 
under pressure. Both types can be 
furnished in the taper wedge and 
parallel seat type. 

Check Valves should be installed where it is es¬ 
sential that the flow' should always be in the same 
direction. There are several different styles of 
this valve, the swdng, the ball lift and the internal 
dash-pot. The swing type as a rule is generally 
preferred as it is practically a straightway valve 
and offers no resistance to the flow. Its seat and 
disc are inclined at an angle, this allowing but a 
small chance for sediment to gather in either. 

The Safety Valve can be furnished in either the 
globe or angle type and is used for reducing pres¬ 
sure when it exceeds a certain point. This valve 
is made in several different styles but in all cases 
the principle of operation is the same, consisting of 
a valve opening and being held in position by a 
spring or weight. 

The Non-Return Valve is according to general 
piactice placed on each boiler lead for the follow¬ 
ing reasons: 

1. It instantly and automat¬ 
ically isolates a boiler from the 
header, in the event of a tube 
blowing out or an elbow burst¬ 
ing, or if the pressure in the 
boiler is reduced suddenly from 
any cause. 

2. It acts as a safety stop 
to prevent steam being turned 
on into a cold boiler while men 
are w >rking inside, as it can 
not be opened where there is 
pressure on the header side only. 

3. When placed between the 
boiler and the header it acts as 
an equalizing valve between the 


different units of the battery, remaining closed as 
long as the boiler pressure is lower than that in 
the header. 

Non-Return Valves should work quietly and be 
insteUed in the pipe line wnth its stem in a vertical 
position, and so that the boiler pressure enters 
underneath the disc. 

For Superheated Steam they shall be extra 
heavy, cast steel completely monel mounted, with 
monel metal pistons and dash pots if same are in¬ 
ternal, and monel metal stems. 

For Saturated Steam up to 250 pounds per 
square inch they shall be semi-steel, completely 
bronze mounted, with bronze pistons and dash pots 
and bronze stems. 

Back pressure valves, exhaust relief valves, re¬ 
ducing valves, throttle valves and valves of a spe¬ 
cial nature should be discussed wdth engineers or 
experts who are familiar wnth these lines. When 
in doubt as to the service a certain type of valve 
will perform it is always advisable to consult some 
authority on valves, for with all justice to the 
manufacturer, no one valve wall answer all purposes 
and quite often a valve is condemned, not on ac¬ 
count of its quality, but because it is not adapted 
to its requisite function. 

Material and test pressures for the various 
services shall be as follows: 

Superheated Steam: Gate valves 2 inches and 
larger shall be extra heavy, outside screw and yoke 
pattern, with cast steel bodies, bonnets, discs and 
yokes; monel metal or 23 per cent nickel steel seats 
and disc rings; monel metal or 23 per cent nickel 
steel stems; and monel metal or 23 per cent nickel 
steel back-seating bushing below the stuffing box. 
Valves 8 inches and larger ^all be by-passed. 

Globe and angle valves 2 inches .ind larger shall 
conform to the same general specification. 

All stop valves IVi inches and smaller shall be 
extra heavy and shall be made of bronze containing 
not less than 10 per cent of nickel. 

Valves shall be tested to 800 pounds hydrostatic 
pressure. 

Saturated Steam Between 150 Pounds and 250 
Pounds Per Square Inch Inclusive: Gate valves 
2V^inches and larger shall be extra heavy, outside 
screw and yoke pattern, with semi-steel bodies, 
bonnets, discs and yokes; bronze seats and disc 
rings; and bronze stems. Gate valves 8 inches and 
larger shall be by-passed. 

Globe and angle valves 2^ inches and larger 
shall conform to the same general specification. 

All valves 2 inches and smaller shall be extra 
heavy bronze. 

Valves shall be tested to 800 pounds hydrostatic 
pressure. 
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Saturated Steam Between 125 Pounds and 149 
Pounds Per Square Inch Inclusive: Gate valves 2V^ 
inches and larger shall be medium, outside screw 
and yoke pattern, tested to 600 pounds hydrostatic 
pressure, with gray iron bodies, bonnets, discs and 
yokes; bronze seats and disc rings; and bronze 
stems. 

Gate valves 10 inches and larger shall be by¬ 
passed. 

Globe and angle valves 2V^ inches and larger 
shall be extra heavy pattern, tested to 800 pound 
hydrostatic pressure, but other wise to the same 
general specification. 

All valves 2 inches and smaller shall be extra 
heavy bronze, tested to 500 pounds hydrostatic 
pressure. 

Boiler Feed Between 125 Pounds and 250 Pounds 
Per Square Inch Inclusive: Gate valves 2V^ inches 
and larger shall be extra heavy, outside screw and 
yoke pattern, with semi-steel bodies, bonnets, discs 
and yokes; bronze seats and disc rings and bronze 
stems. 

Globe and angle valves 2V4 inches and larger 
shall conform to the same general specification. 

Check valves 2V^ inches and larger shall be ex¬ 
tra heavy pattern, with bronze seats and disc rings. 

All valves 2 inches and smaller shall be extra 
heavy bronze. 

Valves shall be tested to 800 pounds hydio- 
stratic pressure. 

Exhaust: Gate valves 14 inches and larger 
shall be outside screw and yoke, low pressure pat¬ 
tern, suitable for 26 pounds working steam pres¬ 
sure, with gray iron bodies, bonnets, discs and 
yokes; bronze seats and disc rings; and rolled stetl 
stems. Where space does not permit using outside 
screw and yoke, inside screw patterns may be used. 

Gate valves 2V^ inches to 12 inches inclusive, 
shall be standard pattern, outside screw and yoke, 
suitable for 125 pounds working pressure, with 
gray iron bodies, bonnets, discs and yokes; brons-.e 
seats and disc rings; and rolled steel stems. 

Gate valves 2 inches and smaller shall be stan¬ 
dard brass. 

Suction and Low Pressure Water: Gate valves 
shall conform to the same specification as for “Ex¬ 
haust” except that in every case bronze stems shall 
be used. 

Check valves shall be standard, pattern swing 
checks with bronze seats and disc rings. 

Blow-Oflf: Blow-off connections shall be double 
valved. 
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Drains Between 125 Pounds and 250 Pounds Per 
Square Inch: Valves shall conform to the specifica¬ 
tion for those for “Saturated Steam between 150 
and 250 pounds per square inch inclusive.” 

Low Pressure Drains: Valves shall confonn to 
the specifications for those for “Exhaust.” 


Fittings 

Superheated Steam: Fittings 2 inches and 
larger shall be extra heavy, cast steel. Fittings IVi 
inches and smaller shall be forged or cast steel. 

Saturated Steam, Boiler Feed and Drains Be¬ 
tween 125 Pounds and 250 Pounds Per Square Inch, 
Inclusive: Fittings 2V^ inches and larger shall be 
extra heavy, semi-steel. Elbows for boiler feed 
shall be long radius where possible. Fittings 2 
inches and smaller shall be extra heavy, gray iron. 

Exhaust, Suction, Low Pressure Water and 
Low Pressure Drains: Fittings 14 inches and larger 
shall be low pressure, gray iron, suitable for 25 
pounds working steam pressure. Fittings 12 inches 
and smaller shall be standard cast iron. 

Flanged elbows for water shall be long radius 
where possible. 

Blow-Off: Fittings shall be extra heavy semi¬ 
steel. Long radius fittings shall be used where 
possible. 


Pipe, Flanges and Unions 

Van Stone flanges shall fit the pipe closely. The 
lap shall be finished off to the inside edge of the 
bolt holes and faced with a fine tool finish. 

Screw flanges shall be made up by machine 
where possible and all extra heavy flanges made up 
in the shop shall be refaced. 

Steel flanges shall correspond in thickness to 
the flange of the American Standard for Fittings. 

Superheated Steam: Flanges 6 inches and larger 
shall be high hub steel. Van Stoned. Flanges 5 
inches and smaller shall be steel, screwed. 

Saturated Steam Between 150 Pounds and 250 
Pounds Inclusive: Flanges 6 inches and larger shall 
bs low hub steel. Van Stoned. 

Flanges 5 inches and smaller shall be extra 
heavy semi-steel, screwed. 

Saturated Steam Between 125 Pounds and 149 
Pounds Per Square Inch Inclusive: Flanges 14 
inches and larger shall be extra heavy high hub 
semi-steel. Van Stoned. 

Flanges 12 inches and smaller shall be extra 
heavy semi-steel, screwed. 

Boiler Feed and Drain Piping Between 125 
Pounds and 250 Pounds Per Square Inch Inclusive: 
Flanges shall be extra heavy semi-steel, screwed. 
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Exhaust, Suction, Low Pressure Water and Low 
Pressure Drains: Ranges 14 inches and larger 
shall be standard cast iron pattern. Van Stoned. 

Flanges 12 inches and smaller shall be standard 
cast iron, screwed. 

Blow-Off: Flanges shall be extra heavy semi¬ 
steel, screwed. 

Unims: On all screwed work a sufficient num¬ 
ber of unions shall be used to facilitate repairs. One 
union shall be used near each screwed valve. Unions 
iy2 inches and larger shall be flanged and below 
IY 2 inches they shall be gasketless, with non-corro¬ 
sive seats. 


Wrought Pipe 

Wrought pipe shall be steel. Standard pipe shall 
be buttwelded for sizes 3 inches and smaller and 
lapwelded for sizes 3V^ inches and larger. Extra 
strong pipe shall be buttwelded for sizes 2 inches 
and smaller and lapwelded for sizes 21^4 inches and 
larger. 

Steam Between 150 Pounds and 250 Pounds Per 
Square Inch Inclusive: Pipe shall be full weight 7 
inches and smaller. Sizes larger than 7 inch shall 
be of the following thickness or weights per foot: 
8 inch, 28.65 pounds; 9 inch, 33.90 pounds; 10 inch, 
40.48 pounds; 12 inch, 49.56 pounds; 14 to 20 inch, 
inclusive, % inches; 22 to 24 inch, inclusive, 7/16 
inches. 

Steam Between 125 Pounds and 149 Pounds Per 
Square Inch Inclusive; Suction and Low Pressure 
Water: Pipe shall be full weight 7 inches and 
smaller. Sizes larger than 7 inch shall be of the 
following thickness or weights per foot: 8 inch, 
24.69 pounds; 9 inch, 33.90 pounds; 10 inch, 34.24 
pounds; 12 inch, 43.77 pounds; 14 to 20 inch inclu¬ 
sive, 6/16 inches; 22 inch to 24 inch inclusive, % 
inches. 

Boiler Feed: Pipe for pressure between 150 
and 260 pounds per square inch inclusive shall be 
extra strong and between 125 pounds and 149 
pounds per square inch inclusive, shall conform to 
the specifications for “Steam” for the same pres¬ 
sures. 

Exhaust Piping: Pipe 7 inches and smaller shall 
be full weight; 8 inch to 12 inch inclusive, shall be 
the same as for “Steam” between 125 pounds and 
149 pounds inclusive; between 14 inches and 18 
inches indusive it shall be ^ inch; and between 20 
inches and larger it shall be of the lightest card 
weight. 

Blow-Off: Pipe shall be extra strong. 

Drains: Pipe shall conform to the specification 
for Steam Piping for the same pressure and service. 

Welding: Where it is advisable economically, 
branches shall be welded to main piping, in prefer¬ 
ence to the use of fittings. All welds so made shall 
receive a hammer test under hydrostatic pressure 
three times the working pressure. The fillets and 
branches if buttwelded shall be built up to a radius 
equal to not less than three times the thickness of 
the pipe wall. 


Bends: Bonds shall be used for changes of 
alignment in preference to fittings. They shall be 
substantially round in section and free from in¬ 
jurious buddes. Radii equal to not less than 6 
diameters of the pipe shall be used where possible. 

Cast Iron Pipe 

Where used for exhaust, suction, and low pres¬ 
sure water. Cast Iron pii» shall correspond in 
thickness to “Class A” pipe as spedfied by the 
American Water Works Assodation. 

Bolts 

All flange bolts inches in diameter and 
smaller shall have square heads and U. S. Standard 
hexagonal cold punched chamfered and trimmed 
nuts. For bolts larger than IVi inches studs with 
two nuts may be used. When pulled up the bolt 
thread shall extend completely through the nut. 

Gaskets 

Gaskets shall fit inside of bolt holes for all lines 
not under vacuum. Vacuum lines shall have full 
faced gaskets. 

Sheet Gaskets up to and including 12 inch size 
shall be 1/16 inch thick and for 14 inch and larger 
they shall be 3/32 inches thick. 

Superheated Steam: Gaskets shall be super¬ 
heated sheet or metaL 

Saturated Steam; Bidler-Feed, Blow-Off and 
Drains: Gasket shall be Rainbow or equivalent, or 
corrugated copper. 

Exhaust: Gaskets shall be Rainbow or equiv¬ 
alent. 

Suction and Low Pressure Water: Gaskets shall 
be doth inserted rubber or equal. 

Supports 

A sufficient number of supports, preferably 
bangers, shall be provided and so placed tiiat their 
working stresses shall have a factor of safety of 
not less than six, assuming that each hanger is 
bearing its proportion of the load with the line fidl 
of water. 

Sufficient anchorage shall be provided where 
necessary. 

If roller supports are used they shall have screw 
adjustment. 

Piping Not Shown 

Piping and appurtenances such as drains, traps, 
priming pipes, gage and oil piping, etc., called for 
but not shown on drawings shall be furnished up to 

a value of $. 

for material only at prevailing market prices. Any 
lines ordered in excess of this amount shall be con¬ 
sidered as extra work and shall be furnished at 
prices to be agreed upon between the Purchaser 
and the Company. 

Size of Steam Lines 

The factors which govern the size of steam lines 
are: the allowable steam velocity and the radiation 
loss. Radiation increases with the size of pipe, 
while the velocity of steam decreases; however, in 
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modern practice there is a tendency toward the 
hisrher velocity, and 16,000 feet per minute ia not 
unusual with superheated steam; fonnerly 6,000 
'eet per minute was considered the limit. 

In ‘Tower,” June 19,1915, Mr. F. A. SaJmon pr^ 
sents the foUowins: formula as representing stand¬ 
ard practice in determining the size of pipe: 



Where: 

d=pipe diameter, 
a — area of bore. 

w=aXC=pounds of steam per hour. 
C==a constant. 

3.1416 XC 


▼A&oas or X avs o. 


Vacuum Hg. 
In inches 

18 

26 

14 

22 

20 

11 

16 

6 

0 

C 

60 

84 

106 

121 

114 

144 

161 

176 

187 

K 

89.1 

66 

81.6 

96.7 

101 

111 

118.6 

188 

147 

(3auge 

Pressure 

80 

100 

126 

150 

176 

100 




C 

167 

175 

284 

291 

291 

804 




K 

1 

210 

216 

228 

229 

234 

289 





« « « * 


Properly constructed feed water heaters will 
save from 10 to 15 per cent, of fuel. 

Steam engines, in economy, vary from 14 to 
80 lbs. of feed water and from 1^2 to 7 lbs. of coal 
per hour for every indicated horse power. Con¬ 
densing engines require from 20 to 30 gallons of 
water at an average low temperature to condense 
the steam represented by every gallon of water 
evaporated in the boilers supplying the engines. 

To calculate the horse power of boilers, the Cen¬ 
tennial standard is now generally accepted. An 
evaporation of 30 pounds of water per hour from 
a feed temperature of 100 degrees, Fahr., into 
steam of 70 pounds gauge pressure, and may be 
considered equal to 341/4 pounds of water from and 
at 212 degrees, Fahr., or 33,305 B. T. U. per hour. 


SPECIMEN FORM SHEET FOR ENGINES 

(Infonnatlon DMired hy lKaniifaotur«rs) 

For what service will engrlne be required?. 

State the kind wanted. 


What indicated horse-power will the engine be ordinarily re¬ 
quired to develop?. 

Will engine run condensing or non-condensing?. 

What steam pressure (by gauge) will be carried by boilers? 

About what will be the distance from the engine to the boiler? 

Is speed of engine determined, if so, what speed is required? 

State if engine is to receive a belt, or rope drive, or direct con¬ 
nection to line shaft. 

State if engine Is to be belted, forward or back. 

State which direction engine is to run, over or under. 

Standing at the cylinder, looking towards crankshaft, will the 

crankshaft be right or left?. 

State size of driving pulley wanted. 

Remarks . 


SPECIMEN FORM SHEET FOR BOILERS 

(Znformatloii Deslrsd by Mannfaotnrsrs) 

State kind wanted. 

State number of horse-power required. 

What type and power of engines are to be supplied with steam 
from these boilers . 

Will steam be used for any other purpose; if so, how much? 

What steam pressure (by gauge) is it desired to carry?. 

Will one stack be used for all boilers; or a separate stack for 
each? . 

What kind of fuel will be used?. 

Do you want a water heater? . 

Do you want a feed water pump? . 

Do you wish injectors? .. 

What accessories are desired for the plant?. 


Do transportation facilities impose a limit on weight or size? 
Remarks . 


SPECIMEN FORM SHEET FOR ELECTRIC 
POWER 

(Znformatloii Desired by Xannfaoturers) 

Is the pant to be driven by direct connection, belt, gearing, or 
rope transmission?. 

Are we to furnish generator or motor; if so, what make is 
preferred? . 

Shall w'e use our own judgment in making selection?. 

Do you prefer alternating or direct current machines?. 

What power will be used for driving the same?. 

If lights are wanted, will current be taken from the same 
circuit? . 

What will be the distance of motor from generator?. 

Do you want an inclosed or regular motor?. 

Will the motor be placed in a wet or damp location?. 

Are transformers wanted; if so, state primary voltage. 

.secondary . 

Is an automatic starting device wanted?. 

Shall we furnish all wires, etc?. 

In addition to the Instruments necessary for starting and 
stopping, what other equipment is desired?. 

What kind and make of generator have you, or what do you 
intend to install?. 

What is the voltage?. 

What will be the voltage at the motor?. 

What will be the effective horse-power at motor?. 

What is the working speed of motor?. 

What is the size of driving pulley?. 

If alternating, state number of cycles.Phase. 

Voltage . 

Remarks . 
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SPECIMEN FORM SHEET FOR WATER 
WHEELS 

(Information Daslred "bj Mannfaotnrars) 

What is the quantity of water available, in cubic feet, gallons 
or Miner’s inches per minute?. 

If water is not constant at all seasons give maximum. 

and minimum.flow. 

Is it desired to have the wheel use the maximum water 
supply? ... 

What is the head or vertical fall from ditch, flume or other 
source of supply, to the point where the wheel is to be 

located? . 

Horse-power required; maximum.minimum. 

Is future increase of power desired?. 

If any other machinery is to be driven, so state. 

If for driving dynamo, give capacity and speed. 

Is it for power, transmission, or lighting purposes?. 

What is tho size of pulley to be driven by pulley on water¬ 
wheel shaft?. 

What length of pipe is necessary to conduct the water to the 

wheel ? . 

If pipe is installed, what is the diameter of the same?- 

If the pipe is of several sizes, give length of each size. 

What is the size of the flume?. 

State the velocity of flow'.or grade on which 

flume is built. 

If the carrying capacity is known, state it. 

If the wheel is installed, what is the effective horse-power? 

What make is the wheel?. 

Is the wheel on a horizontal or vertical shaft?. 

What is the number of revolutions per minute?. 

What is the diameter of the shaft?.What is the diam¬ 
eter of the pulley?.Face of same?. 

NOTE3—Do not give as the water supply, the amount that 
will All a certain size of pipe—it is unreliable. 

It is advisable to furnish, if possible, a profile of the pipe 
line showing the pressure at different points, so as to divide 
the line up into thicknesses proportionate to the pressures, 
especially If it is of extreme length and will be under a heavy 
pressure: this data is very essential in order to lay it out 
economically. 

Remarks . 


ELECTRIC AND TRANSMISSION LINES 


While metal and concrete poles and steel towers 
may be used for the more important transmission 
lines, the wood pole construction still has a wide 
field of application, especially where the transmis¬ 
sion lines pass through country in which suitable 
pole timber grows. Therefore, in considering the 
transmission of power throughout coal mining dis¬ 
tricts, it will here be assumed that the wooden pole 
offers the more convenient type of construction, and 
very little reference will be made to steel towers. 
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Selection of Poles 

Cedar and chestnut are most commonly used for 
pole timbers. These are selected from sounds ma¬ 
ture, well-grown trees, which are cut while the sap 
is down (during the winter months), and prefer¬ 
ably seasoned for several months before being 
placed in the lines. Experience indicates that 
young wood is more apt to decay than the wood of 
older timber, owing to its large content of alumi- 
nate in which destructive fungi flourish. 

The item of seasoning may amount to as much 
as two or three years in the life of the pole, and for 
best results all poles should be stripped of bark and 
then seasoned under cover for several months until 
thoroughly dry. 

There are many methods of treating timbers 
which are constantly exposed to the weather and 
ground, but owing to the comparatively late intro¬ 
duction of these processes their relative merit is 
not yet fully determined. Some of these treatments 
are: Creosoting, Kyanizing, Bumetizing and Vul¬ 
canizing, all of which tend to retard decay by either 
extracting the natural sap and forcing into the wood 
a preservation compound, or by simply neutralizing 
the sap. These treatments have as yet not come 
into extensive use except in southern climates, 
where the upper portion of the pole decays nearly as 
rapidly as the butt, and where the tropical insects, 
marine worms, and water have destructive effects 
on unprotected wood. 

The tops of the poles are usually cut wedged 
shape or trimmed to a conical shape. Many com¬ 
panies do not treat their pole tops, although it is 
desirable to retard decay by applying a liberal coat¬ 
ing of linseed oil and white lead, or some kind of a 
mineral paint. It is also preferable to paint the 
gains and the adjacent portion of the cross arms, 
for where one piece of wood is held in contact with 
another moisture collects and fungi of decay fiour- 
ish. 

The common practice is to use poles from 30 to 
45 feet in length and placed in the ground to a depth 
of from 5 to 6V^ feet. This length is of course in¬ 
creased to meet requirements of crossings, trees, 
etc., and under no circumstances should poles carry¬ 
ing a voltage of 220 volts or more be less than 20 
feet above the ground. Frequently extra long poles 
are originally used and these sawed off and reset as 
they decay at the ground line. 

Pole Spacing 

The pole spacing is dependent upon the number 
and size of conductors carried, together with the 
nature of construction (whether straight line or 
having angles). The following table represents 
substantial practice for straight line work; for 
curves or angles, however, this spacing must be 
shortened. 


Number of 

1 Size of 

1 Top 

1 

Diameter I 

1 

Spacing; of 

Conductors 

1 Conductors 

1 

) of Pole 

Pole 

3 to 6 * 

1 No.s. 6 to 1 

1 

7 

inches 

150 feet 

3 

1 Nos. 0 to 4/0 

8 

inches 

125 feet 


1 Nos. 0 to 4/0 

' 8 

inches 

1 no feet 

3 1 

2 r, 0.000 C. M. 

1 9 

inches 

100 feet 

6 1 

1 

250,000 C. M. 

1 

1 10 

1 

inches 

I 80 feet 
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Cross Arms 

The kind of wood most largely used for cross 
arms are: Yellow Pine, Oregon or Washington Fir, 
Cedar, Cypress and White Pine. The standard arm 
is 31/4 inches by 4l^ inches; however, the longer 
length of arm required in high tension lines makes 
special arms necessary. These are made to order 
in sizes Irom 4x4 inches to 5x7 inches. 

The length of the arm is determined by the num¬ 
ber of conductors and the voltage carried. The 
spacing of conductors is taken up below, and ref¬ 
erence is made to this table. 

The cross arms are fastened to poles by a single 
through bolt fitted ith square ashers, and each 
side of the arm is braced from the bottom by means 
of galvanized steel braces. These braces are usually 
set at an angle with the pole from 45 to 60 degrees, 
and are fastened at the bottom by a single %x3i/4- 
inch lag screw. 

Double arms are necessary on terminal poles 
where the conductors are dead ended, on spaces 
over 150 feet, at angles of more than 20 degrees in 
the line, and where the cables are very heavy. 

Double arms are held intact either by means of 
blocks inserted and held with through bolts or 
by means of long threaded bolts fitted with double 
nuts and square washers. 

Pole Guying 

Pole guying is commonly left to the judgment 
of a good construction foreman, and each company 
usually has their own standard methods. In gen¬ 
eral, however, the following rules should be fol¬ 
lowed: 

1. The cable should be at least No. 3 galvanized 
steel stranded wire for light strain and from 5/16- 
inch to V^-inch cable for medium and heavy strains. 

2. All guys should be placed before stringing 
the conductors. 

3. Every pole which forms an angle of 10 de¬ 
grees or more from the fixed direction of the line 
should have its spacin^r with the adjoining poles 
shortened by one-third or more, depending upon the 
angle, and should be properly guyed to counteract 
the pull of the conductors. 


4. The guy cable should be given one complete 
turn around the poles and securely clamped with a 
3-bolt galvanized iron clamp. At the anchor end 
the cable should be protected by a thimble where it 
passes through the eyelet. 

5. There are several types of patent guy an¬ 
chors on the market which can be easily installed, 
but care should be exercised in choosing the type of 
anchor suitable for the character of the soil. For 
regular countiy construction, the old log and guy 
rod combination seems more popular than any 
other type of anchor. They are, however, a little 
more costly to install. 

6. Strain insulators of the spherical type should 
be inserted in all guy wire about 6 or 10 feet from 
the pole. 

7. Pole bracing should take the place of guy 
wires where it is inconvenient to run the cable. 


Insulators 

Fogs, rain, dust and severe electrical storms all 
have an influence on the choice of insulators. In 
general, however, since insulator manufacturers 
have no real rating standard, and because of the 
fact that an insulator is always chosen with a 
safety factor to cover extreme conditions of climate 
and surges, the matter of choice has no distinct 
dividing line. 

Porcelain and glass insulators may be obtained 
up to 20,000 volts, but the present demand seems to 
favor porcelain for voltages of 20,000 or more, and 
the base of the pin should fit the cross arm snugly. 

Below 20,000 volts wooden pins or pine made up 
of a wooden bushing and steel pin may be used. 


Conductor Spacing 

The spacing should be such that the wires can¬ 
not swing within arcing distance of each other in 
the span, and will, therefore, depend upon the 
length of span. The following table represents 
good practice: 


Line Voltage. 
2,200 
500 
1,500 
30,000 


Interaxial Spacing. 
18-inch 
24-lnch 
40-inch 
48-Inch 


THE DIESEL ENGINE 


The term “oil en^ne,” as generally used at the 
present time, is applied to internal-combustion en¬ 
gines that bum directly in the cylinder heavy liquid 
fuels of high boiling points, the fuel being injected 
into the compressed air shortly before or at the 
completion of the compression stroke. The dis¬ 
tinguishing features of oil engines are that the fuel 
vapor is not absorbed by air before it is admitted 
to the cylinder, and that no inflammable mixture of 
vapor and air is compressed preceding its ignition. 
Oil engines compress air alone, and the heat of 
compression is used to ignite the fuel, which bums 
by consuming the oxygen of the air in the cylinder, 
the engine transforming the heat energy into work. 

To facilitate and accelerate the burning of a 
liquid fuel it must either be vaporized, atomized, or 
intimately mixed with air immediately preceding 
its ignition. In Diesel engines the fuel is finely sub¬ 
divided by air, and in this act of atomization is 
injected directly into the engine cylinder, where it 
is ignited automatically by the highly heated air in 
the cylinder. The combustion is not explosion-like, 
but is prolonged at constant pressure for the entire 


period during which the fuel is injected into the 
cylinder. 

Properties of Diesel Engine Fuel 

A desirable fuel for Diesel engines should have 
the following properties: 

1. It should bum completely without leaving 
any residual matter in the cylinder, either in the 
form of soot, coke or ash. 

2. It should be free from mechanical impurities 
which might clog the fuel pipes, the valves of the 
fuel pump, and the fine fuel passages in the fuel- 
injection valves and nozzles, or might cause exces¬ 
sive cylinder wear. 

3. It should be sufficiently fluid at ordinary 
temperatures to flow readily to the fuel pump and 
thence to the fuel-injection valve. 

4. It should be free from water, as water 
lowers the heating value of the oil and may prevent 
its ignition. 

5. It should be free from highly volatile oils 
which will evaporate at ordinary temperatures and 
from an inflammable mixture with air, thus intro¬ 
ducing a Are hazard. 
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6. It should have a high heating value. 

Complete burning of an oil so that no combus¬ 
tible or carbonaceous residues remain in the cylin¬ 
der, the exhaust being colorless, depends almost 
entirely on the type and the size of the engine, the 
fuel-valve and the atomizer construction, and the 
correct setting of the valves. 

Fuels of Diesel Engines 

Liquid fuels may be divided into three groups, 
in which the fuels are radically different in struc¬ 
ture, chemical constitution, and properties, and 
accordingly behave differently in the Diesel engine. 
The first group comprises fuels made up of mix¬ 
tures of saturated and unsaturated hydrocarbons, 
relatively high in hydrogen, as petroleums and 
lignite-tar oils. The second group of fuels is com¬ 
posed principally of aromatic hydrocarbons, or ben¬ 
zol derivatives. It comprises coal tar oils, coal tars 
and miscellaneous tars. The third group comprises 
vegetable oils, which are glycerides of fatty acids. 

Fuels of the first group are particularly valuable 
for use in Diesel engines, as they lend themselves 
to the formation of oil gas at temperature of 400® 
to 600° C. The gas is more readily formed and its 
ignition takes place more readily if it has a high 
carbon content, that is, a proportionately large con¬ 
tent of saturated hydrocarbons. 

The liquid fuels of the second group mentioned, 
composed chiefly of aromatic hydrocarbons, are low 
in hydrogen, are i^ited with difficulty, and do not 
bum readily in Diesel engines. The resistance to 
ignition and burning increases with coal-tar oils 
and is greatest with coal tars, which, with certain 
exceptions, are not suitable for Diesel engine fuels. 

Specifications for Petroleum Oils Suitable for Diesel 
Engines 

1. The specific gravity (density) must be 0.86 
to 0.896 at 16° C. 

2. The flash point must not be lower than 
60° C. 

3. Tests to determine the boiling-point range 
must be made with a 100 c. c. sample. At least 
90 c. c. of the oil should be distilled at 360° C., and 
if distillation is continued, until the residue is 
coked, the coke should not weigh in excess of 
0.6 gram. 

4. Acidity. The heavy gas oil must be free of 
mineral acids. For testing, the use of methyl 
orange as applied to kerosene should be used. 

6. Water and mechanical impurities. The oil 
should be entirely clear and should not contain any 
suspended matter visible to the naked eye after 
filtering. 

6. Ash content. On evaporating 60 grams of 
the oil to dryness in a platinum dish, no weighable 
quantities of ash must remain. 

7. The viscosity must not exceed 2.60° Engler, 
measured with the Engler viscosimeter. 

8. Heating value, determined by the bomb 
calorimeter, should be at least 10,000 calories per 
kilogram (18,000 B. T. U. per pound). 

These specifications are practically ideal, espe¬ 
cially in the matter of viscosity, which often varies 
from this figure. Since the fuel consumption of 
Diesel engines is so small, the increase of price 
scarcely is reflected in the cost of the power. 
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Specifications for Tar Oil Suitable for Diesel 
Engines 

1. The tar oil must contain not more than 
0.2% of solid matter insoluble in xylol; the non¬ 
combustible constituents must not exceed 0.06%. 

2. The water content must not exceed 1%. 

3. The residual coke must not exceed 3%. 

4. At least 60% by volume of the oil must be 
distilled at 300° C. 

6. The mean lower heating value must be not 
less than 8,800 calories per kilogram. 

6. The flash point must not be below 66° C. 

7. The oil must be thoroughly fluid at 160° C. 
If the oil is cooled at 80° C. and allowed to stand 
for half an hour, no solids must separate out. 

Engine Factors Affecting Combustion 

Manufacturers of Diesel engines are constantly 
striving to improve and construct the engines with 
a view to burning a greater variety of fuels, and in 
articular to make possible the burning of the 
eavier fuel oils and residues that are produced in 
great abundance in oil refining. 

The following factors influence the thorough¬ 
ness of the combustion: Size and speed of engine; 
atomizer construction and atomization of the fuel; 
degree to which the fuel spray is mixed with the 
air of combustion; and the shape of the combustion 
space. 

In small engines the provision of water-cooled 
surfaces for the cylinder and cylinder head rela¬ 
tively large in proportion to the size of the combus¬ 
tion space is more effective than a similar provision 
in larger engines. Effective cooling is especially 
noticeable at low engine loads. The engine speed 
affects the speed of the fuel injection. In high¬ 
speed engines the fuel is injected during a period 
of one one-hundredth of a second, whereas in large 
low-speed engines the injections may last over a 
period of one-twentieth of a second. There are 
definite limits to the velocity with which a fuel can 
be burned; aside from being influenced by the char¬ 
acter of the fuel, the velocity is chiefly controlled 
by the speed of the chemical reaction. As part of 
the fuel bums with the formation of carbon dioxide 
and water vapor, and possibly carbon monoxide, 
these gases reduce the activity of the oxygen 
toward the remainder of the fuel. With more time 
available for burning a fuel, and with equally thor¬ 
ough atomization, the combustion will be more 
thorough, or, what is more important, the higher 
may be the boiling point of the oil. 

Heavy oils and residues demand higher injec¬ 
tion-air pressure, so that the fuel will be broken 
into extremely small particles. The boiling-point 
temperatures of oils advance with an increase in 
pressure; further, the higher the boiling points of 
the oils the smaller is their vapor volume and the 
greater the volume of air required for their com¬ 
bustion. 

A small combustion space, with highly-com¬ 
pressed air, ^eatly aids the thorough mixing of oil 
vapor and air. These considerations also explain 
why the combustion space of the cylinder should 
not be split up and have pockets, but have smooth 
walls, so that the fuel particles can travel through 
the air more rapidly. For the same reason the 
piston floor should be so shaped and the atomizer 
nozzle so constructed that the fuel spray will be 
spread over the entire cylinder area and, in being 
propelled forward by the force of the injection, oil 
will be diffused through the air of combustion. 

MINING CATALOG 


Digitized by i^ooQie 



DIESEL ENGINE DATA. | 


Lubricating Oils for Diesel Engines 

Two kinds of oils are used for lubricating Diesel 
engines—enpne oil and cylinder oil. 

Engine oil is used for the lubrication of the 
main, the crank-pin, and the piston-pin bearings, 
and of the cam-shaft bearings, and for the oil baths 
into which the cams and the cam-shaft dip. A pure 
mineral oil used for general engine-bearing lubrica¬ 
tion will fill these requirements. 

Cylinder oil is used for the lubrication of the 
working cylinders and the air-compressor cylin¬ 
ders. It should be stable at the relatively high 
temperatures of the piston and the cylinders of a 
Diesel engine, and should maintain the desired 
lubricating properties at these temperatures; it 
should not vaporize readily, nor should it decom¬ 
pose at a temperaure lower than 300® C. High 
grade oils like those used in automobile engine 
lubrication are used. 


Comparative Advantages and Disadvantages of 
Diesel Engines and of Steam Turbines for 
Generating Power 

Advantages of Steam-Turbine Plants 

1. Unlimited size of generating units. 

2. High rotative speed, reducing size of gen¬ 
erating units, and cheapening turbine and alterna¬ 
tor construction. 

3. Low installation cost. 

4. High overloading capacity. 

5. Ability to use . under the boiler all classes 
of fuels (solid, liquid, or gaseous), including the 
cheaper varieties of inferior-grade coals. 


Disadvantages of Steam-Turbine Plants 

1. The fuel economy is greatly dependent on 
the skill of the operating force and the degree of 
thoroughness with which the installation is main¬ 
tained at operating efficiency. 

2. Dangers and drawbacks of boiler operation. 

3. Boiler losses generally, and fuel losses in 
firing up and in banking boilers and in ash and 
clinkers. 

4. Exacting requirements relating to circu¬ 
lating water for condensing the steam, one of the 
deciding factors in the commercial success of a 
steam plant. 

Advantages of Diesel-Engine Plants 

1. Very high thermal efficiency and lower abso¬ 
lute heat rate, independent of the size of unit. 

2. Absence of all boilers, smoke and soot. 

3. Constant readiness for operation. 

4. No fuel losses in firing up and in uncon¬ 
sumed coal in ash as in steam plants. 

5. Small volume of cooling water required. 

6. Use of cheap liquid fuels, such as petroleum 
residues, coal-tar oils, and certain coal tars. 

Disadvantages of Diesel-Engine Plants 

1. Limited size of units (at present 4,000 horse 
power). 

2. Massive foundations necessary. 

3. High consumption of lubricating oil. 

4. High installation cost. 
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ITEM 

Diesel Engine, 
European 

Diesel Engine, 
American 

Explosion Oil Engine, 
European 

Explosion Oil Engine, 
American 


•o 

d 

o 

Fuel per H. P. 
Hour—Lbs. 

Per Cent. 

Barrels per Year 

Fuel Cost per H. P. 
Year (8,760 H. P. 
Hours) 

Load 

Fuel per H. P. 
Hour—Lbs. 

Per Cent. 

Barrels per Year 

Fuel Cost per H. P. 
Year (8,760 H. P. 
Hours) 

Load 

Fuel per H. P. 
Hour—Lbs. 

c 

0) 

U 

u 

« 

Pk 

Barrels per Year 

Fuel Cost per H. P. 
Year (8,760 H. P. 
Hours) 

•d 

d 

1 J 

i 

1 

Fuel per H. P. 
Hour—Lbs. 

Per Cent. 

Barrels per Year 

Fuel Cost per H. P. 
Year (8,760 H. P. 
Hours) 


i/4 

0.42 

100.0 

863 

$11.50 

4/4 

0.48 

100.0 

986 

$13.15 

4/4 

0.60 

100.0 

1232 

$16.43 

4/4 

0.75 

100.0 

1540 

$20.53 

Fuel consumption or cost at 

3/4 

0.44 

104.8 

678 

12.05 

3/4 

0.50 

104.2 

770 

13.68 

3/4 

0.65 

108.3 

1013 

18.11 

3/4 

0.83 

110.7 

1280 

23.76 

different loads . 

2/4 

0.50 

119.0 

685 

13.70 

2/4 

0.58 

120.8 

610 

16.27 

2/4 

0.75 

125.0 


770 

20.53 

2/4 

0.95 

126.7 


975 

26.00 


Oil consumed for lubrication, 
gallons per year. 

360-550 

360-550 

1,100-1,460 

1 

1,100-1,460 

1 

Cost of lubrication. 

$128 to $193 per year. 

$128 to $193 per year. 

! $380 to $510 per year. 

$380 to $510 per year. 

Cost of installation, including 
building . 

or $1.70 to $2.60 per 
horse power year 

$90 per horse power 

or $1.70 to $2.60 per 
horse power year 

$90 per horse power 

or $5.10 to $6.80 per 

1 horse power year 

I $60 per horse power 

or $5.10 to $6.80 per 
horse power year 

$60 per horse power 


Cost of fuel oil taken as at $1.00 a barrel of a20 pounds: cost of lubricatiner oil taken as at 36c a gallon. 

Compiled from Bull. 156, U. S. Bureau of Mines. 
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DIESEL ENGINE DATA. 


COMPARISON OF DIESEL AND SEMI¬ 
DIESEL TYPE OIL ENGINES 


The chief difference between the Diesel and the 
Semi-Diesel oil engines lies in the method of inject¬ 
ing the fuel oil into the cylinders, and the pressure 
in the cylinders at the end of the compression 
stroke. 

In the Diesel engine, a plunger pump under the 
control of the governor, delivers oil into passages 
leading into the cylinder. This passage is also con¬ 
nected to a receiver in which an air pressure of 
about 1,000 pounds is maintained. 

A cam on the main shaft of a two cycle, and on 
the auxiliary shaft of a four cycle engine, opens a 
needle valve about three degrees before the piston 
has reached the end of the compression stroke and 
allows the high pressure air to blow into the cylin¬ 
der, carrying with it the oil in the form of a spray. 
This needle valve remains open about 10% of the 
power stroke of the piston. The pressure in the 
cylinder at the time the needle valve opens and oil 
injection begins is about 500 pounds. 

The high temperature of the air in the combus¬ 
tion space, due to this compression, is sufficient to 
ignite the oil when it is blown into a cold cylinder. 
The heating of any tubes or plugs for starting is, 
because of this, unnecessary. The oil, which is in 
the form of a very fine spray, begins to bum imme¬ 
diately on entering the cylinder, and continues to 
bum as long as it is blown in, which is as long as 
the needle valve is open or about 10% of the stroke 
of the piston. 

The admission of the oil into the cylinder is 
never supposed to be rapid enough to increase the 
pressure above that of compression. In the original 
Diesel engines, Mr. Diesel specified an engine in 
which the temperature of combustion never ex¬ 
ceeded the temperature of compression. 

The pressure distribution in the Diesel engine 
differs from that in the Semi-Diesel in that in the 
Diesel the pressure never rises above that of com¬ 
pression, but on account of the burning of the fuel 
as the piston advances from the head end on the 
power stroke, the tendency is to maintain this pres¬ 
sure up to the point where the admission of the 
oil is cut off; while in the Semi-Diesel the burning 
of the fuel is so rapid that the pressure is some¬ 
what increased above that of compression while 
the piston is still on the head end center, and com¬ 
bustion is nearly complete by the time the piston 
starts to advance. 

The high pressure air required for blowing the 
oil into the cylinder is compressed by a two or 
three stage air compressor which is usually a 
built-in part of the engine, the air being stored in 
small air receivers or bottles. 


The large oil engines are nearly always of the 
Diesel type. They are mostly four cycle, but some 
builders are now furnishing them of the two cycle 
type for marine purposes on account of their being 
of less weight and more easily reversed. 

In the Semi-Diesel engine the oil is not blown 
into the cylinder with air under high pressure, but 
is forced in through a nozzle by a plunger pump 
which is controlled by the governor. The operation 
of the pump is so timed that the admission of oil 
to the cylinder begins several degrees before the 
crank reaches the head end center and ceases when 
it is not more than five degrees past the center. 

The oil enters the cylinder through a very small 
hole in the nozzle. The nozzle is sometimes con¬ 
structed in such a way as to cause the oil to be 
sprayed on entering the cylinder, but frequently 
the spraying is all caused by the high velocity of 
the oil when it strikes the walls of the combustion 
space. The compression in Semi-Diesel engines 
varies, some builders using as low as 150 pounds, 
but the tendency at present is to increase the com¬ 
pression in this type of engine as high as 250 
pounds. 

In those using the lower compression, the heat 
of compression alone is not sufficient to ignite the 
fuel when it is injected into the cylinder. In these 
engines metal in some form, such as hot balls, hot 
plates, or combustion chambers, which are not 
cooled by the water jacket and which are kept hot 
by the heat of combustion, must be used. 

To prevent these hot balls, plates, etc., from 
becoming overheated, when the engine is heavily 
loaded, and causing so-called fuel pounding, a little 
water is admitted to the combustion chamber. Such 
engines are often called water injection or wet 
engines. 

In engines using the higher compression, the 
heat of compression alone is sufficient to ignite the 
oil after the engine is warmed up, and in such no 
hot balls or plates or water injection need be used. 

In either of these engines, however, some form 
of tube or bulb, either connected to or placed in the 
combustion chamber, and heated by a torch, or 
electric current, must be used in starting, as the 
heat of compression alone is not sufficient to start 
a cold engine. 

The smaller oil engine units are mostly of the 
Semi-Diesel type. They are built both two and 
four cycle, but the greater number, particularly in 
the small units, are two cycle. 

—Courtesy of O. C. Estergreen, Chicago Pneumatic Tool Co. 
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PH»ING DATA, 


U. S. Standard Schedule of Flanged Fittings and Flanges 



lU 3% 

4 

2 4 % 

2% 5 

3 5% 

3^ 6 

4 61^ 

4% 7 

5 7% 


10 11 
12 12 

14 14 

15 14^ 

16 15 
18 16% 


24 I 22 
26 23 

28 24 

30 25 

32 26 

34 27 

36 28 

38 29 

40 30 

42 31 

44 32 

46 33 

48 34 

50 35 

52 37 

54 39 

56 41 

58 42 

60 44 

62 45 

64 47 

66 48 

68 50 

70 61 

72 53 


STANDARD WEIGHT 125 I.BS. WOBKINQ PBESSUBE 

fehort Body Kt d 

I I I Tees & Crosses &'hort Body Ked Laterals 

K I K 1 G- 

1 I 1 1 I I II 


II 

a ® k* o c » 


13 15% 9" 26 25 1 27% | 

14 17 10" 28 27 1 29% 

14 18 10" 29 28% % 31% 

15 19 12" 32 31% % 34% 

16 20 12" 35 35 0 38 

16 21 14" 37 37 0 40 

18 23 15" 39 39 0 42 



EXTRA XEATT 350 EB8. WOBXXHO PBESSUBE 


3% 13 
3% 14 


11 8 % I 

11 % 9 

13 10% 

14 11 

15% 12% 


18% 15 

21% 17% 

23% 19 
25% 20% 


8% I 37% I 


26% I 10 45% 37% 


41% 15 
44 16 

46% 17 

49 18 

51% 19 

54 20 

56% 21 
59 22 

61% 23 
64 24 


57% (47% 1 




12" 14 
14" 15 
15" 16 
16" 17 
18" 19 
18" 19 
20 " 20 
20 " 20 


Dinehsioni gnren or smaller. 


14 17 9" 

15% 18% 10" 

16% 20 10" 
17 21% 12" 

19 23 

19 24 

20% 25% 

20% 26% 

22 28 
23% 29% 

23 Vo 30% 

25 ‘ 31% ( 

26% 33% I 

26% I 3 4 Vo I 
27% I 3514 
29 I 37 V, 1 


EXPLANATORY NOTES 


12% li’«, 


25% 2% 

28 2% 


8 % 
8 % 
12 % 
12 % 
12 % 


16 1 
16 1% 
20 1 % 
20 1 % 
20 1 % 
24 1% 
28 iy4 
28 1% 

I I 28 1 % 
32 1% 
32 1% 
32 1% 
36 1% 

I 36 1% 
40 1% 
40 1% 
44 1% 
44 1% 
44 112^ 
44 11^4 
48 1 % 

! 48 1^4 
152 1*4 
I 52 1% 
52 I 1% 
(52 11 % 
, 56 I 1% 

! I 56 I 1 % 
■'6011% 


3% 4 

3^4 4 

4% 4 

5 4 

5% 4 

6% 8 

7% 8 

7% 8 I 

8 % 8 1 
9% I 8 I 

10% I 12 I 
11 % 121 

13 12 I 

14 1211 

15% 1611 

17% 11611% 
20% I 20 1 " 
21 % I 20 1 


34 

31 

3 

32% 

28 

37 

34 

3 

36 

30% 

40 ' 

37 1 

1 3 

1 39 

33 

44 1 

41 

1 3 1 

1 43 

36 


40% I 2l8 
43 I 3 
45% I 3% 
47% I 3% 


22% I 20 1% 
24% I 24 1% 
27 124 1 % 
29% I 24 1% 
32 124 1 % 
34% 28 1% 

37 2811 % 

39% 28 11% 

41% 28 11% 

43% 28(1TS 

46 32 I 1% 


54% 31’, 
57 tsU 


: 28 11% 2% 
! 28(1TS 2% 

32 11% 2% 

32 I 1% I 2 A 


50% I 36 I 1% 
52% I 36 I 1% 
55 13612 

57% 14012 
60% 140(2 








1. Standard and Extra Heavy Reducing Elbows carry same dimensions center to face as 
T^lar Elbows of largest straight size. 

2. Standard and Extra Heavy Tees, Crosses and Laterals, reducing on run only, carry 
sane dlmenslotu face to face os largest straight size. 

3. If Flanged Fittings for lower working pressun* than 125 lb.s. are mad*\ they shall 
CB D T WP in ail dimensions except thickuena of hbell, to this slaiidard utid Mihail have the 
gearantced working pressure cast on each fitting. Flanges for these fittings must be standard 
dinensloos. 

4 Where long turn fittings are specified, it has reference only to Elbows which are made 
fa two center to face dimensions and to be known as Elbows and Long Turn Elbows, the 
latter being used only when so specified. 

5. All standard weight fittings must be guaranteed for 125 lbs. working pressure and 
extra heavy fittings for 250 lbs. working pres.sure, and each fitting must have some mark 
east on it Indl'^atlns th" maker and guaranteed working steam pressure. 

6. All ‘Xtra h'nvy fittings and flanges to have a raised surface high inside of bolt 
tttks for ga.skrts Thickness of flanges and center to face dimensions of fittings include this 


rals*'d surface. Standard weight flltlngs and flanges to be plain faced. Bolt holes to be H'' 
larger in diameter than holts. Bolt holes to straddle renter lines. 

7. Size of all fittings .scheduled indicates inside diameter of ports. 

8. Square hea»l ijoits wltj hexagonal nut.s are nrommended. 

9. Douhle Branch Elbows. Side Outlet Elbows and Side Outlet Tees, whether straight or 
reducing sizes, carry same dimensions center to face and face to face as regular tees and 
elbows. 

10. Bull Head Tees or I^es Increasing on outlet, will have same center to faee and 

face to face dimensions as a straight fitting of the size of the outlet. 

11. Tees, Crosses and I,Aterals 16 Inches and smaller, reducing on the outlet, use the 

same dimensions as straight sizes of the larger port. Sizes 18 inches and larger, reducing 
on the outlet, are made in two lengths depending on the size of the outlet a.s given In the 
table of dimensions. 

12. For fittings reducing on the run only a long body pattern will always be used. 

Y's are special and made to suit conditions. Double Branch Elbows are not made reducing 
on the run. 

13. Steel Flanges, Fittings and Valves are recommended for Superheated Steam. 
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POWER PLANT DATA. 


Power Plant Data—Engines, Power Equivalents 


AvamAoa wtmam wsawBumm thbouomovt 
urmomm at amt tojmt ot ou«-on 


®Jr 

Mean effective 
Inch ^ 

pressure in pounds per square 
'or the whole stroke 

Portion 

of stroke at which steam is cut-off 

% 

% 

H 

% 


H 

5 

4.8 

4.6 

4.2 

3.7 

2.9 

1.9 

10 • 

9.6 

9.1 

8.4 

7.4 

5.9 

3.8 

15 

14.4 

13.7 

12.7 

11.1 

8.9 

5.7 

20 

19.2 

16.3 

16.9 

14.8 

11.9 

7.6 

25 

24.1 

22.9 

21.1 

18.5 

14.9 

9.5 

30 

28.9 

27.5 

25.4 

22.2 

17.9 

11.5 

35 

38.8 

32.1 

29.6 

25.9 

20.8 

13.4 

40 

38.5 

36.7 

38.8 

29.6 

28.8 

15.4 

45 

43.4 

41.3 

38.1 

38.3 

26.8 

17.3 

50 

48.2 

45.9 

42.8 

37. 

29.8 

19.2 

60 

57.8 

55.1 

50.7 

44.5 

85.7 

28.1 

70 

67.4 

64.3 

59.2 

52.4 

41.7 

26.9 

80 

77.1 

78.6 

67.7 

59.3 

47.7 

80.8 

90 

86.7 

82.6 

76.1 

66.7 

53.6 

34.6 

100 

96.8 

91.8 

84.6 

74.1 

59.6 

38.4 

110 

106. 

101. 

93.1 

81.5 

66.6 

42.5 

120 

115.2 

110.2 

101.5 

89.4 

71.5 

46.1 


UTBAM VBXD XXPAVSnrB&Y 

The train In fuel, derived by cutting off at various 
points, also the relation between the Initial pressure of 
steam when cuttintr off and followlntr full stroke, is as 
follaws: 


PL Of 

Cutting Off 

Per cent, of 
Gain in 
Fuel 

Initial Pressure Required 

Following 
Pull Stroke 

Cutting Off 

3 

k stroke 

12 

1 

1.01 

£ 

1 

22 

1 

1.08 

■ 

1 

82 

1 

1.09 

£ 

1 

41 

1 

1.18 

a 

\ ** 

50 

1 

1.32 

£ 

1 

58 

1 

1.67 


1 

68 

1 

2.6 


When the pressure followingr full stroke or at cutting 
off is ^ven the other can be found by the above ratio. 

« « « « 


lonxoAXi An 


1 

H. P. 


1 

Kilo¬ 

watt 


!OXAnOA&, 

746 watts. 

0.746 K. W. 

36,000 ft.-lbs. per minute. 

650 ft.-lbs. per second. 

2,645 heat - units per 
hour. 

42.4 heat - units per 
minute. 

0.707 heat-units per 
second. 

0.175 lb. carbon oxi¬ 
dised per hour. 

2.64 lbs. water evap¬ 
orated per hour 
from and at 
212* F. 

1,000 watts. 

1.34 horse-power. 

2,654,200 ft. lbs. per 
hour. 

44,240 ft.-lbs. per min¬ 
ute. 

737.3 ft. - lbs. per 
second. 

3,412 heat - units per 
hour. 

56.9 heat-units per 
minute. 

0.948 heat - units 
per second. 

0.2275 lb. carbon 
oxidised per 
hour. 

3.53 lbs. water 
evaporated per 
hour from and 
at 212* P. 


1 

H. P. 
Hour 


1 

K. W. 
Hour 


.T mQVTWALMmrm 

0.746 K.W. hours. 

1,980,000 ft-lbs. 

2 645 heat-units. 

278,740 k. g. m. 

0.175 lb. carbon 
oxidised with 
perfect effi¬ 
ciency. 

2.64 lbs. water 
evaporated 
from and at 
212* P. 

17.0 lbs. water 
raised from it* 
F. to 212* P. 


1,000 watt hours. 

1.34 horse-power 
hours. 

2,664,200 ft-.lbs. 

3,600,000 Joules. 

3,412 heat-units. 

867,000 kilogram 
meters. 

0.235 lb. carbon 
oxidised with 
perfect efficiency. 

8.53 lbs. water 
evaporated from 
and at 212* P. 

22.75 lbs. water 
raised from 62* 
to 212* P. 


1 

Watt 


1 joule per second. 

0.00134 H. P. 

3.412 heat - units per 
hour. 

0.7373 ft.-lb. per sec¬ 
ond. 

0.0035 lb. water evap¬ 
orated per hour. 

44.24 ft.-lbs. per minute. 


1 

Pt.-lb. 


1,356 Joules. 

0.1383 iLg.m, 
0.000000377 K. W. 
hours. 

0.001286 heat-unlta 
0.0000005 H. P. hour. 


BAVOaS ZV STBAM OOVffUMFTZOV BT PBZMB MOTBBff 

(For Estimating Purposes) 

Simple Non-Condensing Engines. 29- 45 lbs. per hour 

Simple Non-Condensing Automatic Engines. 26- 40 lbs. per hour 
Simple Non-Condensing Corliss Engines.... 26- 35 lbs. per hour 

(Compound Non-Condensing Engines. 19- 28 lbs. per hour 

Compound Condensing Engines. 12- 22 lbs. per hour 

Simple Duplex Steam Pumps. 120-200 lbs. per hour 

Turbines, Non-Condensing . 28- 60 lbs. per.K. W. hour 

Turbines, Condensing . 12- 42 lbs. per K. W. hour 


The indicated horse power of an engine is the 
power developed by the steam on the piston without 
any deduction for friction. 

The effective horse power of an engine is the 
actual and available horse power delivered to the 
belt or gearing, and is always less than the indi¬ 
cated. 

BOBSB VOWBB OT BOUBU ACT* 

ZBO, snrau otuvobb 

STBAK BBOINBS 

PxLxAxNxP 

HP =- 

33000 

P = Gauge pressure at engine. 

L = Length of stroke in feet. 

A = Area of piston In square Inches. 

N = Number of strokes per minute. 

F = Factor of cut-off. (See table 
Average Steam Pressure 
Throughout the Stroke at Any 
Point of Cut-off.) To determine 
F divide the steam pressure 
the M. E. P. for given cut-off. 

« « « « 

An indicated horse power requires, in the best 
condensing engines, about 1% gallons of water 
evaporated per hour. 

An indicated horse power, in large non-con¬ 
densing engines, requires about 2^^ gallons of water 
evaporated per hour. 

An indicated horse power, in small non-con¬ 
densing engines, requires from 3 to 10 gallons of 
water evaporated per hour. 


Mr. George M. Brill found in experiments con¬ 
ducted under actual steam plant conditions that by 
using an 8-inch bare steam pipe 60 feet long with 
an average pressure of 110.5 pounds by gauge, and 
with air 75.5® F., that 736.546 B. T. U. per square 
foot of surface per hour were lost. These results 
accord so closely with the experiments conduci^ 
by Prof. R. C. Carpenter of Cornell University, and 
Prof. M. E. Cooley of the University of Michigan, 
that it seems fair to use them as a premise in cal¬ 
culating in practical work. 

* « * * 

FOR EVERY DAY USE IN ENGINE ROOM 

To find diameter of cylinder for a given power: 

Multiply horse power of engine by 33,000; 
divide product by the product of length of cylinder 
X steam pressure X piston speed in feet per min. 

Rule for finding contents in cubic feet of a cylin¬ 
der of any given diameter: 

Multiply the square of diameter in inches by 
.7854 and this product by length of stroke in inches. 
Divide last product by 1728, and the result is con¬ 
tents of cylinder in cubic feet. 

The diameter of the valve rod should be 1/10 to 
1/12 of the cylinder diameter; or from 1/350 to 
1/300 of unbalanced area of slide valve. This last 
is considering the valve as a piston. Steel rods, of 
course, will bear being made smaller. 
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__ PIPING DATA. 1^1 

SIZES OF STEAM PIPES FOR ENGINES 


A common rule is that steam pipes supplying 
stationary engines should be of such size that the 
mean velocity of steam in them does not exceed 
6,000 feet per minute, in order that the loss due 
to friction may not be excessive. In proportioning 
exhaust pipes the velocity should not exceed 4,000 
feet per minute for stationary engines nor 6,000 
feet for marine engines. 

Having assumed a velocity of flow in the pipe 
supplying steam to the engine, the size of pipe re- 
quqir^ is such that its area is given by the formula. 

Cylinder Area X Piston Speed 
Pipe Area =- 

Mean Velocity of Steam in Pipe 

Or since the areas are proportional to the squares 
of their diameters. 

Pipe Diameter = 


/(Cylinder Diameters)® X Piston Speed 

/ - 

V Mean Velocity of Steam in Pipe 

This assumes that steam is admitted during full 
stroke. 


nopasTiBS OP STAvnAas bozlbr tvbbs abb ixvbs* 

W^iffhts and Plmanatona Ara Sormal 


Diameters 

Thickness 

1 ■ 

Wgt. 
per Ft. 

Length of 
Tube per 

Sq. Ft. 

1 Sq. Ft. of 
Surface per 
Lineal Ft. 

Ex¬ 

ternal 

In¬ 

ternal 

1- 

Ins. 

1 

1 BWG 

1 

Ex- 

ternal 

1 Sur- 
I face 

1 In¬ 
ternal 
Sur- 
1 face 

Ex- 1 In- 
Iternallternal 

1 Sur- 1 Sur- 
1 face 1facp 

1 % 1 

1.560 1 

.095 1 

13 

1 1.679 1 

1 

2.182 1 

1 2.448 1 

f .458 1 

1 

.408 

2 ! 

1.810 1 

.095 

13 

1 1.932 ! 

1.909 

1 2.110 

1 .523 

.473 

2 ^, 

2.060 

.095 

13 

1 2.186 

1.697 

1 1.854 

1 .589 

.539 

2% 

2.280 

.109 

12 

2.783 

TTB27 

1.673 

1 .654 

.597 

2% 

2.632 

.109 

12 

3.074 

1.388 

1.508 

1 .719 

.662 

3 

2.782 

.109 

12 

3.365 

1.273 

1.373 

.785 

.728 

3% 

3.010 

.120 

11 

4.011 

1.175 

1.269 1 

.850 

.788 


3.260 

.120 

11 

4.331 

1.091 

1.171 

.916 

.853 

3% 

3.610 

.120 i 

11 

4.652 1 

1.018 

1.088 

.981 

.918 

4 

3.732 

.134 

10 

5.532 

1 .954 

1.023 

1.047 

.977 


4.232 

.134 

10 

6.248 1 

f .848 

.902 

1.178 

1.107 

5 

1 

4.704 

.148 

9 

7.669 

.763 

.812 1 

1.308 

1.231 

6 

1 

5.670 1 

.165 

8 ' 

10.282 

.636 

.673 

1.570 

1.484 

7 

6.670 1 

.165 

8 

12.044 

.545 

.572 

1.832 

1.746 

8 

7.670 1 

.165 1 

8 1 

13.807 

.477 1 

.498 

2.094 

2.008 

9 

1 8.640 

1 .180 1 

7 

16.955 

! .429 

.442 

2.356 

2.261 

10 

9.594 1 

.203 i 

6 

21.240 

1 .381 

.398 

1 2.617 

2.511 

11 

1 10.560 1 

.220 1 

5 

1 25.329 

.347 

.361 

2.879 

2.764 

12 

1 11.542 

.229 1 


' 28.788 

.318 

.330 

3.141 

3.021 

13 

12.524 

.238 1 

4 

32.439 

.293 

.304 

3.403 

3.278 

14 

13.504 

.248 


36.424 

.272 

.282 1 

3.665 

3.535 

15 

1 14.482 

.259 

3 

1 40.775 

.254 

1 .263 

3.926 

3.791 

16 

1 15.460 

.270 

1 

45.359 

.238 

1 

.247 

4.188 

4.047 


•Prom the National Tube Company’s Book of Standards. 


LOSS OF HEAT FROM STEAM PIPES 
Loss of Heat from Bare Steam Pipes 

A bare pipe carrying steam and made of steel, 
iron or other conducting material, loses heat by 
convection to the surrounding air and by radiation 
to the surrounding objects, both of which cause a 
loss of steam by condensation. 


UININO CATAL.OO 


For bare steam pipes this loss may be taken as 
2.7 B.T.U. per hour per square foot of surface per 
degree Fahrenheit difference between the tempera¬ 
tures of the steam and the outside air. Thus, if 
the pressure of the steam is 120 pounds absolute, 
the corresponding temperature being 341°, and the 
temperature of the air 60°, then the loss per hour 
per foot length from a 4-inch steam pipe, the ex¬ 
ternal surface of which is 1.178 square feet per 
foot of length, will be 1.178 X (341 — 60) X 2.7 = 
894 B.T.U. 

Condensation in Bare Steam Pipes 

The corresponding condensation can be found by 
dividing this heat quantity by the latent heat of 
steam at the given pressure. In the example given 
above, the latent heat of steam at 120 pounds pres¬ 
sure, absolute, is 877.2 B.T.U. Therefore the con¬ 
densation per hour per foot length of pipe is 894 -i- 
877.2 = 1.02 pounds. 

Steam Pipe Coverings 

This loss is lessened in practice by covering the 
steam pipe with a material that will offer a greater 
resistance to the flow of heat than that offered by 
the material of the pipe. A good material for .this 
purpose should not suffer serious deterioration from 
the heat or vibration to which it would be subjected 
in practice; and in all cases where damage from 
fire might result, it should never consist of com¬ 
bustible matter. Any covering should be kept per¬ 
fectly dry, as still water is an excellent carrier of 
heat. 

The best insulating substance known is air con¬ 
fined in minute cells, and the best nonconducting 
coverings owe their efficiency to the numerous air 
cells in their structure. In general the value of a 
covering is inversely proportional to its weight, and 
other things being equal, the incombustible mineral 
substances are to be preferred to combustible mate¬ 
rial. No coverings should be less than one inch 
in thickness. 

Hair or wool felt and most of the belter non¬ 
conducting materials have the disadvantage of be¬ 
coming charred at high temperature and partly los¬ 
ing their insulating power. There is also the danger 
of taking fire. Mineral wool, a fibrous material 
made from blast furnace slag, is the best non¬ 
combustible covering, but being brittle it is liable 
to fall to a powder when subjected to jarring. 

Pipe covering may be sectional, or plastic. The 
former is built up in sections and attached to the 
pipe by bands, which allow easy removal of the 
covering. The latter is put on in a soft, plastic 
condition, and is hardened in place; it obviates 
joints and adheres closely to the pipe. 

The table shown on following page, taken from 
the various sources noted, gives the results of ex¬ 
periments on steam pipe coverings. In almost all 
cases the figures given are the averages of a num¬ 
ber of tests. 
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POWER PLANT DATA. 

A brief description of some of these coverings, 
is given,below: 

No. 4. A layer of asbestos paper 1/32-inch 
thick next to the pipe, then the hair felt, then a 
layer of paper, and outside of all a canvas covering. 

' No,'5. The hair felt was bound tightly around 
tB^ pipe, with no canvas covering; it had a layer 
of asbestos paper under it. 

No, 6 , A covering composed of two layers 
wound in reverse direction with ropes of carbon¬ 
ized silk; the inner layer 2 i/^ inches wide and V^- 
inch thick; the outer layer 2 inches wide and %-inch 
thick, over which was wound a network of wire; 
14 -inch asbestos next to pipe. 

No. 7. A ^ade known as high-pressure re- 
manit; encased in canvas. 

No. 8 . A grade known as intermediate-pressure 
remanit; encased in canvas. 

Nos, 9 and 10. Solid sectional covering of gran¬ 
ulated cork with V^-inch asbestos paper next to pipe. 

No. 11. Eighty-five per cent carbonate of mag¬ 
nesia. Average of a number of tests of mould^ 
sectionals, thickness of covering ranging from 2.20 
to 2.71 inches. 

No. 12. Carbonate of magnesia with some as¬ 
bestos fiber; outside finished with canvas. 

No. 14. Average of tests, thickness of covering 
ranging from 1.12 to 1.19 inches. 

No. 15. Moulded setcional covering composed 
of about 90 per cent carbonate of magnesia. 

No. 17. Similar, except in thickness, to No. 12. 

Nos. 18, 19, 20 and 21. Laminated sectional, 
composed of a number of layers of asbestos paper in 
which were imbedded small pieces of sponge. 

No. 23. A sectional covering composed of an 
inner layer of earthy material covered by a layer 
of wool felt. 

No. 25, Laminated sectional with V^-inch as¬ 
bestos paper next to pipe. 

No. 26. Made of thin sheets of corrugated as¬ 
bestos paper, stuck together with silicate of soda. 

Nos. 27 and 28. Similar to No. 26. 

Nos. 32 and 33. Mixed with water and plas¬ 
tered on the pipe. 


SAFE WORKING PRESSL^RES 

Numerous factory tests to determine the actual 
bursting pressure of wrought pipe have proved 
Barlow’s formula to be correct. This formula 
follows: 

2T X TS 

BP =-— 

OD 

In which BP equals bursting pressure In pounds per square inch. 
In which T equals thickness of the wall In inches. 

In which OD equals outside diameter of the pipe in inches, 
in which TS equals tensile strength of material per square inch. 

The value of TS was determined from actual 
tests to be 40,000 pounds per square inch for butt 
welded steel pipe and 50,000 pounds for lap welded 
steel pipe. 
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RULE TO ASCERTAIN THE CAPACITY OF 
CISTERNS AND TANKS 


Cylindrical Shape 

First multiply the square of the diameter in 
feet by the depth of tank in feet. 

For capacity in hogsheads, multiply the above 
product by 373 and divide by 4000. 

For capacity in barrels, multiply by 373 and 
divide by 2000 . 

For capacity in gallons, multiply by 47 and 
divide by 8 . 

Tapering Shape 

For tanks that are tapering measure the diam¬ 
eter four-tenths of the distance from the large end, 
and proceed as with cylindrical shape. 


Square or Oblong Shape 

First multiply the inside length by the width 
and by the depth (all in feet). 

For capacity in hogsheads, multiply this product 
by 19 and divide by 160. 

Cor capacity in barrels, multiply by 19 and 
divide by 80. 

For capacity in gallons, multiply by 7.48. 
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COMPRESSOR DATA, -j 


How Large a Compressor Shall I Buy? 


In selecting an air compressor for a new mine, 
quarry or contract, the first consideration is natural¬ 
ly to determine what machines or tools and how 
many are to be operated by the air power. 

Practically all handbooks on compressed air, and 
many manufacturers’ catalogs, have for many years 
contained tables purporting to show the air con¬ 
sumption of a number of different drills of various 
sizes. It is obvious that a table cannot be prepared 
that will be correct for all conditions, as for in¬ 
stance: if eight drills were working in two headings 
of a tunnel it is probable that all of them would be 
working at the same time and would, therefore, re¬ 
quire eight times the amount of air that a single 
drill would. If, on the other hand, eight drills were 
scattered around over an excavation to be used for 
putting in “pop” holes, it is extremely unlikely that 
over five or six would ever be working at the same 
time, so a compressor supplying five or six times 
enough air for one drill would be ample to take care 
of the entire eight. 

A little reflection will show that the only factors 
that need to be seriously considered in estimating 
the requirements to take care of a number of drills, 
are the air consumption of each drill and the great¬ 
est number of drills that will be operated at one 
time. If the air receivers are of exceptionally large 
capacity, they may be counted on to assist material¬ 
ly in carrying the peak load, but under the majority 
of conditions, the receiver capacity may be disre¬ 
garded, as receivers are usually only large enough 
to equalize the fluctuations in pressure due to the 
pulsation of the compressor, and serve merely as 
equalizers and not as storage reservoirs. 

In comparatively large installations, by which 
is meant those of twenty or more drills, the com¬ 
pressor capacity may be estimated from the prob¬ 
able average reciprocating time of the drill. For 
instance, if fifty drills are to be installed and it is 
expected that each one will be actually running 
76 per cent of the time, the air required will be 76 
per cent of the amount of air one drill takes, multi¬ 
plied by 60. This method of estimating should only 
be used for comparatively large installations. For 
instance, if two drills are to be installed, which 
will probably run 76 per cent of the time, it is, of 
course, necessary to furnish compressor capacity 
enough for the two instead of one and one-half; 
since both would be working at the same time. This 
method of estimating should never be used unless 
the probable lost time of the drills is equal to at 
least one driU. That is, 76 per cent of 2 equals 
76 per cent of 3 equals 2%. 76 per cent of 4 equals 
3. Therefore we could expect only three drills out 
of four to be working on the last mentioned installa¬ 
tion and could, therefore, plan on compressor 
capacity enough-for three drills. We cannot, how¬ 
ever, assume 2y^ out of 3, as it is evident that either 
two or three drills will be working and so it would 
be necessary to have enough air to run the entire 
three. 

Other Air Uses 

In addition to the actual requirements of the 
drills or other main installation of machinery, a 
liberal allowance should be made for use in other 
machines such as pumps, motors and forges; and 
also for leakage. It is folly to attempt to discourage 
the legitimate use of compressed air, for this is a 


very economical and efficient method of transmit¬ 
ting power and accomplishing certain results,, but 
great emphasis should be placed on the unnecessary 
waste of it, especially by leakage. 

Losses From Leakage 

Very few people fully realize the losses due to 
leakage of compressed air. A hole 1/16-inch in 
diameter will cause a loss of about six cubic feet 
of free air per minute at 100 pounds pressure. A 
l^-inch hole will allow a loss of over 26 cubic feet 
per minute, or enough to run a small tool. A 14 - 
inch hole will allow over 100 cubic feet per minute 
to escape, or enough to run a modem rotating hand 
hammer drill or a stoper. It is seldom that the 
leakage from a i/4-inch hole would go unnoticed, but 
a multitude of smaller leaks are frequently allowed, 
which reduce the total efficiency of the installation 
to an almost unbelievable extent. 

It is only necessary to run the compressor 
through the noon hour, or at some other time when 
no machines are working, to see just how many 
revolutions the compressor has to make to take care 
of leakage alone, since at that time no effective 
work is being done. If it requires 60 revolutions of 
the compressor per minute to keep up the pressure 
with no machines running, it is evident that if the 
compressor is normally running at 200 revolutions 
per minute, only 160 of the revolutions are furnish¬ 
ing air for efficient use, and the other 60 are 
merely taking care of the leakage. Unfortunately, 
this test is very likely to leave one with a rather 
unsatisfactory opinion of the plant; but it serves 
the useful purpose of impressing one with the 
necessity of making a liberal allowance for leakage 
in future installations, and still more important, 
makes it easy to keep leakage at the minimum, by 
checking up on this loss from time to time, as ma¬ 
chines are added and pipe lines extended. 

The same considerations, of course, apply to 
cutting shed, foundry, or shop air power plants. 

—By Lee A. Knigrhts, Mine & Quarry* 


COMPRESSOR DATA REQUIRED FOR FULL 
AND CORRECT REPLY 

MBTSOD OF DSZVS 
If Steam 

1. Maximum and minimum pressure at compressor throt¬ 
tle, or 

2. Boiler pressure, distance from boiler to compre.Rsor. 
and size of steam pipe? 

3. To operate condensing or non-condensing? 

4. Is company to furnish condenser? 

5. Have yoi’ any preference as to type of engine or steam 
valve to be usec»V Advise In detail. 

6. Special features or remarks? 

If Blactrlo ^ 

7. Voltage at motor? 

8. Direct current or alternating? 

9. If alternating, phases and cycles? 

10. Gear, chain or belt drive? 

11. Slow, moderate or high-speed motor? 

12. Have you any preference as to type or make of motor? 

13. Special features or remarks? 

▼OBUMB OF AIS BBQUIBBD 

14. Maximum air, cubic feet per minute? 

Free or compressed air? State which. 

16. Maximum gauge pressure at machine, er 

16. Maximum gauge pressure at work? 

17. Distance from compressor to work? 

18. Character of work to be done? 

19. Altitude above sea level where compressor will be 
located? 

20. Special features or remarks? 

OBNBHAB OONDinONS 

21. Floor space and head room. If limited? 

22. Is manufacturer to install? 

23. Character of work for which required, such as gas 
compression, air lift pumping, handling oil or acids, etc.? 

24. Approximate hours per day compressor will operate? 

25. Comment and remarks? 
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1 4-4. COMPRESSED AIR DATA. 


AIR RECEIVER CALCULATIONS 


The first type of problem considered here is the 
determination of the amount of free air available 
in a receiver while the air pressure is dropping 
from one given pressure to another. For example: 
An air receiver has a capacity of 500 cu. ft. The 
pressure in the receiver is 100 lb. per sq. in. gage. 
How long is it possible to operate a drill from the 
receiver alone if the drill requires 100 cu. ft. of 
free air per minute and the lower limit of oper¬ 
ating pressure is 70 lb. per sq. in. gage? 

The formula connectng pressure, volume, tem¬ 
perature, and weight of air is 
PV = wRT 

where 

P = pressure in lb. per sq. ft. absolute; 

V = volume in cu. ft.; 

w = weight of air in lb.; 

R = constant = 63.4; 

T = absolute temperature (Fahrenheit + 460). 

At the start of the operation of the drill let the 
weight of the air in the receiver be w„ V the vol¬ 
ume of the receiver, and T the absolute tempera¬ 
ture which remains constant. Pet P, be the pres¬ 
sure in lb. per sq. ft. 

Then at the start, 

P,V = w,RT (1) 

Let Wj be the weight of air in the receiver when 
the drill stops and the pressure has dropped to 70 
lb. gage. Let Pj be the pressure in lb. per sq. ft. 

Then at the finish, 

P,V = w,RT (2) 

From (1) w, = P,V/RT 

From (2) Wj = P^V/RT 

The weight drawn from the receiver is w, 
— w,. 

How many cubic feet of air at atmosphere pres¬ 
sure has been drawn out? 

Let P 3 = the atmospheric pressure in lb. per 
sq. ft. 

Let Vat = the volume at atmospheric pressure. 

Then: 

p V_PjV 

P, Yat = (w, — Ws,)RT = — - — X RT 

RT 

or V«/ = V(P, —P^)/?, (3) 

The pressures are in lb. per sq. ft., but as the 
unit of conversion to sq. in., 144, appears in both 
the numerator and denominator of the right-hand 
member, it might be cancelled, leaving the symbols 
representing lb. per sq. in. In the numerator, as 
we have the difference of two pressures, either gage 
or absolute pressure may be used. P, is, then 
always the absolute pressure of the atmosphere 
in lb. per sq. in. We shall assume it to be 15. To 
solve the numerical problem: V = 600, P, = 100, 
P, = 70, P 3 = 16. 

Yat ^ 600 (100 —70)/16 = 1,000 

The receiver'will supply 1,000 cu. ft. of free air 
above 70 lb. TTie drill will operate 1,000 100 = 

10 minutes. 

The same formula is used to determine the time 
to raise the pressure in a receiver with a given 
compressor. 

Example: A receiver has a capacity of 1,000 
cu. ft. How long would it take a compressor sup- 

siorTioN’ III 


plying 500 cu. ft. of free air per minute to raise 
the pressure from 70 lb. per sq. in. gage to 100 lb. 
per sq. in. gage. 

First, how many cubic feet of free air must be 
put in? 

Yat = 1000 (100 — 70)/16 = 2,000 

Then 2,000/600 = 4 minutes. 

Sometimes it may be necessary to help out a 
compressor when an intermittent drain of the air 
exceeds the capacity of the compressor, such as 
the operation of an air hoist for hoisting or 
hauling. 

Example: A small geared hoist pulling cars 
out of a tunnel requires 120 cu. ft. of compressed 
air per minute at 60 lb. per sq. in. gage. What¬ 
ever the pressure in the receiver, the air is wire¬ 
drawn through the throttle valve to 60 lb. The 
haul requires six minutes. The compressor sup¬ 
plies 300 cu. ft. of free air per minute. The 
receiver may be pumped up to 90 lb. per sq. in. 
gage at the start and the pressure must not drop 
lower than 60 lb. at the finish of the haul. What 
must be the size of the receiver? 

The free air used by the hoist each minute is 
76/15 X 120 = 600 cu. ft. 

The air receiver must supply 600 — 300 = 300 
cu. ft. per minute, or a total of 1,800 cu. ft. of 
free air. 

Yat — (P 3 — P 3 ) V/15 
1,800 = 30 V/16 

V = 900 cu. ft., which is the needed capacity 
of the receiver. 

The calculation of the size of a large under¬ 
ground storage reservoir for compressed air is a 
problem of this type. 

Another style of problem requiring a different 
formula is this: There are two receivers containing 
air at some pressure. If a valve is opened con¬ 
necting the two, what will be the pressure*in both? 

Let Vi be the volume of A and let Vj be the 
volume of B. 

Before the valve is open let P, be the pressure 
in A in lb. per sq. ft., and w, the weight of air 
in A. Let Pj and Wj be the pressure and weight 
respectively in B. 

After the valve is open, the total weight of air 
is Wi -{- Wj and the total volume is V, -|- Vj. 

W3 -I- W3 = (P,V. - 1 - P^V^l/RT 

Let the resultant pressure be P. 

/P,V, -h P 3 V 3 \ -h RT (4) 

Then P(V,-hV 3 ) = (-) 

\ RT / 

PV 3 -f PV 3 = P.V, + P 3 V 3 ( 6 ) 

Let us study this formula for a moment. As a 
syinbol for pressure occurs in wery term, we may 
divide through by 144, leaving the symbols repre¬ 
senting lb. per sq. in. instead of lb. per sq. ft. The 
symbols represent absolute pressures. Let us de¬ 
note the corresponding gage pressures by the sub¬ 
script g, and rewrite the formula: 

(Pg -f 15) V, + (Pg -f 16) V 3 == P,g + 16)V 3 
“ 1 “ (P 28 4” 16)V3. 

The terms involving the atmospheric pressure 
cancel and leave gage pressures. So in this for- 
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mula and in those derived from it the pressure may 
be gage or absolute and the pressures in lb. per 
sq. in. or per sq. ft. 

To continue from (5) 

PiV. + P,V, 

P =- 

V, + V, 

Example: A has a capacity of 1,000 cu. ft. and 
the pressure is 90 lb. per sq. in. gage. B has a 
capacity of 600 cu. ft. and the pressure is 60 lb. 
per sq. in. gage. What will be the pressure if they 
are connected? 

90 X 1.000 + 60 X 500 

P=-^-= 80 

1,500 

The resultant pressure will be 80 lb. per sq. in. 
gage. 

Another form of equation (5) is used in the 
calculation of compressed-^ir haulage systems to 
determine the size of the stationary storage so 
that when the tank on the locomotive is connected 
to it, this tank will be charged to a given pressure. 

Let A be the stationary storage and B be the 
tank on the locomotive. P, is the pressure in the 
storage and is usually about 1,000 lb. per sq. in. 


gage. Pj is the pressure in the locomotive tank 
when ready for charging and is usually about 250 
lb. per sq. in. gage. 

Example: The tank on the locomotive holds 
48 cu. ft., and we wish to charge to 800 lb. per 
sq. in. gage. What should be the capacity of the 
stationary storage? Transposing equation (6) 

PV^ — P,V. = P,V, — PV, 

V,(P, —P) V,(P —P,) 

v,=-=- 

P —P, p,—p 

48 (800 — 260) 

V, =-=132 cu. ft. 

1,000 — 800 

That is, if we have receiver capacity of 132 cu. 
ft. and pump it up to 1,000 lb. between chargings, 
we can charge instantly to 800 lb. To determine 
the capacity of the compressor, use equation (3) 
to determine the amount of free air to put in to 
bring the pressure back to 1,000. The air put in 
divided by the time in minutes between charging 
gives the free air per minute that must be sup¬ 
plied by the compressor. 

—By Walter S. Weeks, Engrineerin^ and Mining Journal, 

June 11, 1921. 


DISCHARGE OF AIR THROUGH AN ORIFICE 
In Cubic Feet of Free Air Per Minute 

Plowing From a Hound Hole In Receiver Into the Atmosphere 

Copyrighted. #906. by Ingenoll-Rand Company. 


Receiver 

Gauge 

Pressure 

Diameter of Orifice 

dt inch 

A inch 

A inch 

yi inch 

X inch 

H inch 

X inch 

H inch 

K inch 

H inch 

1 inch 

IX inch 

IX inch 

2 inch 

Pounds 

Discharge in Cubic Feet of Free Air per Minute 

2 

038 

I 

.153 

.647 

2.435 

9 74 

21.95 

39. 

61 

87.60 

119.50 

1.S6 

242. 

3.S0. 

62.S. 

5 

.0597 

.242 

965 

3.86 

15.40 

34.60 

61 60 

96 50 

133. 

189. 

247 

384. 

550. 

985 

10 

.0842 

.342 

.136 

5.45 

21.8 

49. 

87 

136. 

196 

267 

350 

543. 

780. 


IS 

103 

.418 

1.67 

6.65 

26.70 

60. 

107. 

167 

240 

326 

427 

665. 

960. 

.: 

20 

119 

485 

1 93 

7 7 

30 8 

69 

123 

193 

277 

378 

494 

770. 



133 

54 

2 16 


34^ 

77 

138 

216 

310 

422 

550. 

860. 




.156 

A32 

2 ^ 

10 . 

40 

90 

161 

252 

362 

493 

645 

1000 . 




71 

2 80 

11 2 

44 7 

100 

179 

280 

400 

550. 

715 




00 

40 

.19 

.77 

a 07 

12 27 

49 09 

no 45 

196 35 

306.80 

441 79 

601 32 

785 40 




45 

.208 

.843 

3.36 

13.4 

53 8 

121 

215 

336 

482 

658. 

860 




SO 

225 

.914 

3.64 

14 50 

58.2 

130. 

232 

36/ 

522 

710. 

930. 



. 

60 

26 

1.05 

4.2 

16.8 

67 

151 

268 

420 

604. 

622 





70 

295 

1 19 

4.76 

19. 

76. 

171. 

304. 

476. 

685 

930. 





80 

33 

1 33 

5.32 

21.2 

85. 

191 

340 

532 

765. 

1004. 





90 

.364 

1.47 

5.87 

23 50 

94 

211 

376. 

587 

843. 






100 

40 

1 61 

6 45 

25 8 

103. 

231. 

412 

645 

925 






125 

.486 

1.97 

7 85 

31 4 

125. 

282. 

502 

785 
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» the friction loss is proportional to the length. < for 500 feet M of the alcove For longer or shorter pipes the friction loss is pNoportlonal to the length, f.s., for 500 feet X of the above: 

>ve. etc. for 4,000 feet four times ^ above, etc. 
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COMPRESSED AIR DATA 


In theory there are two ideal methods of com¬ 
pressing and utilizing air, adiabatically or isother- 
mally. 

Adiabatic compression and utilization means 
that the air is compressed and expanded without 
transmission of heat to or from the gas. 

Isothermal compression and utilization means 
that the air is compressed and expanded with the 
addition or rejection of sufficient heat to maintain 
the air at a constant temperature. 


Single Stage Compression 

The table shows the horse power required undei 
the conditions named to compress one cubic foot of 
free air per minute to different gauge pressures by 
single stage compression. 

In columns five and eight of the table below are 
shown the theoretical horsepowers required for iso¬ 
thermal and adiabatic compression. The results of 
isothermal compression are wholly unattainable in 
practice, and are placed here only for purposes of 
comparison. They represent an ideal which it is 
desirable always to keep in view. The figures given 
ill the column of adiabatic compression are based 
on the assumptions that there is no radiation of 
heat from the air cylinder, and that the tempera¬ 
ture of the air after de¬ 
livery had become normal its 
volume being therefore reduc¬ 
ed to that which is practically 
available for use. No allowances 
are included in these figures to 
cover losses other than that due 
to the heating of the air com¬ 
pression. But the full amount 
of loss represented by adiabatic 
compression can never be suffer¬ 
ed in the operation of compres¬ 
sors, however imperfect their 
design. The actual compression 
line must always be lower than 
the adiabatic line, because of the 
radiation of heat through the 
cylinder walls. In ordinary, 
single-stage compressors, prop¬ 
erly water-jacketed and run at a 
reasonable piston speed, the 
compression line falls consider¬ 
ably below the adiabatic line. 

Whatever diminution of loss is 
effected by cooling of the air in 
the cylinder may therefore be 
credited against the other un¬ 
avoidable losses, partially off¬ 
setting them, viz: fractional or 
mechanical loss in the compres¬ 
sor, friction of inlet valves, heat- 
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ing of the intake air by contact with the hot metal 
surfaces and piston clearance of the cylinder. These 
losses are variable in amount depending on the de¬ 
sign of the compressor. 

In the absence of indicator cards giving the ac¬ 
tual results in individual cases, estimates based on 
practice may be made of the net power loss experi¬ 
enced in operating compressors, which will be con¬ 
venient for reference. With this understanding, 
an attempt is made in column nine of the table to 
show the actual horse power required to compress 
one cubic foot of free air, under the condition stated 
at top of the column. Fifteen per cent is assumed 
as a fair estimate in case of well designed and op¬ 
erated single stage compressors of the additional 
power required, over and above that for theoretical 
adiabatic compression; this fifteen per cent being 
taken as: the loss in purely adiabatic compression 
minus the effect of ordinary water-jacket cooling, 
plus the other three losses mentioned at end of pre¬ 
ceding paragraph. 

The figures in columns five, eight and nine 
(which are for free air), if multiplied by the corre¬ 
sponding ratios of compression (Ckilumn 3), will 
give the respective theoretical and actual power 
costs of furnishing one cubic foot of compressed 
air, at the gauge pressure stated. 


KOBBS-FOWBB BBQVZaBS 

For Comprofisliiir Ono Cubic Foot of Freo Air Per mnute (Xsotliermally and Adlabati- 
callj) From Atmospheric Pressure (14,7 Founds) to Tarlous Oaupe Pressures 

Singrle-Stagre Compression 

Initial Temperature of Air Taken as 60* F.—^Jacket-Coollns Not Considered 


Gauge 

Pressure 

Pounds 

Absolute 

Pressure 

Pounds 

Number 
of Atmos¬ 
pheres 

Isothermal Com¬ 
pression 

Adiabatic Compression 

Mean 

Effective 

Pressure 

H. P. 

Mean 

Effective 

Pressure 

I'heoretical 

Mean EflF. 
Pressure 
plus 15% 
Friction 

H. P. 

Theoretical 

H. P. 
plus sl5% 
Friction 

5 

19.7 

1.34 

4.13 

0.018 

4.46 

5.12 

0.019 

0.022 

10 

24.7 

1.68 

7.57 

0.033 

8.21 

9.44 

0.036 

0.041 

IS 

29 7 

2.02 

11.02 

0:048 

•11.46 

13.17 

0.050 

0.057 

20 

34.7 

2.36 

12.62 

0.055 

14.30 

16.44 

0.062 

0.071 

25 

39.7 

2.70 

14.68 

0.064 

16.94 

19.47 

0.074 

0.085 

30 

44.7 

3.04 

16.30 

0.071 

19.32 

22.21 

0.084 

0.096 

35 

49.7 

3.38 

17.90 

0.078 

21.50 

24.72 

0.094 

6.108 

40 

54.7 

3 72 

19.28 

0.084 

23.53 

27.05 

0.103 

0.118 

45 

59.7 

4.06 

20.65 

0.090 

25.40 

29.21 

0.111 

0.127 

50 

64.7 

4.40 

21.80 

0.095 

27.23 

31.31 

0.119 

0.136 

55 

69.7 

4.74 

22.95 

0.100 

28.90 

33.23 

0.126 

0.145 

60 

74.7 

5.08 

23.90 

0.104 

30.53 

35.10 

0.133 

0.153 

65 

79.7 

5.42 

24.80 

0.108 

32.10 

36.91 

0.140 

0.161 

70 

84.7 

5.76 

25.70 

0.112 

33.57 

38.59 

0.146 

0.168 

75 

89.7 

6.10 

26.62 

0.116 

35.00 

40.25 

0.153 

0.175 

80 

94 .'7 

6.44 

27.52 

0.120 

36.36 

41.80 

0.159 

0.182 

85 

99.7 

6.78 

28.21 

0.123 

37.63 

43.27 

0.164 

0.189 

90 

104.7 

7.12 

28.93 

0.126 

38.89 

44.71 

0.169 

0.195 

95 

109.7 

7.46 

29.60 

0.129 

40.11 

46.12 

0.175 

0.201 

100 

114.7 

7.80 

30.30 

0.132 

41.28 

47.46 

0.180 

0.207 

no 

124.7 

8.48 

31.42 

0.137 

43.56 

50.09 

0.190 

0.218 

120 

134.7 

9.16 

32.60 

0.142 

45.69 

52.53 

0.199 

0.229 

130 

144.7 

9.84 

33.75 

0.147 

47.72 

54.87 

0.208 

0.239 

140 

154.7 

10.52 

34.67 

0.151 

49.64 

57.08 

1 0.216 

0.249 

150 

164.7 

11.20 

35.59 

0.155 

51.47 

59.18 

0.224 

0.258 

160 

174.7 

11.88 

36.30 

0.158 

53.70 

61.80 

0.234 

0.269 

170 

184.7 

12.56 

37.20 

0.162 

55.60 

•64.00 

0.242 

0.278 

180 

194.7 

13.24 

38.10 

0.166 

57.20 

65.80 

0.249 

0.286 

190 

204.7 

13.92 

38.80 

0.169 

58.80 

67.70 

0.256 

0.294 

200 

214,7 

14.60 

39.50 

0,172 

60.40 

69.50 

0.263 

0.303 
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COMPRESSED AIR DATA. 


Two and Three Stage Compression 

The horse power for two and three stage com¬ 
pression at sea-level, both theoretical and actual, 
are given in the following tables, the figures in the 


column headed “Horse power plus 150% friction,” 
being taken as an approximation to the results 
obtainable in practice from stage compressors of 
the usual design. 


KOMB-POWBB XBQVnUB 

For OomprosslnF Ono Onblo Foot of Froo Air Per Mliinte CDiotliermallF aaA Adlabati- 
leally) From Atmospberlo Freosure (14.7 Founds) to Tarlons Onnpe Fressnres 

Two-Stagre Compression 

Initial Temperature of Air Taken as 60* F.—Jacket-Cooling Not Considered 


Gauge 

Pressure 

Pounds 

Abso¬ 

lute 

Pressure 

PourKls 

No of 
Atmos¬ 
pheres 

Correct 
R.atio of 
Gylinder 
Volumes 

Inter¬ 

cooler 

Gauge 

Pressure 

Isothermal 

Compression 

Adiabatic Compression 

Per¬ 
centage 
of Saving 
over 

One-stage 

Comp 

Mean 

EPf. 

Pressure 

H. P. 

^can Eff. 
Pressure 
Thco- 
ret ical 

yfean Eff 
Pressure 
plus 15% 
Friction 

H. P. 
Theo¬ 
retical 

H. P. 
plus 15% 
Friction 

50 

64.7 

4.40 

2 10 

16 2 

21.80 

0.095 

24.30 

27.90 

0.106 

0.123 

10.9 

60 

74.7 

5.08 

2.25 

18.4 

23.90 

0.104 

27.20 

31.30 

Q.118 

0.136 

11.3 

70 

84.7 

5.76 

2.40 

20.6 

25.70 

0.112 

29.31 

33.71 

0.128 

0.147 

12.3 

80 

94.7 

6.44 

2.54 

22.7 

27.52 

0.120 

31.44 

36.15 

0.137 

0.158 

13.8 

90 

104.7 

7.12 

2.67 

24.5 

28.93 

0.126 

33.37 

38.36 

0.145 

0.167 

14.2 

100 

114.7 

7.80 

2.79 

26.3 

30.30 

0.132 

35.20 

40.48 

0.153 

0.176 

15.0 

110 

124.7 

8.48 

2.91 

28.1 

31.42 

0.137 

36.82 

42.34 

0.161 

0.185 

15.2 

120 

134.7 

9.16 

3.03 

29.8 

32.60 

0.U2 

38.44 

44.20 

0.168 

0.193 

15.6 

130 

144.7 

9.84 

3.14 

31.5 

33.75 

0.147 

39.86 

45.83 

0.174 

0.200 

16.3 

140 

154.7 

10.52 

3.24 

32.9 

34.67 

0.151 

41.28 

47.47 

0.180 

0.207 

16.7 

150 

164.7 

11.20 

3.35 

34.5 

35.59 

0.155 

42.60 

48.99 

0.186 

0.214 

16.9 

160 

174.7 

11.88 

3.45 

36.1 

36.30 

0.158 

43.82 

50.39 

0.191 

0.219 

18.4 

170 

184.7 

12.56 

3.54 

37.3 

37.20 

0.162 

44.93 

51.66 

0.196 

0.225 

19.0 

180 

194.7 

13.24 

3.64 

38.8 

38.10 

0.166 

46 05 

52.95 

0.201 

0.231 

19.3 

190 

204.7 

13.92 

3.73 

40 1 

38.80 

0.169 

47.16 

54.22 

0 206 

0.236 

19.5 

200 

214.7 

14.60 

3.82 

41.4 

39.50 

0 172 

48.18 

55.39 

0 210 

0.241 

20.1 

210 

224 7 

15.28 

3.91 

42.8 

40.10 

0.174 

49.35 

56.70 

0.216 

0 247 


220 

234.7 

15.96 

3.99 

44.0 

40.70 

0 177 

50.30 

57.70 

0.220 

0.252 


230 

244.7 

16.64 

4.08 

45.3 

41.30 

0.180 

51.30 

59.10 

0.224 

0.257 


240 

254.7 

17.32 

4.17 

46.6 

41.90 

0.183 

52.25 

60.10 

0.228 

0.262 


250 

264.7 

18.00 

4.24 

47.6 

42.70 

0.186 

52.84 

60.76 

0.230 

0.264 


260 

274.7 

18.68 

4.32 

48.8 

43.00 

0.188 

53,85 

62.05 

0.235 

0.270 


270 

284.7 

19.36 

4.40 

50.0 

43.50 

0.190 

54.60 

62.90 

0.238 

0.274 


280 

294.7 

20.04 

4.48 

51.1 

44.00 

0.192 

55.50 

63.85 

0.242 

0.278 


290 

304.7 

20.72 

4.55 

52.2 

44.50 

0.194 

56.20 

64.75 

0.246 

0.282 


300 

314.7 

21.40 

4.63 

53.4 

45.30 

0.197 

56.70 

65.20 

0.247 

0.283 


350 

364.7 

24.80 

4.98 

58.5 

47.30 

0.206 

60.15 

69.16 

0.262 

0.301 


400 

414.7 

28.20 

5.31 

63.3 

49.20 

0;714 

63.19 

72.65 

0.276 

0.317 


450 

464.7 

31.60 

5.61 

67.8 

51.20 

0.223 

65.93 

75.81 

0.287 

,0.329 


500 

514.7 

35.01 

5.91 

72.1 

52.70 

0.229 

68.46 

78 72 

0.298 

0.342 



DEFINITIONS OF COM¬ 
PRESSED AIR TERMS 


Upon the recommendation of 
its Technical Committee the 
Compressed Air Society has 
adopted the following definitions 
of certain compressed air terms 
in order to eliminate confusion 
as to their exact meaning. 

Displacement—The displace¬ 
ment of an air compressor is 
the volume displaced by the net 
area of the compressor piston. 

Capacity — The capacity 
should be expressed in cubic 
feet per minute and is the ac¬ 
tual amount of air compressed 
and delivered, expressed in free 
air at intake temperature and at 
the pressure of dry air at the 
suction. 

Volumetric Efficiency—^Volu¬ 
metric efficiency is the ratio of 
the capacity to the displacement 
of the compressor, all as defined 
above. 


HOBSB-POWBB BBQUXBBS^ 

For OomprosBing One Onblo Foot of Free Air Per Mlnnte (ZBOthermally and Adlabatl- 
loally) From Atmoepberlo Presanre (14.7 Founds) to Tarlons Oange Pressures 

Three-Stage Compression 

Initial Temperature of Air Taken as 60* F.—Jacket-Cooling Not Considered 


Gauge 

Pressure 

Pounds 

Abso¬ 

lute 

Pressure 

Pounds 

No. of 
Atmos¬ 
pheres 

Correct 

Intercooler 

Gauge 

Pressures 

Isothermal 

Compression 

Adiabatic Compression 

Per¬ 

centage 

Saving 

over 

2-Stage 

Comp. 

Ratio of 
Cylinder 
Volumes 

First 

Stage 

Second 

Stage 

Mean 

Eff. 

Pressure 

H. P 

Mean 

Eff. 

Pressure 

Theo¬ 

retical 

Mean 
Effective 
Pressure 
plus 15% 
Friction 

H. P 
Theo¬ 
retical 

H. P. 
plus 15% 
Friction 

100 

114.7 

7.8 

1.98 

14.4 

42.9 

30.30 

0.132 

33.30 

38.30 

0.145 

0.167 

5.23 

150 

164.7 

11.2 

2.24 

18.2 

59.0 

35.59 

0.155 

40.30 

46.50 

o.ir5 

0.202 

5.92 

200 

214.7 

14.6 

2.44 

21.2 

73.0 

39.50 

0.172 

45.20 

52.00 

0.196 

0.226 

6.67 

250 

264.7 

18.0 

2.62 

23.8 

86.1 

42.70 

0 186 

49.20 

56.60 

0.214 

0.246 

6 96 

300 

314.7 

21.4 

2.78 

26.1 

98 7 

45.30 

0.197 

52.70 

60.70 

0.229 

0 264 

7,28 

350 

364.7 

24.8 

2.92 

28.2 

110.5 

47.30 

0.206 

55.45 

63 80 

0.242 

0.277 

7.64 

400 

414 7 

28.2 

3.04 

30.0 

121.0 

49.20 

0.214 

58.25 

66.90 

0 253 

0.292 

8.33 

450 

464.7 

31.6 

3.16 

31.8 

132.3 

51.20 

0.223 

60.40 

69.40 

0 263 

0.302 

8.36 

500 

514.7 

35.0 

3.27 

33.4 

142.4 

52.70 

0.229 

62.30 

71.70 

0.273 

0 314 

8.38 

550 

564.7 

38 4 

3.38 

35.0 

153.1 

53.75 

0.234 

65.00 

74.75 

0.283 

0 326 

8.80 

600 

614.7 

41.8 

3.47 

36.3 

162.3 

54.85 

0.239 

66.85 

76.90 

0.291 

0.334 

8 86 

650 

664.7 

45.2 

3.56 

37.6 

171.5 

56.00 

0.244 

67.90 

78.15 

0.296 

0.340 

9.02 

700 

714.7 

48.6 

3.65 

38.9 

180.8 

57.15 

0.249 

69.40 

79.85 

0.303 

0.348 

9.18 

750 

764 7 

52 0 

3.73 

40.1 

189.8 

58.10 

0.253 

70.75 

81.40 

0.309 

0 355 


800 

814.7 

55 4 

3.82 

41.4 

199.5 

59.00 

0.257 

72.45 

83.25 

0.315 

0.362 


850 

864 7 

58.8 

3.89 

42.5 

207.8 

60 20 

0.262 

73.75 

84.90 

0.321 

0.369 


900 

914 7 

62.2 

3.95 

43.4 

214 6 

60 80 

0.265 

74 80 

86.00 

0.326 

0.375 


950 

964 7 

65 6 

4.03 

44.6 

224.5 

61.72 

0.269 

76.10 

87.50 

0.331 

0.381 


1000 

1014 7 

69.0 

4.11 

45.7 

233.3 

62 40 

0.272 

77.20 

88.80 

0.336 

0 383 


1050 

1064.7 

72.4 

4:15 

46.3 

238.3 

63. 10 

0.275 

78 10 

90.10 

0.340 

0 391 


1100 

1114.7 

75 8 

4.23 

47.5 

248.3 

63 80 

0.278 

79.10 

91.10 

0.344 

0.396 


1150 

1164.7 

79.2 

4.30 

48.5 

256.8 

64 40 

0.281 

80.15 

92.20 

0 349 

0 401 


1200 

1214 7 

82.6 

4.33 

49.0 

261.3 

65 00 

0.283 

81 00 

93.15 

0 353 

0 405 


1250 

1264.7 

86.0 

4.42 

50.3 

272 3 

65 60 

0.286 

82.00 

94.30 

0 357 

0.411 


1300 

1314 7 

89.4 

4.48 

51.3 

280 8 

66 30 

0.289 

82.90 

95.30 

0 362 

0.416 


1350 

1364.7 

92.8 

4 53 

52.0 

287.3 

66 70 

0.291 

84.00 

96.60 

0 366 

0 421 


1400 

1414.7 

96.2 

4,58 

52.6 

293 5 

67 00 

0 292 

84 60 

97.30 

0 368 

0.423 


1450 

1464 7 

99 6 

4 64 

53 5 

301.5 

67 70 

0 295 

85.30 

98.20 

0 371 

0.426 


1500 

1514.7 

103.0 

4.69 

54 3 

309 3 

68 30 

0 298 

85 80 

98.80 

0 374 

0.430 


1550 

1564 7 

106.4 

4.74 

55 0 

317 3 

68 80 

0 300 

86.80 

99.85 

0.378 

0 434 


1600 

1614.7 

109.8 

4.79 

55 8 

323 ’3 

69.10 

0.302 

87.60 

100.80 

0.382 

0.438 



Courtesy Ingersoll-Rand Co. 


Compressi<m Efficimicy — 
Compression efficiency is the 
ratio of the work required to 
compress isothermally all the 
air delivered by an air compres¬ 
sor to the work actually done 
within the compressor cylinder 
as shown by indicator cards, and 
may be expressed as the product 
of the volumetric efficiency (the 
intake pressure and the hyper¬ 
bolic logarithm of the ratio of 
compression), all divided by the 
indicated mean effective pres¬ 
sure within the air cylinder or 
cylinders. 

Mechanical Efficiency — Me¬ 
chanical efficiency is the ratio of 
the air indicated horse-power to 
the steam indicated horse¬ 
power in the case of a steam 
driven, and to the brake horse¬ 
power in the case of a power 
driven machine. 

Overall Efficiency — Overall 
efficiency is the product of the 
compression efficiency and the 
mechanical efficiency. 

The society further recom¬ 
mends that the use of other ex¬ 
pressions of efficiency be discon¬ 
tinued. 
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COMPRESSED AIR DATA, 


HORSE POWER REQUIRED TO COMPRESS AIR 


The formula for calculating the horse power re¬ 
quired to compress, adiabatically, a given volume 
of free air to a given pressure is, 


n-1 


H. P. 


144 NPVn 
33,000 (n-1) 



1 


In which N = Number of stages in which com¬ 
pression is accomplished. 

P = Atmospheric Pressure, lbs. per 
sq. in. 

Pj = Absolute terminal pressure in lbs. 
per sq. in. 

V = Volume of air, in. cu. ft., com¬ 
pressed per minute, at atmo¬ 
spheric pressure. 

n = Exponent of the compression curve 
= 1.41 for adiabatic compres¬ 
sion. 


For different methods of compression and for 
one cu. ft. of air per minute, this formula may be 
simplified as follows: 

For one-stage compression: 

H. P. = 0.016 P (R® — 1) 

For two-stage compression: 

H. P. = 0.030 P (»“' — 1) 

For three-stage compression: 

H. P. = 0.045 P — 1) 

For four-stage compression: 

H. P. = 0.060 P (R»— 1) 

P. 

In these latter formulas R = — = number of 

P 

atmospheres to be compressed. 

The formula for calculating the horse power re¬ 
quired to compress isothermally a given volume of 
free air to a given pressure is: 

144 PV P, 

H. P. =- nap. log. — 

33000 P 

Napierian logarithms are obtained hy multiply¬ 
ing common logarithms by 2.302585. 


CUBIC FEET OF FREE AIR 

Required to Rim One Drill of Size 
and at the Pressure Stated. 


Gauge 


Cylinder Diameter op Drill 


PRESSURE 

Lbs 

2' 

2K' 

2}^' 

2K' 

3* 

3H' 

3A' 

3K' 

3><* 

3H' 

4K' 

5' 

5M’ 

60 

50 

60 

68 

82 

90 

95 

97 

100 

108 

113 

130 

150 

164 

70 

56 

68 

77 

93* 

102 

108 

110 

113 

124 

129 

147 

170 

181 

80 

63 

76 

86 

104 

114 

120 

123 

127 

131 

143 

164 

190 

207 

90 

70 

84 

95 

115 

126 

133 

136 

141 

152 

159 

182 

210 

230 

100 

77 

92 

104 

126 

138 

146 

149 

154 

166 

174 

199 

240 

252 


MULTIPLIERS TO DETERMINE CAPACITY OF COMPRESSOR 
Required to Operate from 1 to 70 Rock Drills at Altitudes Compared with Sea Level 

EXAMPLE—Required the amount of free air necessary to operate thirty 6-inch drills at 9,000 feet 
altitude, using to operate these drills air at a gauge pressure of 80 pounds per square inch. 

From Table above we find, when operating the drills, at 80 pounds gauge pressure at sea level, 
that one 5-inch drill requires 190 cubic feet of free air per minute. 


Altitude 

AbOVE 

Sea Level 

Feet 

Number op Drills 

1 

2 

3 4 

5 

6 

7 


F 

10 

12 

15 

20 

25 

30 

40 

50 

60 

,0 From Table opposite we also 

find that the factor for 30 drills 

Multipliers at 9,000 feet altitude is 20.38; 

multinlvinsr 190 cubic feet bv 

0 

1000 

2f)00 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

10000 

12000 

15000 

1. 

1.03 

1.07 

1.10 

1.14 

1J7 

1.20 

1.23 

1.26 

1.29 

1.32 

1.37 

1.43 

1.8 
1.85 
1.92 
1.98 
2.05 
2.10 
2.16 
2 21 
2 27 
2.32 
2.38 
2.47 
2.57 

2.7 ^.4 

2.7813.5 

2.8^3.64 

2.973.74 

3.0W3.88 

3.16^3 98 

3.244.08 

3.32 4.18 

3.4^4.23 

3.484.39 

3.S«4.49 

3.7(M4.M 

3.8M.86 

4.1 

4.22 

4.39 

4.51 

4.67 

4.8 

4.9 
504 
5.17 
5.29 
5.4i; 
5.62 
5.86 

4.8 

4.94 

5.14 

5.28 

5.47 

5.62 

5.76 

59] 

,605 

6.19 

;6.34 

6.57 

6.86 

5.4 
5.56 
5.78 
5.94 
6 15 
632 
6.48 
66^ 
6.8 
696 
7.13 

7.4 
7.72 

6.0 

6.18 

6.42 

6.6 

6.84 

7.02 

7.2 

7.38 

7 56 
7.74 
7.92 

8 22 
8.58 

1 

6.5 

6.69 

695 

7.15 

7.41 

7.61 

7.8 

7 99 

8 19 
8.38 
8.58 
89 
9.3 

7.1 

7.3 

7.60 

7.81 

8.09 

831 

8.52 

8 73 
8.95 
9.16 
9.37 

9 73 
10.15 

8.1 
834 
8.67 
8.91 
9.23 
9.48 
9 72 
9 96! 
10 21 
10.45 
10.69 
11.1 
11.58 

9.5 
9.78 
110.17 
10.45 
10.83 
11.12 
11.4 
'll 68 
11.97 
12.26 
12.54 
13.02 
13.58 

11.7 

12.05 

12.52 

12.87 

13.34 

1369 

14.04 

14.39 

14.74 

15.09 

15.44 

16.03 

16 73 

13.7 

14.1 

14 66 

15.07 

15.62 

16.03 

16.44 

16 85 
17.26 

17 67 
18.08 
18.77 
19.59 

15.8 
163 

16.9 

17.38 
18.01 
18.49 
1896 
19.43 

19.9 

20.38 
2086 
21 64 
22.59 

21.4 
22.0 
22 9 
23.54 

24.4 
2504 
25 68 

26.32 
29.96 
27.6 
28.25 

29.32 
j30.6 

25.5 
26.26 
27.28 
28.05 
29.07 
29.84 

30.6 
31.36 
32.13 
32.9 
33.66 
34.94 
36.46 

294 
.^0.3 
31.46 
32.34 
33 52 

34.4 

35.4 
36.16 
37.04 
37.92 
38.8 
40.28 
42.0^ 

33.2 20.38* gives 3,872 cubic feet air 

35 52 P®*” minute, which is the dis- 

3652 placement of a compressor for 
MiM the above outfit under average 
conditions, to which must be 
42 83 added pipe line losses, such as 
43:82 friction and leakage. 

45.48 

47.47 
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J50 COMPRESSED AIR DATA 


TABAB FOB SZirOBB OOMPmB88ZOB AT AXTZTUDB8 


1 

! 

1 

1 

Altitude 

in 

Feet 

1 

1 

Barometric 

1 Pressure 

Per cent, of 
Efficiency of 
Air Considering 1 
its Volume 100 
per cent, at 

Sea Level 

1 

Per cent. 
Increase in j 
Volume Neces-| 
1 sary to give 
at Altitudes 
Efficiency 
Equivalent 
to Sea Level 
■ 

1 

Horse Power 
Required to , 
Compress One 
Cubic Ft. of 1 
Free Air at | 
Different Alti¬ 
tudes (Single 
Compression) 

Per cent, of 
Power Re¬ 
quired to 
Compress 
Same Piston 
Displacement 
Compared with 
Sea Level 

1 

1 

Per cent. 
Decrease in 
Power Re- 
1 qulred to 
Compress 
Same Piston 
Displacement 
Compared with 
Sea Level 

1 

I t^er cent. 
Increase in 
Power Re¬ 
quired to 
Compress 
the Volume 
of Air at 
Altitude 
Equal to a 
Given Vol- 
1 ume at Sea 
Level 


Inches 
of Mer¬ 
cury 

1 

' Pounds 

1 per 

1 Square 

1 Inch 

1 

Gauge 

Gauge 

Gauge 1 

Gauge 1 

1 Gauge \ 

Gauge 


1 80 

100 

80 

100 

80 

1 100 

80 1 

100 1 

1 

80 1 100 

1 1 

1 80 1 100 

1 1 


0 

1 30.00 

14.75 

100.0 

100.0 

0.0 

0.0 1 

.1585 1 

.1800 

100.0 

100.0 1 

0.0 

0.0 

0.0 

i 0.0 

1000 

1 28.88 

14.20 

96.8 

96.7 

3.3 

3.4 

.1661 

.1773 

98.5 

98.4 

1.6 

1.6 

1.7 

1 1.8 

2000 

27.80 

13.67 

93.8 

93.6 

6.6 

6.8 

.1536 

.1744 

96.9 

96.8 

3.1 

3.2 

3.3 1 

3.4 

3000 

26.76 

13.16 

90.7 

90.5 

10.2 

10.5 

1 .1612 

1 .1714 

95.4 

1 95.2 

1 4.6 

1 4.8 

1 5.1 1 

1 5.2 

4000 

25.76 

12.67 

87.8 

87.6 

13.9 

14.2 

.1486 

.1686 

93.7 

93.6 

6.3 

6.4 

6.8 1 

6.9 

6000 

24.79 

12.20 

84.9 

84.6 

17.6 

18.2 

1 .1464 

.1657 

92.4 

92.0 

1 7.6 

8.0 

1 8.6 

8.8 

6000 

1 23.86 

11.73 

82.1 

81.7 

21.8 

1 22.4 

1 .1438 

.1629 

90.7 

90.5 

9.3 

9.5 

10.6 1 

10.7 

7000 

i 22.97 

11.30 

79.5 

78.9 

26.7 

26.7 

: .1416 

.1699 

89.3 

88.8 

1 10.7 

11.2 

1 12.3 

12.6 

8000 

22.11 

10.87 

76.9 

76.3 

30.0 

! 31.0 

.1391 

.1571 

87.7 

87.3 

12.3 

12.7 

14.1 

14.3 

9000 

21.29 

10.46 

74.3 

73.7 

34.7 

35.6 

.1369 

.1543 

86.4 

85.7 

13.6 

14.3 

16.2 

16.3 

10000 

20.49 

10.07 

71.9 

71.2 

39.0 

40.0 

1 

.1348 

.1616 

85.0 

84.1 

15.0 

15.9 

18.2 

I 18.8 


TABBB FOB TWO-8TAOB OOMPBB88ZON AT AZiTZTUDB8 


Altitude 

in 

Feet 

1 

Barometric 
Pressure | 

1 

1 

1 Percentage of Efficiency of Air 
at Altitudes Considering its Vol- 
' ume 100% at Sea Level 

Percentage Increase in Vol¬ 
ume Necessary to give at i 
Altitudes Efficiency Equiv¬ 
alent to Sea Level ; 

1 Horse-Power Required to Com- 
1 press One Cubic Foot of Free 

1 Air to 

Inches 

of 

Mercury 

1 

Pounds 

per 

Sq. In. 

1 

1 

1 GAUGE PRESSURE 

GAUGE PRESSURE 

GAUGE PRESSURE 

1 ! 

I 60 1 80 1 

100 1 

1 i 

125 1 

1 150 1 

1 

' ! 

60 j 80 1 100 j 150 1 

1 

1 

60 

1 1 

80 1 100 

126 

150 


0 

30.00 

1 14.76 

100.0 

100.0 

100.0 

100.0 

0.0 

0.0 

0.0 

0.0 

.1175 

.1375 

.1535 

.1708 

.1859 

1000 

28.88 

14.20 

96.9 

96.8 

96.7 

96.6 

96.6 

3.2 

3.3 

3.4 

3.5 

3.6 

.1167 

.1346 

.1508 

.1676 

.1820 

2000 

27.80 

13.67 

94.0 

93.8 

93.6 

93.4 

93.3 

6.3 

6.6 

6.8 

7.0 

7.2 

.1143 

.1324 

.1481 

.1641 

.1781 

3000 

26.76 

13.16 

91.2 

90.7 

90.6 

90.2 

90.0 

9.6 

10.2 

10.5 

11.0 

11.1 

.1116 

.1298 

.1449 

.1607 

.1742 

4000 

25.76 

12.67 

88.3 

87.8 

87.6 

87.2 

87.0 

13.2 

13.9 

14.2 

14.6 

14.9 

.1097 

.1273 

.1422 

.1574 

.1707 

5000 

24.79 j 

12.20 

86.6 

84.9 

84.6 

84.2 

84.0 

16.8 

17.6 

18.2 

18.7 

19.0 

.1079 

.1251 

.1391 

.1541 

.1670 

6000 

1 23.86 ] 

11.73 

{ 82.8 

1 82.1 

81.7 

81.2 

1 81.0 

20.7 

21.8 

22.4 

23.1 

23.4 

.1059 

.1228 

.1362 

.1610 

.1634 

7000 

1 

1 22.97 

11.30 

1 80.3 

79.6 

78.9 

78.6 

78.2 

1 24.5 

26.7 

26.7 

27.4 

27.8 

.1040 

.1203 

.1336 

.1478 

.1598 

8000 

22.11 

10.87 

1 77.7 

76.9 

76.3 

75.8 

76.4 

28.7 

30.0 

31.0 

31.9 1 
32.6 


1 .1180 


.1445 

1 .1563 

9000 

21.29 

10.46 

75.2 

74.3 

73.7 

73.1 

72.8 

32.9 

34.7 

35.6 

1 36.8 

37.3 1 

1 .1020 
.1003 

.1164 1 

1 .1308 

.1281 

1 .1416 

.1629 

10000 

20.49 

1 

10.07 

72.8 

1 

71.9 

1 

71.2 

70.6 

70.2 

1 

37.3 

1 

39.0 

1 

40.0 

1 _ 

41.6 

42.4 

1 _ 

.0984 

1_ 

.1133 

1 _ 

.1254 

1 

.1384 

.1493 

1 


EFFZCIBNCIE8 OF AIB OOMPBE88ZON AT PZFFBBEBT 
AETZTUDE8 


Altitude 

1 

Barometric I 

Pressure 

Volumetric 
Efficiency 
Compressor 
j Per Cent. 

1 

1 1 

1 

1 Loss of 

1 Capacity 

1 Per Cent. 

1 

1 

Decreased 
Power 
Required 
Per Cent. 

Inches 

Mercury 

Pounds 

per 

Sq. Inch 

0 

30.00 

14.75 

100 

0 

0. 

1000 

28.88 

14.20 

97 

3 

1.8 

2000 

27.80 

13.67 

93 

7 

3.6 

3000 

26.76 

13.16 

90 

10 

5.2 

4000 

25.76 

12.67 

87 

13 

6.9 

6000 

24.79 

12.20 

84 

16 

8.5 

6000 

23.86 

11.73 

81 

19 

10.1 

7000 

22.97 

11.30 

1 78 

22 

11.6 

8000 

22.11 

10.87 

76 

24 

13.1 

9000 

21.29 

10.46 

73 

27 

14.6 

10000 

20.49 1 

10.07 

70 

30 

16.1 

11000 

19.72 

9.70 

68 

32 

17.6 

12000 

18.98 

9.34 

65 

35 

19.1 

13000 

18.27 

8.98 

1 63 

37 

20.6 

14000 

17.59 

8.65 

60 

40 

22.1 

15000 

16.93 

8.32 

1 58 

1 1 

42 

23.6 


EFFECT OF ABTZTUDE ON TOBUME 

Comparative volumes of free air at different altitudes and 
60* initial temperature, which, when compressed, will give the 
same mechanical effect. 


Altitude |i Gauge Pressure 



i 60 lb. 

1 

80 lb. 

100 lb. 

0 

i 1.000 

1.000 

1.000 

5000 

1.168 

1.178 

1.182 

10000 

1.373 

1.394 

1.404 


KOB8EPOWEB DEVEBOFED 


Horse power developed with allowance for usual losses in 
compressing one cubic foot of free air at 60* from atmospheric 
(14.7 lbs.) to various pressures. 


Altitude 

Single Compression 

Two-Stage Compression 


60 lb. 1 

00 

o 

1 100 lb. 1 

i 60 lb. ' 

80 lb. 

100 lb. 

0 

.1633 1 

.1824 

.2076 

.1354 

.1680 

.1765 

5000 

.1425 

.1685 1 

.1906 

.1241 

.1438 

.1600 

10000 

.1316 1 

.1547 

.1743 

.1132 

.1303 

.1442 
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AIR TRANSMISSION DATA. 1 


A METHOD FOR MEASURING LEAK¬ 
AGE IN COMPRESSED AIR LINES 


This paper is a discussion of a method for 
determining the number of cubic feet of free air 
that leaks from an air line each minute when the 
receiver pressure is held constant at the usual 
mine pressure. The measuring device is the low- 
pressure-orifice meter that is ordinarily used for 
testing compressors. A sketch of this meter and 
its connections to the receiver is shown in the 
figure. 

The meter is connected to the receiver in the 
air-compressor room. The air flows from the re- 



Arrangement of Apparatus for Testing Air Line 

ceiver through the valve A into the tank B and 
then out through the orifice F. At the point D 
the pressure is tapen with a water manometer E. 
The temperature in the tank is taken with a ther¬ 
mometer at C. The orifice is carefully made with 
a smooth, rounded inner surface. 

The leakage is determined as follows: Close 
the valve L on the air line so that there is no con¬ 
nection between it and the receiver in the com¬ 
pressor room. Select one compressor (if there are 
several compressors) whose capacity is greater 
than the leaks. Adjust this compressor so that it 
will not unload at the pressure at which the test 
is to be made. 

Now, run this compressor and discharge all of 
the air through the orifice. Adjust valve A until 
the compressor holds exactly the desired pressure. 
When the pressure remains constant at this value, 
a reading of the meter shows how much air the 
compressor will deliver at that pressure. This 
amount will be constant as long as the receiver 
pressure is constant. 

Now, open the valve on the air line to the mine. 
The air line and meter are now in parallel. Adjust 
valve A until the pressure in the receiver is con¬ 
stant at the desired value. The compressor is now 
delivering the same amount of air that it was de¬ 
livering when all was discharged through the 
orifice, but some of the air is leaking from the air 
line and the rest is going through the orifice. A 
reading of the meter shows how much is passing 
the orifice. The difference between the first read¬ 
ing and this reading is the amount that is leaking 
from the air line. 

Example: The air is measured as free air. 

Cu. Ft. 
per Minute 


Meter reading, all air through orifice. 500 

Meter reading, meter in parallel with air line. 300 

Leakage 500 — 300 = 200 cu. ft. per minute. 


If the air line is very long, it will take a little 
time to determine whether the air pressure in the 
receiver has become constant. 


Let it be assumed, for example, that the air 
line consists of 20,000 ft. of 6-in. pipe and that the 
receiver in the compressor room has a volume of 
1,000 cu. ft. The total capacity will be 6,000 cu. ft. 

Let it be further assumed that the value to the 
orifice has been adjusted so that the compressor 
will deliver 10 cu. ft. more air each minute than is 
discharged through the leaks and through the 
orifice. This excess air will increase the pressure. 
How long will it take this excess air to increase 
the pressure 1 lb. per sq. in.? Assume the baro¬ 
metric pressure to be 15 lb. per sq. in. absolute. 

(P, —P,) V 

Va/ =- 

15 

For derivation and discussion of this formula 
see article on “Air Receiver Calculations" in 
another part of this book. 

Yat is the free air necessary to change the 
pressure. 

(Pj — Pjj) is the change in pressure. 

V is the volume of the receiver and line. 

Units are cubic feet and lb. per sq. in. 

1 X 5,000 

Yat = -= 333 

15 

Now, if it takes an increase of 333 cu. ft, of 
free air to change the pressure 1 lb., it will take 
the excess of 10 cu. ft. per minute thirty-three 
minutes to produce this change. It will actually 
take less time than this because the compressor 
puts hot air into the line, whereas this formula 
assumes constant temperature. 

A good recording gage can be easily read to 
the nearest pound, and smaller changes can be 
detected, so in this test if one watches the gage 
for fifteen minutes one could probably tell whether 
or not the pressure was constant. Obviously, the 
larger the air line the longer one must watch the 
gage. 

Suppose the purpose be to determine the leak¬ 
age in a large underground receiver. First, run 
a test on the leakage of the line with underground 
receiver disconnected. Then run a test on the air 
line and receiver together. The difference in the 
two amounts of leakage is the leakage in the 
receiver. 

Assume that the volume of the line, the surface 
receiver, and the underground receiver is 30,000 
cu. ft. How long will it take an excess of 10 cu. ft. 
per minute to raise the pressure 1 lb. ? 

1 X 30,000 

Yat -= 2,000 

15 

It will take the excess about 200 minutes to 
raise the pressure 1 lb. A change might possibly 
be detected in an hour. 

Virile a test is being run all conditions must, 
of course, remain constant. The compressor must 
run at constant speed and all the valves in the 
mine must be kept closed. 

—By Walter S. Weeks. Written for Eng. and Min. Journal. 
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COMPRESSED AIR DATA. 


COMPRESSED AIR TABLE FOR HOISTING 
ENGINES 


The following table is intended to give an 
approximate idea of the volume of free air required 
for operating hoisting engines, the air being deliv¬ 
ered to the engines at 60 pounds gauge pressure. 
There are so many variable conditions in the opera¬ 
tion of hoisting by the hoisting engines in common 
use that accurate computations can only be offered 
when fixed data are given. In the table, the hoist¬ 
ing engine is assumed to actually run but one-half 
of the time for hoisting, while the compressor, of 
course, runs continuously. If the engine runs less 
than one-half the time, as it usually does, the vol¬ 
ume of air required will be proportionately less, 
and vice versa. The table is computed for maxi¬ 
mum loads, which also in practice may vary widely. 
From the intermittent character of the work of a 
hoisting engine the parts are able to resume their 
normal temperature between the hoists, and there 
is little probability of the annoyance of freezing 
up the exhaust passages. 


TABU or THB VOBUIIB OF FBBB AXB BBQBIBHS FOB 
OPBBATnrO KOISTIVO BBOnrBS 
Thm Air OomjnrssMd to 60 Poiindfl Oaiiir* ProMuo 


Diameter 




1 -i 

Weight 

Cubic 
Feet of 

of Cylinder 

Stroke 

R.P.M. 

Normal 

Actual 

Lifted 

Free Air 

Inches 

Inches 


H. P. 

H. P. 

Single 

Rope 

Re¬ 

quired 


Slngrle Cylinder Hoisting Engine 


5 

6 

200 

3 

5.9 

600 

76 

5 

8 

160 

4 

6.3 

1000 

80 

6% 

8 

160 

6 

9.9 

1500 

126 

7 

10 

125 

10 

12.1 

2000 

151 

8% 

10 

125 

15 

16.8 

3000 

170 

8H 

12 

110 

20 

18.9 

5000 

238 

10 

12 

110 

25 

26.2 

6000 1 

330 


Double Cylinder Hoisting Engine 


6 

6 

200 

6 

11.8 

1000 

150 

5 

8 

160 

8 

12.6 

1650 

160 

6% 

8 

160 

12 

19.8 

2600 

250 

7 

10 

126 

20 

24.2 

3500 

302 

8^ 

10 

125 

30 

33.6 

6000 

340 

8% 

12 

110 

40 

37.8 

8000 

476 

10 

12 

110 

50 

62.4 

10000 

660 

1214 

15 

100 

76 

89.2 


1125 

14 

18 

90 

100 

125. 


1587 


AIK BBQUIKBD TO SOZ8T OKE TOK (2S40 POUHD8) OP 
KOOK AT TAKZOUS AKOUS OP 8EOPB« 

Anglos Moasorad Prom tho Sorlsontal 


Angle of 
Slope 
Degrees 

Cubic Feet of Free Air 
Consumed per Minute 
of Actual Hoisting 

(speed of rope being 
350 feet per minute) 

Cubic Feet of Free Air 
Consumed for Each 
100 Feet of Hoist 
(measured on the 
slope) 

0 

11 

3.14 

6 

90 

25.7 

10 

100 

45.6 

15 

230 

65.7 

20 

320 

91.2 

25 

400 1 

114 

30 

470 1 

134 

36 

620 1 

148 

40 

590 

1 168 

45 

650 

1 186 

60 

700 

1 200 

60 

790 

1 225 

76 

880 

1 250 

90 

900 

257 

1 


♦Original by F. A. Halsey. 


This table includes the power required to hoist 
the skip and rope and overcome the friction. It 
assumes that 20 per cent, of the power of the 
engine is consumed in its own friction and that of 
the gearing; that the skip weighs one-half as much 
as its contents; and that the traction on a hori¬ 
zontal mine track is 30 pounds per ton; and it 
provides for 600 feet of wire rope. 


SECTION III 


The consumption of air is based on the assump¬ 
tion that the engine is of the plain slide valve 
pattern, of good construction and in good condition, 
and that it is loaded to nearly or quite full capacity. 
It should be remembered that the table gives the 
consumption of air while the engine is actually in 
motion. In estimating the consumption per hour, 
allowance should be made for the time that the 
engine stands idle. If the compressor is a large 
one, doing other work—drilling, pumping, etc.— 
the compressor capacity should be based on the 
hourly consumption in which allowance is made for 
the time the hoist stands idle, but if the compressor 
is driving the hoist alone, it is advisable to consider 
the hoist as running continuously (whether it 
really is or not) and figure the compressor on that 
basis. For a balanced hoist use only the unbal¬ 
anced load in applying this rule. If the engine is 
not loaded to its full capacity, the air being throt¬ 
tled, it will require more air to do the same work. 
Decreasing the speed of hoisting will diminish the 
power developed and the air consumed per minute, 
but as the time of hoisting is thereby lengthened, 
the air consumed per hoist will remain unchanged. 
Increased speed will give a corresponding result. 


■mTlFIOnUI TO BB V8BS FOB TBABSFOBlflBO TOB- 
maii OF OOMFBBSSBB AIB AT VABIOVS FBB8- 
SUBBS ZBTO OOBBBBFOBSIBO TOBTrilBB OF 
FBBB ABI AT ATMOBFKBBIO FBBBBUBB 
OF 14 7 POUBBB 


Pressure, Lbs. | 

Multiplier 

Pressure, Lbs. 

Multiplier 

Pressure, Lbs. 

L* 

3 

Pressure, Lbs. 

Multiplier 

Pressure, Lbs. 

Multiplier 

1 

1.0680271 

26 

1 2.7686021 

1 

4.469377) 

II 76 

) 6.170062) 

101 

7.870727 

2 

1.136054 

27 

2.836729 

52 

4.537404) 

|1 77 ; 

6.238079 

102 

7.938764 

3 

1.204081 

28 

2.90476611 53 

4.605431) 

! 78 

1 6.3061061 

103 

8.006781 

4 

1.272108 

29 

1 2.9727831) 64 

4.673458 

1 791 

1 6.374133) 

104 

8.074808 

5 

1.340135 

1 30| 

1 3.0408101 55 

1 4.741486)1 80) 

1 6.442160) 

105 

8.142836 

61 1.408162 

1 31 

' 3.1088371) 56 

1 4.8095121) 81 

1 6.610187) 

106 

8.210862 

7| 

1.4761891 

1 32 

3.176864)1 57 ; 

4.87753911 82) 

6.6782141 

107) 

8.278889 

8 

1.544216 

33 

! 3.24489111 58 

1 4.945566 

; 831 

6.6462411 

108 

8.346916 

9 

1.612243 

34 

1 3.31291811 59 

5.013593 

1 84 

6.714268) 

109 

8.414943 

10| 

1.680270 

35 

1 3.380945 1 60 

1 5.081620 

; 85i 

6.782296 

110 

8.482970 

11 

1.748297 

36 

1 3.448972) 

I 61 

1 6.149647 

1 86 

6.860322 



12 

1.816324 

37 

3.5169991 

j 62 

6.217674; 

1 87 

6.918349 



13 

1.884351 

38 

3.5850261 

1 63 

6.285701) 

1 88 

6.986376 



14 

1.952378 

39 

3.6530531 

1 64 

5.353728; 

1 89 

7.064403 


+ 

15 

2.020405 

40 

3.721080 

: 651 

1 5.421755) 

1 90 

7.122430 

d 

<D U 

16 

2.0884321 

41 

1 3.7891071 661 

) 5.4897821 

1 91 

7.190457 

3 

U « 

3 —< 

17 

2.166459 

42 

1 3.8571341 

; 67 

5.557809) 

1 92 

7.258484 

p 

w 'a 

18 

2.224486 

1 43 

[ 3.9251611 

1 58 

6.625836 

1 93 

7.326511 

a 

Q 

00 .? 

19 

2.292513 

44 

3.993188) 

69 

5.693863 

1 94 

7.394538 


U *3 

20 

2.360540 

46 

4.061215 

70 

5.761890 

1 95 

7.462565 



21 

2.428567 

46 

4.129242 

71 

5.829917) 

) 96 

7.530692 


X ^ 

22 

2.496594 

47 

4.1972691 72 

5.8979441 

1 97. 

,7.598619 


jt^ll 

23 

2.564621 

48 

1 4.266296 

1 73 

1 5.965971) 

98l 

7.666646 



24 

1 2.632648 

49 

4.333323( 

1 74 

6.0339981 

1 99| 

7.734673 



25 

2.700675 

t 1 

50 

1 

4.401350 

1 75 

1 

6.102025| 

) 100 

1 1 

7.802700 




Atm. Press. 14.7 pounds = 30" Barom. Press. Temp. 60* P. 


EFFBOT OF ZVXTZAE OK ZKTAJCE TBMBFKATUKB OK 
EFFICIENOT AKE OAFACITY OF AZK 00imE880K8 
irnit C*iMuslt 7 anA Ellloienoy Aisumad at 60* F. 


Initial Tem¬ 
perature 

! Relative 

I Cai)acities 
and Effi- 1 
' ciencies 1 

1 ) 

I) 
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THE BROWNELL COMPANY. 


BOILERS AND ENGINES, 


THE BROWNELL COMPANY 

DAYTON. OHIO 

ESTABLISHED 1865 

SALES REPRESENTATIVES IN ALL SECTIONS OF THE COUNTRY 
* Manufacturers of 


Engines^ Boilers^ Feed Water Heaters, and Tanks 


Products 

Boaers—Horizontal Return Tubular; Locomo¬ 
tive Type Portable; Vertical Tubular; Scotch; 
Brickset Firebox Heating; Return Flue Portable 
Heating; Oil Country. 

Engines—^Automatic; Throttling; Fan; Vari¬ 
able Speed Duplex; Constant Speed; Oil Country 
Drilling. 

Feed Water Heaters—Open; Closed; Tower. 

Tanks—^Pressure; Storage; and Special Sheet 
Metal Work. 



Brownell Boilers 

The Brownell Company, with its sixty-six years 
of experience gained in the continuous design and 
construction of boilers and engines and its policy to 
make only the best, manufactures a complete line 
of high grade boilers for power and heating pur¬ 
poses. The design, material and workmanship are 
always consistent with the Company's enviable rep¬ 
utation and policy. 'The boilers are built according 


Horizontal Return Tubular Boiler Bricked in— 
Steel Suspension Setting: 


to the A. S. M. E. Boiler Code or the laws of the 
various states and municipalities, and to pass the 
most rigid inspection requirements. 


Horizontal Return 'Tubular Boilers 

'This line of power boilers, particularly adapted 
to mining requirements, are built in units from 15 
to 260 H. P. for working pressures up to 160 lbs. 
Details of the bare boilers together with various 
types of settings and fronts are found in Bulletin 
&1. Steel casing settings, especially economical, 
which minimize heat losses and maintenance costs, 
are iUustrated and described in Bulletin B-4. 



Locomotive Type Portable Boiler on Skids 


Locomotive Type Portable Boilers 

For construction work or for any purpose which 
requires a high class boiler which is movable. The 
Brownell Company builds Locomotive Type Port¬ 
able Boilers. The horse power ratings vary from 
16 to 150, for pressures up to 160 lbs. Boilers not 
larsrer than 60 H. P. can mounted on wheels for 
easy transportation. Send for Bulletin B-2 for 
specifications. 

Feed Water Heaters 

'The Brownell Company manufactures Open Feed 
Water Heaters ranging in sizes from 60 to 1600 
H. P.; Closed Heaters in sizes from 36 to 1000 H. P.; 
and Tower Heaters in any required size. For de¬ 
tails refer to Bulletin H-1. 

Brownell Side Crank Steam Engines 

Some of our early engines are still in operation 
after thirty and forty years of hard service. 'This 
is proof of the quality of Brownell engines, and 
those built today are constructed to maintain the 
reputation already gained. 


/ 


Enclosed Self-Olllng Automatic Engine 

Enclosed Self-Oiling Automatic 
Engines 

These engines are arranged for 
direct connection to generators from 
40 to 200 K. W. For description 
refer to Bulletin E-1. 

Vertical En¬ 
closed Self- 
Oiling Engines 

These en¬ 
gines are built 
with either 
automatic o r 
throttling type 
of governor for 
direct connec¬ 
tion or belt 
drive. The en¬ 
gine is equip¬ 
ped with an oil 
pump and sep¬ 
arator which 
insures excel¬ 
lent lubrication 
with minimum 

Vertical Enclosed Self-Oilina Engrine Direct care. Sei^ for 
Connected to Centrifuaiu Pump Bulletin E-7. 
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EDGE MOOR IRON COMPANY. 


EDGE MOOR IRON COMPANY 

EDGE MOOR. DEL. 

79 Milk St. Ill Broadway 309 Oliver Bldjr. 1549 Otis Bldp. 4th and Wacoiita Sts. 1100 Realty Bldg. 

BOSTON, MASS. NEW YORK CITY PITTSBURGH, PA. CHICAGO. ILL.. ST. PAUL. MINN. CHARLOTTE, N. C. 

Designers and Builders of * 

The Edge Moor Water Tube Boiler 



Unrestricted Header and Drum Connection 


A distinctive feature of the Edge Moor Boiler 
is the extension of the headers, at full width, well 
above the drums. Contrary to the usual construc¬ 
tion, the drums enter the headers with full area 
connection, thus providing a much larger throat, 
as shown in the illustration at the right. 


Built-Up Headers 

Just as a cable built up of strands of small wire 
is superior to a solid wire of the same diameter, so 
are built-up boiler headers far stronger and more 
reliable than those cast or forged in a single piece. 
For this reason, all headers used in Edge Moor 
Boilers are of built-up-construction. 


Unique Method of Attaching Drums to Headers 
The drums of Edge Moor Boilers are effectively 
attached to headers through the bulge plates by 


All-Steel Construction 


The Edge Moor Boiler, exclusive of 
handhole plates, is strictly an all-steel 
boiler. Handhole plates are furnished 
of forged steel or of cast iron of special 
construction which is approved under the A. S. M. 
E. Code. In no other part is cast iron used. 


eight steel bolts, 2iV' in diameter, 
anchored through steel U-plates riveted 
to inside of drum (see illustration). 
Joint in header plate is made perma¬ 
nently tight by an annealed copper 


Drum.s Enter Header.s with 
Full Area Connection. 


Edge Moor Water Tube Boilers are 
built to specifications which exceed the 
requirements of the A. S. M. E. Code, 
for high-pressure service. 



Note Header Con.struction, Horizontal Drums, Straight. In¬ 
clined Tubes, and Efflcient Cross Baffling 


cone-nut which is drawn into conical hole in plate 
by screwing up on outside nut before stay bolt is 
anchored. 

All Handholes Elliptical 

Every handhole in the Edge Moor Boiler is ellip¬ 
tical, thus making it possible to pass every cover 
through its own handhole, instead of from one hole 
to another, as must be done with most boilers. 

This Edge Moor feature considerably reduces 
the cost of labor when opening and closing boiler 
for cleaning or inspection. 

Varied Types of Baffling 

The baffling in Edge Moor Boilers can be sup¬ 
plied in a variety of combinations to meet individ¬ 
ual conditions, and for use with any type of stoking 
or combustion device. We will gladly co-operate 
with you in jointly working out the best arrange¬ 
ment for any particular installation. 

Waste Heat Boilers 

For the utilization of waste gases this company 
has developed an adaptation of its standard boiler, 
which contains all the special Edge Moor features. 
This boiler, operated in connection with coke ovens, 
provides an effective means of utilizing waste 
heat. 
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THE WALSH & WEIDNER BOILER COMPANY. 


BOILERS. 1^5 


The Walsh & Weidner Boiler Company 

Factory and General Offices 
CHATTANOOGA, TENNESSEE 
Branch Sales Offices 

NEW.YOKK NEW ORLEANS SAN FRANCISCO JACKSONVILLE 

HAVANA MEMPHIS KANSAS CITY CHICAGO 

Manufacturers of 

Boilers, Tanks and Towers, Storage Tanks, Structural Steel and 

Steel Plate Work of All Descriptions 


Products 

Walsh & Weidner Horizontal Return Tubular 
Boiler; Water Tube Boilers of all types; Storage 
and Pressure Tanks; Towers and Tanks; Struc* 
tural Steel Work. 

Also Inclined, Horizontal and Cross Drum 
Water Tube Boilers; Internal Furnace Locomotive 
Type Portable Boilers; Vertical Tubular Boilers; 
Standpipes; Smokestadcs; Steel Breechings; Plate 
Steel Work. 

Return Tabular Boilers 

Walsh & Weidner Return Tubular Boilers are 
built in one of the largest and most modem plants, 
by the best of skilled labor, in accordance with the 



Walsh & Weidner Steel Casing Setting 


most modem practice, and are designed to suit the 
peculiar needs and conditions under which they 
operate. All boilers are built to conform to the 



Sectional View of Casing Showing Barrel and Drop 
Combustion Chamber 


requirements of the American Society Mechanical 
Engineers Code, and under the personal super¬ 
vision of a Hartford Steam Boiler Inspection and 
Insurance Company Inspector. 
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steel Casings 

Steel Casings are big money savers for either 
Return Tubular or Water Tube boiler settings. 
They not only cut down to the minimum the air 
leakage, but reduce the total boiler floor space and 
make a much neater and cleaner installation, in¬ 
creasing for many years the life of the boiler 
setting and at the same time decreasing the main¬ 
tenance expense. 

Water Tube Boilers 

The layout of the tubes and inclined baffies 
used in the Walsh & Weidner Water Tube Boilers 
insures positive circulation and makes the heating 
surface operative. This results in a boiler that can 



Walsh & Weidner Inclined Drum Water Tube Boiler 


be operated at 250 to 300% normal rating, if fuels 
and stokers are properly installed with minimum 
draft losses. Boilers and Furnaces are designed 
for all conditions and classes of fuel. 

Plate and Structural Work 

This company is especially well prepared to 
furnish and erect tanks, plate steel and stmctural 
steel work of any description, and maintains a large 
experienced erection force prepared to erect ma¬ 
terial of this kind in any part of the country. A 
large efficient corps of engineers capable of desifipi- 
ing and preparing plans are always at your service. 

Catalogs 

Specialized booklets covering boilers and tanks 
gladly sent on request. 
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INSULATING BRICK AND CEMENT. 


CELITE PRODUCTS COMPANY. 


CELITE PRODUCTS COMPANY 


NEW YORK 
11 Broadway 


Boston.79 Milk Street 

Cincinnati.Union Central Bldg. 

Denver.Symes Bldg. 


CHICAGO 
Monadnock Bldg. 


Los Angeles.Van Nuys Bldg. 

New Orleans, Whitney Central Bk. Bldg. 

Philadelphia.Bulletin Bldg. 

St. Louis.Railway Exchange Bldg. 


SAN FRANCISCO 
Monadnock Bldg. 


Buffalo.Mutual Life Bldg. 

Cleveland...Bulkley Bldg. 

Detroit.Book Bldg. 


Products ^ -It makes possible more accurate control 

Sil-O-Cel Brick, Block, Powder and Ce- of temperature, 

ments for heat insulation. Celite High l\ It protects the outer shells from tem- 

Temperature Cements for laying, facing / ? I strains, 

and patching fire brick settings. l If improves working conditions. 


General Description 

Sil-O-Cel Insulation prevents heat loss 
due to the radiation of heat through the walls, set-, 
tings and tops of all types of heated equipment. It 
is used as an insulating backing for the refractory 
lining and is laid up between the fire brick and 
outer walls. 

Tests of the insulating value of Sil-O-Cel prove 
it to be less than one-tenth as conductive as fire 
brick, inch for inch. It is unaffected by tempera¬ 
tures which completely destroy other forms of in¬ 
sulation and where necessary can be supplied in 
forms which withstand direct heats of 2200° F. 
Sil-O-Cel does not melt until 2930° F.; it is suf¬ 
ficiently compressible and elastic to take up the 
strains due to expansion and contraction; it will not 
fuse, settle or shrink when placed against the 
highly heated refractory lining. 



Sil-O-Cel Brick Insulation Construction of Boilers 


Advantages 

Sil-O-Cel Insulation prevents heat waste and 
reduces fuel consumption. 

It increases output by making productive the 
heat which is ordinarily lost in uninsulated equip¬ 
ment. 

It secures a more uniform distribution of tem¬ 
perature. 


Boiler Insulation 

The efficiency of a boiler depends on the 
differential temperature between the water in the 
boiler and flue gases and the amount of radiant 
energy given off by the fuel bed and luminous 
fiames. The amount of heat radiated from a boiler 
setting is usually given by authorities as small and 
is, therefore, many times disregarded. The actual 
loss, however, is high, since the loss of heat lowers 
the differential temperature and hence the boiler 
efficiency, because heat cannot be absorbed effec¬ 
tively from boiler flue gases which are colder than 
from 500° to 600° F. Radiant energy is absorbed 
most readily by the boiler, since it requires no ma¬ 
terial agency for its propagation and does not 
depend on convection; but this radiant energy is 
absorbed by the brick work as well as the boiler 
and is lost by radiation from the settings, unless 
measures are taken to prevent it. 
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Diagrram Showing Heat Flow and Fuel Loss Through 
Insulated and Uninsulated Walls 

Tests of Insulation Savings 

Tests of insulated and uninsulated equipment prove the 
saving secured through Sil-O-Cel. With an internal tem¬ 
perature of 2,000 degrees F. and a room temperature of 100 
degrees F. the exterior of an uninsulated wall showed a tem¬ 
perature, of 400 degrees, whereas the temperature of the ex¬ 
terior of the insulated wall was only 210 degrees. 

This difference of 190 degrees corresponds to a saving 
through Sil-O-Cel insulation of 31.7 poimds of coal, 2.6 gal¬ 
lons of oil, of 634 cubic feet of natural gas for each thousand 
square feet of radiating surface each hour. 

Engineering Service 

An engineering department is maintained for the purpose 
of providing additional data on any specific heat insulating 
problem which may confront you, and the services of our 
technical staff are available at all times without cost or 
obligation. Address the nearest office, given above. 
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QUIGLEY FURNACE SPECIALTIES CO., INC. 


INSULATING BRICK AND CEMENT. Jgy 


Quigley Furnace Specialties Company, Inc. 

General Offices: 26 Cortlandt Street, NEW YORK, N. Y. 


BraBoh Oflloes 

CHICAGO 
105 W. Monroe St. 

PHILADELPHIA 
638 Heal Estate Trust Bldg. 


Factories 

JAMAICA, N. Y., FREDERICKSBURG, VA. 
Distributors for Pittsburgh District—Colonial Supply Co. 
Representatives in 64 Cities In the United States 
and Canada 


Cable Address: 

“QUIGLECO” 

Code Used: 

WESTERN UNION, 5 LETTER 


Products 

Hytempite—A Refractory Cement for bonding' 
silica and fire clay brick, and for kindred uses. 

Carbosand—A highly Refractory Granular Ma¬ 
terial for making rammed-in linings, special tile, 
patches and repairs in furnace structures. 

High Temperature Insulation—^Made in Brick, 
Block, Powder and Cement Form for retarding heat 
flow through boiler and furnace walls, stills, ovens 
and similar equipment. 

Hytempite 

A high temperature furnace cement which 
forms a lasting union between materials to be 



Hytempite for Boiler Hytempite for Cupolas 

Settings and Ladles 


joined. It sets at normal temperatures and retains 
its strength up to temperatures at which the best 
quality of brick loses its strength and becomes soft. 



Forms in Place, Reverberatory 
Smelting Furnace, Ready 
for Lining 



Ramming-in Lining, Smelting 
Furnace 



Hytempite, when used in place of fire clay for 
laying up brickwork, greatly adds to the life of the 
structure. 

It is successfully used for furnace and boiler 
settings and repairs; for setting tile, retorts, oil 

stills; lining metal 
melting furnaces, pit 
furnaces, open ^me 
melting furnaces, 
foundry cupolas and 
ladles, and as a core 
wash. 

Tests have 
proven that 
Hytempite ' 
used as a bind¬ 
er, when air- 
S 0 ti forms R 

Laying Up Furnace Lining with Hytempite g|;rong 

as the refractory material united, and that the 
strength is not impaired but increased by the action 
of heat. This property makes a wall or structure 



impossible to obtain with fire clay, or other mate¬ 
rials which depend on heat to effect a bond or vitri¬ 
fication. 

Hytempite with¬ 
stands the cutting ac¬ 


tion of flames and is 
especially recommended 
for oil furnaces where 
the gases are usually of 
high velocity. 

Hytempite can be 
used as a coating or 
wash, or to smoothen 
and harden the surface 
of a furnace lining to 
protect it from abrasion, 

H 3 d;empite can be us 
tile are used. 


Mixing Refractory Materials 
with Hytempite for 
Rammed-in Linings 

etc. 

id wherever fire brick or 


Carbosand 



A highly refractory fire sand made in the elec¬ 
tric furnace by fusing 
at high temperature a 
mixture of natural sil¬ 
ica in its purest form 
and petroleum coke. 

Ovjng to its highly re¬ 
fractory nature it is an 
ideal material for use 
where the scouring ac¬ 
tion or flame or hot 
gases attack a lining. 

It is used for m^- 
ing rammed-in linings, 
special shapes, tile and repairs, and for surfacing 
walls of furnaces or other structures subject to 
severe flame action. 


Patching Boiler Settings 



Furnace door repaired with 

Hytempite. Standard Size Insulbrix 


High Temperature Insulation 

These products possess exceptional heat insulating quali¬ 
ties and are specially adapted for heat conservation at high 
temperatures. 

Standard Insulbrix—9x4%x2% in.; weight approximately 
2 % lb., or about one-third the weight of ordinary fire brick. 
The conductivity of Insulbrix is extremely low: 1 in. of 
Insulbrix being equal in insulating value to six to ten times 
the same thickness of fire brick or red brick, depending on 
conditions such as furnace temperature, conductivity of other 
brick, etc. They have high heat resisting qualities, their 
fusing point being over 2900® without shrinkage at 1750® P. 
(Even as high as 2000® F. the shrinkage is extremely small.) 
Crushing strength over 500 lb. to the sq. in. Used as an 
insulating course in boiler settings, furnaces, kilns, ovens or 
other structures where the conservation of heat and uniform 
temperature are desired. 
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158 SOFTENERS. 


THE PERMUTIT COMPANY, 


THE PERMUTIT COMPANY 

440 Fourth Avenue NEW YORK N Y 


BRANCH 


Albany, N. Y.310 Journal Company Building 

Boston, Mass.10 Milk Street 

Buffalo, N. Y.304 Brisbane Building 

Chattanooga, Tenn.435 Vounteer Life Building 

Chicago, Ill.208 So. LaSalle Street 


OFFICES 


Kansas City, Mo.401 Lathrop Building 

Los Angeles, Cal.40% Wrlght-Callender Building 

Minneapolis. Minni.1046 McKnight Building 

Pittsburgh. Pa.921 Union Arcade 

Philadelphia, Pa.311 Wldener Building 


AGENTS 

St. Louis. Mo.—Reeves & Skinner Machinery Co., 
2211 Olive Street. 

Hamilton, Ontario. Canada—W. J. Westaway, Main 
& McNab Sts. 

Montreal, Quebec. Canada—W. J. Westaway, 400 
McGill Building. 



AGENTS 

Vancouver, B. C., Canada—Engineering Corp.. Ltd., 
Suite 903 Rogers Building. 

Winnipeg, Manitoba, Canada—Stanley Brock. Ltd. 
Calgary, Alberta, Canada—Stanley Brock, Ltd. 


Products 

A complete line of water rectification apparatus, 
including: Iron Removal Apparatus; Sulphur and 
Manganese Removal Apparatus; Water Softeners 
of Zeolite, Lime-Soda, and Heater Types; Filters 
and Filtration Equipment, Pressure and Gravity 
Types; Oil Removal Filters. 

“Permutit” Zeolite Water Softeners 

These are guaranteed to produce water of zero¬ 
hardness uniformly, regardless of the original hard¬ 
ness of the water or of variations in its hardness. 
No chemicals are used, and over-treatment or under¬ 
treatment is absolutely avoided. When the appa¬ 
ratus has delivered its guaranteed capacity of soft 
water, it is regenerated, i.e., restored to its original 
condition ready for further service, by treatment 
with a solution of common salt. 



Arrangement of Two Permutit Zeolite Water Softeners 
for Continuou.s Twenty-four Hour Service 

“Permutit” softened water for boiler feed absolutely pre¬ 
vents scale, keeps boilers clean all the time, eliminates 
boiler cleaning, reduces repair and replacement costs, saves 
labor, lowers fuel consumption, dispenses with reserve boil¬ 
ers, and gives a larger overload capacity. 

“Permutit” Iron Removal Apparatus 

This may be either of pressure or gravity type, and may 
use either chemical or mechanical processes, as the condi¬ 
tions of each problem demand. Each equipment is specially 
designed to satisfy the local requirements in every particular. 

The exceptional results secured are due: to extreme care 
in the preliminary investigation of the chemical and physical 
factors involved; second, to the specific design of the appa¬ 
ratus in accordance with the factors revealed by investiga¬ 
tion. “Permutit” apparatus is simple and rugged in con¬ 
struction, easily operated and maintained, and absolutely 
certain in its results. It embodies the results of a wide and 
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diversified experience, and has been developed to a point 
where iron removal is complete. The automatic delivery of 
water free from iron is guaranteed. 

“Permutit” Lime-Soda Water Softeners 

These are made in both continuous and intermittent 
types, and in any capacity desired. They embody every 
recent improvement in apparatus working under the prin¬ 
ciple of softening by precipitation, and produce the maximum 
results possible to be had by this system of water softening. 


# 



A Permutit Steel Continuous Lime-Soda 
Water Softener of the Top Mixing Top 
Operated Type, With Internal Quartz Clari¬ 
fying Filters. 

“Permutit” Sulphur and Manganese Removal Apparatus 

This consists of a high-grade equipment designed for 
specific operating conditions with a view to securing assured 
results at minimum cost. Painstaking preliminary investi¬ 
gation is the basis of subsequent design that will properly 
care for every physical and chemical condition involved. 

“Permutit” Filters and Filtration Equipment 

This is supplied in both pressure and gravity tyj^s, with 
or without chemical feed, and in any capacity desired. A 
special feature is the minimizing of operating and main¬ 
tenance costs. 

Guarantees 

With each “Permutit” installation goes a positive guar¬ 
antee of results in accordance with the requirements of the 
specifications under which the order is placed. 

Service 

A competent and experienced staff of engineers and 
chemists is ready to study any problem in water rectification, 
and to recommend apparatus and processes. Inquiries are 
welcomed and will receive prompt attention. 
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WM. B. SCAIFE & SONS COMPANY. 


WATER SOFTENERS. 


WM. 


SCAIFE & SONS COMPANY 


FOUNDED 1802 


PITTSBURGH, PA. 

Executive Offices and Laboratory—Oakmont, Pa. 


First Nat’l Bank Bldg., 
CHICAGO, ILL. 


Scaife Water Softening, and Purifying Systems 
Our water softening and purifying systems are 
designed to meet the specific requirements in each 
case. 

Scaife FUters and Filter Systems 

Our Gravity Filter installations are designed 
with special reference to simple and accurate oper¬ 
ating control. Our Pressure Filters include several 
types from which we can make selections for 
specific purposes. 

*^6 We-Fu-Go Softening and FUtering System 
Measured quantities of water are treated in this 
system with accurately determined weights of 
reagents separately applied, so that the utmost 
accuracy in softening and purification is constantly 
maintained in water from any source by very sim¬ 
ple tests that can be made by anyone of ordinary 
intelligence. 










26 Cortlandt Street, 
NEW YORK, N. Y. 


The Siphon Continuous Soft¬ 
ening System 
An automatic continuous 
system not dependent upon 
moving mechanical devices for 
reagent introduction. The 
water entering the system 
flows into a receiving tank to 
which is connected a siphon, 
into the long leg of which are 
connected small siphons which 
introduce the reagents in di¬ 
rect proportion to the 
discharge of the main 
siphon. This system 
; can be arranged to 
operate from the 
ground or on top, and 
Siphon Continuous Softening Can be modified for 
System (Patented) Special requirements. 

Three other standard continuous softening sys¬ 
tems are built and special systems are designed 
when required. 

Scaife Gravity Filters 

These filters are of the open tank type, built for 
any desired capacity. A complete Gravity Filter 
System includes an automatic coagulant feeding 
device, sedimentation tank, filter completely equip¬ 
ped, and in special cases for potable water, the 
necessary apparatus for sterilizing. 


We-Fu-Go Softenin§r and Filtering Sy.«;tPra iFaienved) 

This system neutralizes all acids, removes all 
iron, oil and grease. It softens to a definite stand¬ 
ard and perfectly clarifies the water. The combined 
storage in the reaction-settling tanks and in the 
clear well of the system insures a constant supply 
of purified water for varying demands without 
affecting the softening and purifying process. 

This system is free from complicated mechan¬ 
isms or adjustments. It meets every requirement 
for the effective softening and clarification of water 
for domestic use, or for steam generation and any 
industrial purpose. 

Scaife Pressure Filers 
These filters are de¬ 
signed to operate with 
water under pressure. 
They are usually built 
vertical in sizes up to 
96 inches in diameter; 
but for large capacities 
, they are built hori- 
__ __ > zontal. 

They are suitable 

Scaife Pressure Filter (Patented) 

for use where space is 
limited. They are adapted for the clarification of 
water for dwellings or offices, for swimming pools, 
and for many industrial uses. 



Scaife Gravity Filter (Patented) 

The coagulant and other reagents are intro¬ 
duced automatically and proportionally by the in¬ 
flowing water without the manipulation of valves. 
The starting and stopping of the flow of water also 
starts and stops treatment. These filter systems 
are practically foolproof and do not require expert 
supervision. 

References 

Atlas Portland Cement Co., New Y'ork. N. Y. 

Bessemer Limestone & Cement Co., Youngstown, Ohio. 

Crescent Portland Cement Co.. Wampum, Pa. 

Pittsburgh Plate Glass Co., Pittsburgh, Pa., 4 systems. 

Marble Cliff Quarries Co., Columbus, Ohio. 

Jones & Laughlin Steel Co., Pittsburgh, Pa., 4 systems. 

U. S. Metals Refining Co., Carteret, N. J. 

Pickands Mather & Co., Cleveland, Ohio. 4 systems. 

American Encaustic Tiling Co., Zanesville, Ohio. 

McKinney Steel Co., Cleveland, Ohio, 3 systems. 

Youngstown Sheet & Tube Co.. Youngstown, Ohio. 

Republic Iron & Steel Co., Youngstown, Ohio. 

Consolidation Coal Co., Fairmont, W. Va., 6 systems. 

Weirton Steel Co., Weirton, W. Va., 2 systems. 

W. J. Rainey, Uniontown, Pa., 4 systems. 


IKaxnbor -of Associated Xanafactarers of Water Purifying Equipment 
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STEAM TURBINES. 


DE LAVAL STEAM TURBINE COMPANY. 


DE LAVAL STEAM TURBINE CO. 

TRENTON, N. J. 

Local Offices 

Boston Chicago Charlotte Seattle 

New York Duluth Atlanta San Francisco 

Philadelphia Kansas City Birmingham Los Angeles 

Pittsburgh Denver New Orleans Montreal 

Indianapolis Salt Lake City Dallas Toronto 

_ Vancouver 




Products 

The De Laval Steam Turbine Company builds Steam 
Turbines in capacities up to 16,000 H. P., and for all steam 
conditions; also De Laval Double-helical Gears for all speed 
ratios up to 25 to 1 in one step; De Laval Centrifugal 
Blowers and Compressors, single and multi-stage, for all 
volumes and for pressures up to 125 lbs. per sq. in.; and 
De Laval Centrifugal Pumps, horizontal and vertical, single 
and multi-stage, for all heads and capacities. 

De Laval Centrifugal Pumps 

De Laval Centrifugal Pumps for mine service are char¬ 
acterized by conservative speeds, high-class materials, con¬ 
struction on a limit-gage, interchangeable basis, guaranteed 
efficiency and capacity and a comprehensive system of test¬ 
ing, by which the fulfillment of these guarantees is demon¬ 
strated and the proper operation of the pump insured before 
it leaves our works. 

De Laval Centrifugal Pumps require little or no founda¬ 
tions and do not produce vibration or pulsation in pipe lines, 
involve little cost for installation and are easily controlled 
from a distant point. Due to their low starting torque, they 
are easily arranged to be self-starting with either alternat¬ 
ing or direct current motors. There are no valves or pack¬ 
ings to be cut out by acidulous water nor by grit or other 
foreign matter. 

De Laval Pumps are also directly connected to steam 
turbines. In larger sizes the De Laval Double-helical Speed- 
reducing Gear is employed, so that both turbine and pump 
can run at the speeds respectively most favorable to effi¬ 
ciency, thus giving the highest duties and the lowest cost 
for handling water, including capital, maintenance and oper¬ 
ating charges. 

Well Known Mining Companies Using De Laval Centrifugal 
Pumps 

Interaational Nickel Co. Aluminum Cmnpany of America American Smeltinn Ic Be- 

Calumet and Hecla Co. Erlttania Mining & Smelting flning Co. 

Raritan Copper Co. Co. Garfield Smelting Co. 

Granby Mining. Smelting ft Illinois Zinc Co. American Stneltlng Securities 

Power Co. U. S. Aluminum Co. Co, 

Corrigan ft McKinney Co. Canadian Co^wr Co. American Zinc Co. 

Mining Corporation of Canada Olirer Iron and Mining Co. Steptoe Valley Mining ft 

Dominion Iron ft Steel Co. of New Jersey Zinc Co. Smelting Co. 

Canada Northwestern Iron Co. Cobalt Reduction Co. 

U. 8. Steel Corp. Newport Mining Co. Michigan Copper Btining Co. 

U. 8. Metal Refining Co. Guyana Mills Iron Co. 

The casing is split horizontally, the suction and discharge 
connections and the bearing supports being included in the 
lower part. The casing cover can be lifted off without dis¬ 
turbing piping connections, giving access at once to all 
internal parts and permitting them to be lifted out after 
removing the bearing caps. 

The design, workmanship and materials embodied in De 


pe Laval Pumps, as they deteriorate rapidly, and we have 
developed other diffusion means of greater efficiency to which 
this objection does not apply. 

The supplying of finished repair parte, made to accurate 
dimensions so that they can be put into a pump without requlr- 
Ing to be fitted, is part of the service which the De Laval Steam 
Turbine Co. gives the purchaser, due to its system of manufac¬ 
turing parts to standard limit-gages. Each part is marked with 
a symbol number so that the Identiflcation and ordering of parts 
is easy and the De Laval stock room permits shipment from 
stock in most instances. 

State your requirements of service so that our Engineering 
Department can specify the most suitable type of power, 
jjumplng or air compressing equipment. Ask for special pub- 


De Laval Multi- 
Stage Pump with cas¬ 
ing cover removed. 




De Laval Cen¬ 
trifugal Circulating 
Pump driven by 
geared steam tur¬ 
bine, 6500 g.p.m.. 25 
feet head. 


Turbine-Driven 
Boiler Peed Pump. 
1200 g.p.m. 900 
feet head at 1750 
r.p.m. 


De Laval 4-inch 
Five - Stage Pump 
driven by induction 
motor. 500 g.p.m., 

600 feet head, 1450 
r.p.m. 




Wearing Kings used to prevent leakage of water from the 
discharge to the suction chamber in De Laval Centrifugal 
Pump. The larger ring is held stationary in a recess formed in 
the pump casing and cover, while the smaller ring is fastened 
to the impeller. 


Direct-Current Generator driven by De Laval 
Geared Steam Turbine, 1250 K. W. 


Laval Pumps are such that the original high efllclency is main¬ 
tained for a long period. The metals used for impellers, wear¬ 
ing rings, shaft sleeves, and similar parts subject to corrosion 
are the best obtainable. The De Laval Iiabyriiitli Wearing Bblng 
assists materially in maintaining the original efficiency, as it 
does not require small clearances in order to prevent excessive 
leakage and does not wear or cut away so rapidly as do flat 
wearing rings. Similarly, diffusion vanes are not used in 


De Laval Turbine- 
Driven Multi - Stage 
Compressor; 14,650 cu. 
ft. per min., from 10 
inch water column 
vacuum to 8 lbs. per 
sq. in. gage. 
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MOORE STEAM TURBINE CORPORATION. 


STEAM TURBINES. ^0^ 


Moore Steam Turbine Corporation 

WELLSVILLE, N Y. 

Steam Turbines Reduction Gears 


Products 

Condensing and Non-Condensing, Single and 
Multi-Stage Steam Turbines in sizes from 6 H. P. 
to 1500 H. P. 

Double Helical Reduction Gears. 

Turbo-Alternator Units. 

D. C. Turbo-Generator Units. 

Geared and Direct Connected Turbo-Blowers 
for forced draft, etc. 

Turbo Pumps 

Geared Belted Turbines. 


3. Accessibility—secured by use of a horizon¬ 
tally split casing in all sizes. 

4. Emergency Governor—^furnished on all 
turbines. 

5. An Improved Type of Carbon Packing hav¬ 
ing the carbon rings encased in brass cases to pre¬ 
vent breakage. 

6. Moderate Speeds. 

7. An improved method of fixing the dia¬ 
phragms in the casing. 

8. Buckets made from cold drawn stock, hav¬ 
ing smooth working surfaces and perfect align¬ 
ment in the wheel. 


Moore Steam Turbines 

Have been developed to meet a demand for a 
highly efficient tsr^ of steam turbine. 

They are made in the single and multi-stage 
types. 


Points of Superiority 

1. • High efficiency—secured by the use of a 
velocity wheel, followed by single pressure stages. 

2. Low Steam Velocities—secured by mulli- 
stagirg. 


Double Helical Reduction Gears 

Moore Gears are cut on Gear Hobbing Machines 
of the latest and most approved type. These ma¬ 
chines have been specially designed to produce the 
highly accurate workmanship required to secure 
a satisfactory reduction gear for operation at high 
speeds such as are encountered in turbine work. 

The Gears are of the double helical or herring¬ 
bone type. A pressure angle of 20 degrees, and a 
helix angle of about 35 degrees is used. 

Our processes of manufacture and inspection 
of these gears are such as are necessary for the 
production of a strictly high-grade piece of mechan¬ 
ical apparatus. 



Typical Moore Geared Type Turbo-Alternator Unit with Direct Connected Exciter. Turbine is Equipped with Oil Relay 
and Emergrency Governors and Forced Feed Lubrication to Turbine and Gear Bearings. 

Our engineers are always prepared to go into your requirements in detail and give their advice and 
recommendations, in your interests, without placing you under any obligations whatever. 


UININQ CATALOG 
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STEAM TURBINES, 


THE TERRY STEAM TURBINE CO, 


THE TERRY STEAM TURBINE CO. 

Main Office and Works 

HARTFORD, CONN. 

BRANCH OFFICES AND AGENCIES IN PRINCIPAL CITIES 


Products 

Tenr Steam Turbines, condensing and non¬ 
condensing; Turbo-Generator Sets; Turbo-Pump 
Sets and Turbo-Blowers. 


Terry Turbines 

Are furnished separately or with driven appa¬ 
ratus in complete units with or without reduction 
gears. Turbine sets include all kinds of centrifugal 
pumps for every service, turbo-generators, alter¬ 
nating or direct current, for lighting or power pur¬ 
poses; induced draft fans, exhausters, turbo-com¬ 
pressors and forced draft fans. Over 8,000 Terry 
Turbines in operation. 

Capacities 

Horizontal Terry turbines are built in sizes from 
1 to 1,600 H. P.; vertical types up to 600 H. P. 

Description 

The aim in developing the Terry turbine has 
been toward perfection in design rather than mini¬ 
mum first cost. High operating efficiency, long life 

and low upkeep cost have 
been considered of more 
value than low price. The 
advisability of this policy is 
proved by the extensive use 
of Terry turbines in the ex¬ 
acting services of large cen¬ 
tral stations and ships of the 
U. S. Navy. The outstand¬ 
ing feature which makes the 
Te^ so simple and reliable 
is its principle of operation. 
Steam is distributed by a 
steam chest or steam ring to 
a series of nozzles. In these 
nozzles the steam is expand¬ 
ed from approximately boiler 
pressure to exhaust pressure. 
Issuing from the nozzle at high velocity it strikes 
the side of the steam bucket in which its direction 
is reversed 180®. As the initial impact absorbs 
only a part of the total energy, the jet of steam 
passes into a reversing chamber which returns it 
to the wheel bucket. This action is repeated 
several times until all of the available energy is 
utilized. 



Action of the steam 
in the Terry Turbines 
whereby the steam is re¬ 
turned to the wheel 
asrain and arain until all 
the available energry is 
utilized. 


Tubro-Generator Sets 


Built in sizes up to 750 K. W., condensing or non-con¬ 
densing, geared or direct connected, direct or alternating 

current. Non-condensing 


Fipr. 2. 150 K.W. Non-Con¬ 

densing Geared Turbo-Alternator. 


units are used extensively 
in plants requiring exhaust 
steam for commercial uses 
or heating; also used in 
the smaller sizes as auxil¬ 
iaries or night lighting 
sets. Condensing units 
are divided into three 



classes: Straight high pressure, mixed pressure and bleeder. 
The mixed pressure units are adaptable to plants having 

varying amounts of 
exhaust steam avail¬ 
able, the bleeder unit 
being used in plants 
where exhaust steam 
is required but not 
enough to warrant 
the use of a straight 
PrefaSre^Conde^ns^^Alfe^for non-condensing tur- 


Duplex Exciters 

These sets consist of an exciter-generator driven from 
one end by a motor 
and from the other 
end by a specially 
governed Terry tur¬ 
bine. The exciter or¬ 
dinarily is driven by 
the motor. Should the 
motor fail the turbine 
will automatically 
take hold without Duplex Exciter Unit. Used exten- 
causing appreciable Slvely because of reliability and adap- 
fluctuation in the ex- to automatic heat balance, 

citer voltage. These 

sets have met with marked success because of their in¬ 
herent reliability. 




Forced and Induced Draft 
Sets 

Fan units are usually in¬ 
stalled in objectionable loca¬ 
tions, often requiring very 
light foundations in places 
where they are subject to ex¬ 
cessive heat and dirt.^ The 


Induced Draft Pan. Small Terry turbine with its free- 
space and Jisht foun^tion dom from vibration, its abil- 
make It readily adaptable to nvpr Iona* 

plant conditions. ^ operate over long 

periods under adverse condi¬ 
tions without attention is particularly adaptable to this 
service. 


Turbo-Pump Sets 

Are adapted to 
all classes of service 
including boiler feed, 
condenser circulat¬ 
ing, hotwell, dredg¬ 
ing, fire protection 
service and general 
service. 



Geared Condenser Circulating Pump. 
We invite inquiries on complete pump¬ 
ing units for all classes of service. 



The Terry Gear. 
Horizontally split 
throughout, giving 
complete accessibility. 


Reduction Gears 

The teeth are cut by the most ac¬ 
curate methods and the lubricating 
system is unusual in the ample sup¬ 
ply of cool oil under pressure to the 
bearings. All Ter^ gears have 
forced feed lubrication, ring oiling 
not having been found satisfactory. 
Cooling is effected by large water 
chambers, cored in the walls of the 
gear case, doing away with risk of 
leakage where pipe coi ling coils 
are used. 

Experience gained in over eight 
thousand installations insures the 
purchaser against faulty workman¬ 
ship, material or design. 


Write or phone the nearest district office. 
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WORTHINGTON PUMP AND MACHINERY CORP. _ CONDENSERS AND PUMPS- -j 

Worthington Pump and Machinery Corporation 

Executive Offices 

115 Broadway, NEW YORK 

For List of Works and Offices, See Page 493 

Condensers and Auxiliaries^ Feed Water Heaters 


Products 

Surface Condensers; Jet Condensers; Baromet¬ 
ric Condensers; Circulating Pumps; Air Pumps; 
Vacuum Pumps; Ejectors; Boiler Feed Pumps; 
Pressure Pumps; Centrifugal Pumps; General 
Service Pumps; Feed Water Heaters and Purifiers. 
For other products see Pages 166, 167, 176, 463, 
493, 626 and 741. 

Worthington Standard Surface Condensers 

Cylindrical in form and fitted usually with un¬ 
tinned brass tubes passing through stuffing boxes, 
located in brass or muntz metal tube heads. 

Tube heads are carefully drilled and tapped, and 
receive threaded brass fer^es, which are provided 
with lip on the inside to prevent the tube from 
creeping, but desired to allow freedom for expan¬ 
sion and contraction, and for quick removal or re¬ 
packing of any tube in case of leakage. 



Standard Surface Condenser Mounted Over Combined 
Air and Circulating Pump 


Stuffing boxes are packed with lacing fibre fer¬ 
rules or wicking, as preferred. 

The tubes may be expanded into one or both of 
the tube heads where required. 

Hie steam enters the condenser shell, passing 
over the outside of the tubes through which cool¬ 
ing water is forced at suitable velocity; a deflecting 
plate is located in the shell near the exhaust open¬ 
ing to assist in distributing the steam over the 
entire tube surface, and added steam space is also 
provided at the top of the shell above the tube 
surface to assist in this distribution. The cooling 
water passes through the tubes two or three times, 
entering at the bottom and leaving at the top of 
the condenser, thus forming a counter-current con¬ 
denser as the exhaust enters the top of the 
condenser and the condensed steam is removed 


MINING CATALOG 


from the bottom of the shell. A single vacuum 
pump of the so-called wet type extracts both the 
steam and non-condensable vapors from the shell 
at this point. 

The circulating pump may be either direct- 
acting or centrifugal. 

Standard Condensers are built to withstand a 
hydraulic test pressure of 25 pounds per square 
inch in the water space. Condenser shell, water 
boxes, bonnets, round and flat heads are made of 
close-grained cast iron, suitably ribbed where 
necessary to provide a wide margin of safety for 
the pressures encountered. Ample provision is 
made for inspection through manholes and steam 
hole plates. 

Auxiliaries 

The Worthington line of auxiliaries for Stand¬ 
ard Surface Condensers is broad and complete. 

Where centrifugal pumps are desired to circu¬ 
late the water to surface condensers, the Worthing¬ 
ton line offers pumps of many designs. The split 
casing volute pump meets most requirements for 
quick accessibility, high speed, simple design and 
low maintenance cost. Where unusual nozzle posi¬ 
tions must be met on account of location or special 
drives must be utilized, special types of centrifugal 
pumps can be furnished, either vertical or hori¬ 
zontal. 

Vacuum Pumps may be furnished to handle 
both the air and non-condensable vapors and may 
be of various designs, vertical or horizontal. 



Motor-Driven B. S. Split Casing Centrifugal Pump 


Centrifugal Circulating Pumps are recom¬ 
mended to circulate water for high vacuum surface 
condensers. They may be arranged for steam tur¬ 
bine or motor drive. 

It is possible to vary the design of the impellers 
to permit the delivery of fixed quantity of water 
at varying pressures, or of varying quantities at a 
fixed pressure, or to combine the quantity, pres¬ 
sure and speed within a wide range. The style 
most favored for ordinary surface condenser work 
is the split casing type. 
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CONDENSERS. 


WORTHINGTON PUMP AND MACHINERY CORP. 


Vertical Shaft Pumps are used where the condi¬ 
tions are such that a horizontal pump cannot be 
placed within suction distance of the source of 
supply, such as in a deep well, or along the banks 
of a stream, where the difference in level between 
high and low water amounts to 20 or 30 feet. 

Hotwell Pumps are made in solid and split 
casing types. The solid casing permits the with¬ 
drawal of the impellers and shaft from the end 
without dismantling the pump; the split casing per¬ 
mits inspection and removal of rotors without dis¬ 
mantling the pump. These pumps can be fur¬ 
nished in either vertical or horizontal types. 

Dry Vacuum Pumps are built in the two-stage 
single cylinder type. This is distinctly a dry 
vacuum pump, no water whatever being used in¬ 
side the cylinders. This pump permits the selec¬ 
tion of a smaller pump than the earlier tjT)es of 
flywheel pumps. 

All of these pumps have the Laidlaw FEATHER 
Valve, (Reg. U. S. Pat. Off.) a description of which 
will be found on Page 160 in the Power Plant Sec¬ 
tion of this book. 


Worthington Hydraulic Vacuum Pump removes 
the air and non-condensable vapors from the con¬ 
denser by means of hurling, at a high velocity, jets 
of water approximately rectangular in cross sec¬ 
tion from a revolving wheel, the water jets rushing 
through the discharge cone and diffuser in the form 
of a helix, enclosing the vapors which enter around 
the rotary transforming wheel between the jets or 
pistons of water. The jets or pistons gradually 
and effectively compress the air and condense any 
steam vapors on the way to the vacuum pump 
discharge. 

The main advantages of this pump are: Highest 
vacuum obtained; highest vacuum maintained, 
owing to its capacity for handling excessive air 
leakage and practical elimination of wearing parts; 
great elasticity and capacity; reduction of power 
and possible convenience in pumping arrangement. 

Steam Ejectors are used where space is limited 
and weight is a controlling factor. Their reduced 
cost also requires their consideration for other 
installations. 



Worthington Jet 
Condensers 

The illustration shows 
a Worthington Horizon¬ 
tal Wet Vacuum Pump 
with an adjustable 
spray cone condenser. 

The adjustable cone 
is used for the purpose 
of regulating the thick¬ 
ness of the water spray 
and the amount of in¬ 
jection water supplied 
to the condenser. It is 


Horizontal Air Pump With also a Convenient means 

Adjustable Cone Jet Condenser - « , . i. 

of flushing out the con- 
denser in case it becomes clogged with grass or 
other obstacles that may possibly enter with the 
injection water. 

The cone adjustment for the largest sizes is ar¬ 
ranged with the hand wheel on the side of the 
condenser body instead of on the top, as shown in 
the illustration, and the upper elbow is omitted 


altogether. The exhaust steam enters at the top 
and is condensed immediately by the injection 
spray. It then falls to the bottom of the condenser 
and is removed by the vacuum pump. An auto¬ 
matic vacuum breaker safety attachment is placed 
on this type of condenser to prevent the water from 
rising any higher in the condenser than the proper 
level. If, by accident, the pump should stop while 
the main engine or turbine is in operation, the 
water will rise in the condenser and when it reaches 
a certain level will raise a float, which in turn 
raises the relief valve from its seat, thus admitting 
air into the condenser and destroying the vacuum. 
When the pump is started again, the float drops, 
permitting the valve to close and the work of con¬ 
densation is promptly resumed. In this way, the 
possibility of flooding the main engine or turbine 
is avoided. 

For service with steam turbines and for high 
vacuum work, a wet vacuum pump is generally 
fitted with a specially designed type of counter- 
current condenser and the air and water handled 
separately. 



A dry vacuum pump is used to 
extract the air after being cooled 
and the condensed steam and in¬ 
jection water are pumped out by 
means of the wet vacuum pump. 
In this way the highest possible 
vacuum is produced and can be 
maintained with maximum degree 
of economy. 

Many combinations of Worth¬ 
ington Jet Condensers can be made 
with standard direct-acting vacuum 
pumps. 


Worthington Barometric Jet Con* 
densers 

This condenser has been espe¬ 
cially desired for service in con¬ 
nection with steam turbines for 
high vacuum generally where it is 
necessary to handle the 
air and water separately. 
The condenser can be 
used with a short length 
of tail pipe as a centrifu¬ 
gal jet condenser, or as 
more generally employ¬ 
ed, used as a barometric 
condenser with a tail 
pipe approximately 34 
feet long. In this case, 
a vacuum pump is used to extract the air and non¬ 
condensable vapors and a circulating pump to de¬ 
liver condensing water to the condenser, where the 
supply' level is more than 20 feet below the level 
of the water inlet into the condensers. 


Worthington Counter Current 
Barometric Condenser 


Worthington Feed Water Heaters, StilweU Type 
A combined feed water heater, feed water puri¬ 
fier and water softener, made in vertical and 
horizontal types, the latter being shown in the 
illustration on the next page. 

The shell is made of cast iron, in sections, de¬ 
pending on the size of the heater. The heads are 
bolted to the shell and contain the hinged doors 
for inspection, cleaning and removal of pans. 

The water enters the top of the heater and is 
discharged into the overflow box, flowing over its 
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WORTHINGTON PUMP AND MACHINERY CORP. FEED WATER HEATERS & PUMPS. Ifiy 


sides in a thin, distended sheet and passing down 
through the incoming current of exhaust steam to 
the top pan, and thence through the entire pan 
system to the heating chamber. From the heating 
chamber the water passes to the settling chamber, 
where the heavier solids are precipitated, and from 
there to the filter where the final purification takes 
place. The water then passes to the pure water 
chamber and is ready for use. 



Horizontal Feed Water Heater, Sectional Type 

An oil separator is attached to all heaters to 
collect the oil carried by the water. 

The horizontal type of heater is built in sizes 
up to 20,000 H. P. 



Feed Water Heater With Waterseal Overflow 

Worthington Vertical Feed Water Heater, 

Stilwell Type 

The Vertical heater is similar in operation to 
the horizontal type, except that the shell is rec¬ 
tangular in form, as shown in the illustration 
above. 

The pans overflow at the edges in both types, 
there being no perforations to clog up and the 
pans can be easily removed for cleaning purposes. 

The water supply in both types is automaticaly 
controlled and an overflow arrangement is provided. 

Filter material is easily renewed, it consisting 
of hay, excelsior, coke or other suitable material. 

The Vertical heater is built in nine sizes from 
50 H. P. up to and including 1,000 H. P. 


General Service and BoUer Feed Pumps 

Worthington General Service and Boiler Feed 
Pumps embrace a wide variety of sizes and types, 
for pressures up to 150 lbs. These pumps can be 
made for handling gritty water, or for any standard 
service. Their construction is of the best material 
and workmanship. 

For high pressure service the Worthington Pot 
Valve Pressure Boiler Feed Pump is recommended. 
Water ends are safe for 300 pounds; plungers are 
outside end packed; stuffing boxes easily accessible; 
water valves are of bronze composition. 

This type of pump is especially desirable for 
hot water. 

Made in capacities from 250 to 9,700 boiler H. P. 

Where space is an item, however, the use of the 
Center-Packed Pump of this line, which is built in 
capacities from 4,000 up to and including 9,700 
boiler H. P., is recommended. 

Where economy of operation is the first consid¬ 
eration, or where the size of the plant nudces it 
desirable, compound steam cylinders may be em¬ 
ployed. This type of pump uses about 80% less 
steam than the simple type when performing the 
same work. 

This pump is built either end-packed or center- 
packed in sizes from 4,000 to 9,700 boiler H. P., and 
when required, the smaller pumps described above 
may be equipped with compound steam ends. 


Centrifugal Boiler Feed Pumps 

The illustration shows a Three-Stage Boiler 
Feed Pump with steam turbine drive, which is the 
most satisfactory method of operating this type 
of pump. The principal advantages of this method 
of driving is an uninterrupted and steady discharge, 
thus eliminating all shock on the pipe system. Air 
chambers and relief valves are not necessary, as the 
pressure will not build up to a dangerous point, even 
though the discharge valve is entirely closed. 

In plants where the load is subjected to consid¬ 
erable fluctuation, it is recommended that the work 
be divided between two or more units rather than 
attempt to handle the full capacity with one pump. 



Three-Stage Boiler Feed Pump, Steam Turbine Drive 


Worthington makes various types of Volute 
pumps with double suction impellers. T^pe O. S. 
built in different capacities of single-stage con¬ 
struction to handle water up to 100-ft. heads; Type 
B. S. handles water up to 200-ft. heads; Type S. D. 
handles water up to 360-ft. heads and is built in 
two stages. 


mining catalog 
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ALLIS-CHALMERS MANUFACTURING COMPANY. 


Allis-Chalmcrs Manufacturing Company 



MILWAUKEE, WISCONSIN 


DISTRICT OFFICES 


Atlanta, Ga., 1104-1106 Healey Bldg. 

Baltimore, Md., 17-19 N. Guilford Ave. 
Birmingham, Ala., 1010-1012 Brown-Marx Bldg. 
Boston, Mass., 723-724 State Mutual Bldg. 
Buffalo, N. Y., 574-576 Ellicott Square Bldg. 
Charlotte, N. C., 215 Latonia Bldg. 

Chicago, Ill., 1321 Peoples Gas Bldg. 

Cincinnati, O., 1720 First National Bank Bldg. 
Cleveland, O., 1119-1121 Schofield Bldg. 

Dallas, Texas, 1101-1103 Patterson Ave. 
Denver, Colo., Symes Bldg. 

Detroit, Mich., 1828-1829 Ford Bldg. 

Duluth, Minn., 709 Alworth Bldg. 

Indianapolis, Ind., 305 Merchants Bank Bldg. 
Kansas City, Mo., 1410-1412 Waldheim Bldg. 

Canadian Representatives: 
Foreign District Offices: 



Los Angeles. Cal., 623-625 Title Insurance Bldg. 
Milwaukee, Wis., West Allis Works. 

Minneapolis, Minn., 707-711 Metropolitan Life Bldg. 
New Orleans. La., 719-723 Maison Blanche Bldg. 
New York, N. Y., 50 Church Street. 

Philadelphia, Pa., 813-816 Franklin Trust Bldg. 
Pittsburgh, Pa., 1207-1210 Park Bldg. 

Portland, Ore., 604-606 Lumbermen’s Bldg. 

St. Louis, Mo., 2188-2189 Railway Exchange Bldg. 

^ Salt Lake City, Utah, 608-610 Kearns Bldg. 

San Francisco, Cal., 741-751 Rialto Bldg. 

Seattle, Wash., 115 Jackson Street. 

Toledo, O., 819 Ohio Bldg. 

Wilkes-Barre, Pa., 904 Coal Exchange Bldg. 
Canadian Allis-Chalmers, Ltd.. Toronto 
London, Paris and Santiago, Chile 


Power and Electrical Equipment 


Products 

Power Equipment—Steam Turbines, Steam En¬ 
gines, Condensers, Gas Engines, Oil Engines, 
Hydraulic Turbines, Electric Power Units complete 
with any t}T)e of prime mover. 

Electrical Equipment—Motors for all purposes. 
Alternating Current and Direct Current Genera¬ 
tors, Motor Generator Sets, Transformers, Syn¬ 
chronous Converters, Frequency Changers, Bal¬ 
ancers, Boosters, Synchronous Condensers, Switch¬ 
boards. 

Industrial Machinery—Mining and Metallurgi¬ 
cal Machinery; for Ore Dressing and Milling Equip¬ 
ment, see page 620; for Smelting and Refining 
Equipment, see page 740 ; for Crushing and Grind¬ 
ing Machinery, see page 491; for Cement Making 
Machinery, see page 491; for Centrifugal Pumps 
and Pumping Units, see page 464; for High Pres¬ 
sure Mine Pumps, see page 454; for Pumping 
Engines, see page 454; for Steam and Electric 
Hoists, see page 397; for Portable and Stationary 
Air Compressors, see page 169; Power Transmis¬ 
sion Machinery; Flour Mill Machinery; Saw Mill 
Machinery; Timber Treating and Preserving Ma¬ 
chinery; Farm Tractors; Special Road Tractors; 
Heavy Forgings, etc. 

Condensers 

These are 
built in the sur¬ 
face, jet and 
barometric types 
and include a 
complete line of 
condenser auxil¬ 
iaries. 

Diesel Engines 

The Allis- 
Chalmers oil en¬ 
gine combines 
all the eco¬ 
nomical advan¬ 
tages of the 
Diesel system, 
together with 
special con¬ 
structive fea¬ 
tures essential 
for reliability 
in service. The 
engine is of the four-stroke cycle horizontal type 
with an open fuel nozzle and a low pressure start¬ 
ing system. 



Diesel Engine 





steam Turbines 

Allis-Chalmers steam turbine and alternator 
units, condensing, non-condensing, mixed pressure 
and low pressure types, built in sizes from 200 
K. W. up. 


Four 2200 Kv-a. Engine Driven Al¬ 
ternator Units. Ray Consoli¬ 
dated Copper Co. 


. 4000 K. W. 3600 R. P. M. Turbo-Alternator Unit 

Allis-Chalmers steam turbines are of the hori¬ 
zontal reaction type, highly efficient, simple in de¬ 
sign, accessible for inspection and built for con¬ 
tinuous service. 

Corliss Engines 

The Corliss En¬ 
gine is the most re¬ 
liable and efficient 
of reciprocating en¬ 
gines. 

Our full line of 
engines and 60 
years’ experience 
enable us to fur¬ 
nish an engine best 
suited to meet all 
conditions. 

Blowing Engines 

Allis-Chalmers Blowing Engines are built in all 
sizes, in vertical and horizontal types, for steam, 
gas, oil or electric 
motor drive, for 
any pressures and 
all purposes. 

The special fea¬ 
tures of design are 
reduction of clear¬ 
ance to a mini¬ 
mum, large inlet 
and outlet area to 

reduce friction - 

losses and beating 
and insuring com¬ 
plete filling of cylinders at all speeds, short and 
direct inlet parts and accessibility of parts. 


Steam Driven Compressor for 
Copper Converter 
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ALLIS-CHALMERS MANUFACTURING COMPANY. 


High Pressure Mine Pumps 

Duplex, double-acting, outside end packed types 
either steam or 
electrically driven 
through herring- 
b o n e reduction 
gears or direct 
mounted. Built for 
any capacity up to 
2,000 g.p.m. and 
heads up to 2,500 
feet. 

Whatever your 
pumping condi¬ 
tions, we invite 
your inquiries, and 
our engineers with years of practical experience 
will help solve your pumping problems. 



Air Compressors 
These are built 
in the stationary 
and portable types 
and for motor or 
belt drive. Sizes 
suitable for mining 
service range from 
11 to 150 cu. ft. 
capacity. 

Alternating and Direct Current Generators 

Allis-Chalmers generators are built in the belted 
type or direct connected type for engine, steam tur¬ 
bine, or waterwheel drive, both horizontal and verti¬ 
cal for the latter drive. Ratings and speeds are 
adapted to the various types of prime movers. Com¬ 
plete units can be furnished with any type of prime 
mover, thereby giving purchaser undivided re¬ 
sponsibility. 




Motor Generator 
Sets 

Motor generator 
sets are built in all 
standard sizes for 
mine service. 

The special mois¬ 
ture - proof form 
wound coils, the 
correct and liberal 
design of all parts, 
assures large mo¬ 
mentary overload 
capacity. The 
method of support- 

iniir the brush ricr- K.W. 1170 R.P.M. induction Motor- 
IIIK Generator Set for Battery Charging: 

gmg, etc., affords 

ready access for inspection and cleaning. 


Combinations are 
built of self-starting 
synchronous motors, 
induction motors, di¬ 
rect current, two or 
three wire genera¬ 
tors, etc. 

Synchronous or Ro¬ 
tary Converters 
Standard synchro¬ 
nous converters, or 



160 K. W. Rotary Converter 
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“rotaries,” for industrial or mining service deliver 
250 to 275 volts direct current, when operating from 
the alternating current supply system. 

They are built for ratings of 100 K.W. and 
larger, in the commercial pole type, and for 60 cycle 
and 25 cycle systems. 



Polyphase Induction Motors 

Made in standard ratings and speeds in both 
squirrel cage and 
slip ring types for 
belt drive or direct 
connection. They 
are of ve^ rugged 
construction and 
therefore adapted 
to severe service 
conditions. Shafts 
are large and rigid 
while the bearings 
are liberal in size. 

• Moistureproof coils 
are used. 


Type “AR” 

Squirrel Cage Induction Motor 


Slip ring motors are for use where the starting 
conditions are severe and starting current must 
be kept low, and for varying speed requirements. 



Synchronous Motors and Condensers 

Synchronous motors are especially suited for 
driving generators, 
large air compres¬ 
sors, pumps, line 
shafts and other 
constant speed ap¬ 
paratus where the 
starting conditions 
are not severe. The 
corrective effect 

which they exert 350 h. P. 212 R. P. M. synchronous 
on the power Motor Driving Mine Pan 

system makes 

them particularly desirable for alternating sys¬ 
tems where the power factor is low. Built for 
ratings of 50 H. P. and 
larger. 

Direct Current Motors 
Type ‘‘E" Motors are made 
in ratings and speeds corre¬ 
sponding to those of constant 
speed induction motors, as 
well as adjustable speed rat¬ 
ings, in capacities up to 200 
H. P. They are of rugged 
construction with commutat¬ 
ing poles insuring sparkless 
commutation, dustproof bear¬ 
ings, thorough ventilation, 
windings treated to resist oil 
and moisture. Larger ratings 
built in the pedestal bearing 
type. 

Transformers 

These transformers are 
designed for power and light¬ 
ing service. They are built 
in all commercial sizes for 
lighting and power transmis¬ 
sion, and for use in connec¬ 
tion with Rotary Converters. 

They are furnished in self- 
cooled, water cooled, and air 
cooled types, wound for all 

voltages and frequencies, em- 1260 ivv-u. outdoor itadiator 
bodied in mining service. Type Power Transformer 



Direct Current Motor, 
Type “E” 
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•[YQ AIR COMPRESSORS. 


INGERSOLL-RAND COMPANY. 


INGERSOLL-RAND COMPANY 



11 BROADWAY, NEW YORK 

Power Plant and Drilling Equipment 



Atlanta, Ga. 
Birmingham, Ala. 
Boston, Mass. 
Butte, Mont. 
Chicago, Ill. 
Cleveland, Ohio 
Dallas, Texas 


SALES OFFICES IN UNITED STATES 


Denver, Colo. 
Detroit, Mich. 
Duluth, Minn. 
El Paso, Texas 
Houghton, Mich. 
Joplin, Mo. 


Knoxville, Tenn. 
Los Angeles, Cal. 
New Orleans, La. 
New York, N. Y. 
Philadelphia, Pa. 
Pittsburgh, Pa. 


SALES OFFICES OUTSIDE THE UNITED STATES 


Salt Lake City, Utah 
San Francisco, Cal. 
Scranton, Pa. 

Seattle, Wash. 

St. Louis, Mo. 
Washington, D. C. 


Antofagasta, Chile 
Batavia, Neth. E. Indies 
Bombay, India 
Brussels, Belgium 
Budapest, Hungary 
Buenos Aires, Argentine 
Calcutta, India 
Christiania, Norway 
Cobalt, Ontario 
Copenhagen, Denmark 
Dusseldorf, Germany 
Glasgow, Scotland 


Havana, Cuba 
Hong Kong, China 
Honolulu, T. H. 
Iquique, Chile 
Johannesburg, S. A. 
Kalgoorlie, W. Aust. 
Kobe, Japan 
Lima, Peru 
London, England 
Madrid, Spain 
Manchester, England 
Manila, P. I. 


Melbourne, Aust. 

Mexico, D. F. 

Milan, Italy 
Montreal, Quebec 
Nelson, B. C. 

Paris, France 
Rangoon, Burma 
Rio de Janeiro, Brazil 
Rotterdam, Holland 
Santiago, Chile 
Seccondee, Africa 
Semarang, Neth. E. Indies 


Shanghai, China 
Sherbrooke, Quebec 
Sourabaya, Neth. E. Indies 
Stockholm, Sweden 
Sydney, N. S., Canada. 
Sydney, N. S. W. 

Tokio, Japan 
Toronto, Ontario 
. Tucuman, Argentina 
Valparaiso, Chile 
Vancouver, B. C. 

Vienna, Austria 
Winnipeg, Man. 


To insure correspondence against avoidable delay, all communication should be addressed to the place nearest the writer* 



Products 

Air, Gas and Ammonia Compressors; Air Re¬ 
ceivers; Aftercoolers; Reheaters; Turbo Blowers 
and Compressors; Oil, Gas and Steam Engines; Ma¬ 
rine Engines; Condensers; Air Pumps for Con¬ 
densers; Vacuum Pumps; Steam Jet Pumps. For 
other products see pages 298, 299, 300, 458 and 459. 


Ingersoll-Rand Class “ER” Compressor 


Class “ER-1” Compressors 

Single-stage, double-acting, straight-line com¬ 
pressors of enclosed construction arranged for belt 
drive. Running parts and main bearings are lubri- 


Piston 

displac.. 

cu. ft. 
per min. 

Pressure, 
lbs. per 
sq.in. 

Speed, 
r. p. m. 

B. h. p. 
inc. belt loss 


Floor 

space 

28 

100-160 

500 

4 -4.3 

4' 

0 "xl'6" 

44 

20-100 

500 

3.8-6.5 

4' 

2 "xl'6" 

’44 

100.150 

400 

6 .5-7 

5' 

2"xl'9V^" 

64 

45-100 

400 

7.3-9 

5' 

4"xl'9i/^" 

67 

100-140 

350 

10-10 

6 ' 

6 ''xl'll" 

92 

45-100 

350 

11-13 

6 ' 

8 "xl'll" 

113 

100-130 

250 

19-21 

8 ' 

0 "x2'6H" 

145 

65-100 

250 

21-24 

8 ' 

l"x2'6^" 

223 

100-120 

250 

39-42 

9' 

9"x3'2U" 

321 

50-100 

250 

43-57 

9' 

5"x3'2%'' 

840 

1 100-116 

220 

1 64-56 

11 ' 

0"x4'Hr' 

464 

1 40-100 

220 

53-74 

11 ' 

3"x4'l%'' 


Data on standard machines for low pressures on request. 


Piston 
Displac., 
cu. ft. 
per min. ^ 

Air 1 

Pressure 
Deslg:ned 
For 

Brake 
Horse I 
Power 

1 

1 Overall Dimensions 

' Feet and Inches 

! 

I 1 

Length | 

Width 

Height 

over 

Rails 

78 

90-100 

12-12.5 

i 7' 

4'-0" 

S'-S" 

145 

90-100 1 

23-24 

8 '-3" 

4'-8" 

4'-4'» 

209 

90-100 1 

35-37 

10 ' 

5'-6" 

4'-6'' 

304 

90-100 1 

51-53 

10 ' 

5'-6'' 

4'-6" 


cated by an automatic flood system. The inlet and 
discharge valves are of the Ingersoll-Rand Plate 
Type. Reliable regulators, automatically loading 
and unloading the compressor can be supplied for all 
sizes. These compressors can also be furnished 
with the short belt drive and suitable motor and 
control to suit any electric current condition, or 
with tight and loose pulleys for shaft drive. Bulle¬ 
tin 3330. 


Class ‘*ER-1’' Mine Car Compressors 



These are self-contained power plants consisting 
of an “ER” Compressor with automatic unloading^ 
device; air receiver 
with pressure gage, 
safety valve, drain 
cock and service 
valve; D.C. or A.C. 
electric motor and 
control; gear 
drive; all mounted 
on a steel frame 
with wheels and 
axles. It is fully 
equipped and needs only to be connected to a source 
of electric power. Can be furnished tor any com- 


ln^;er.sull-liaiid Claiss "ER-I” Mine Car 
Portable Compressor 
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INGERSOLL-RAND COMPANY. 


AIR COMPRESSORS. 


mercial track gauge. The compressor is the same 
as the Class “ER-1” already described except that 
all sizes have the Hopper type of air cylinder water 
jacket. Bulletin 3016. 

Type “XCB” Compressors 

Duplex construction, single or two-stage, with 
I-R Patented 5-Step Clearance Control automatic¬ 
ally unloading or load¬ 
ing compressor in five 
steps, viz.: full, three- 
quarter, one-half, one- 
quarter and no load. 
These compressors are 
dust - proof, enclosed 
construction, auto¬ 
matic fiood lubrica¬ 
tion for moving parts 
and force feed lubrication for air cylinders. The 
air valves are of the Ingersoll-Rand Plate Tyi)e. 
Can also be furnished with the short belt drive and 
suitable motor and control to suit any electric cur¬ 
rent conditions. Bulletin 3042. 


Piston 

Displac., 

Cu. Ft. of 
Free Air i 

Per Minute 

Brake Horse-Power I 
Required at Belt Wheel 
of Compressor 

Over-All Dimensions 
Feet and Inches 

Air Pressure 

1 80 lbs. 

1 110 lbs. 

1 Length 

1 Width 

610 

96 

109 

1 10-7 

6-5 

877 

134 

153 

11-9 

7-8 

1244 

191 

218 

13-0 

8-8 

1505 

232 

263 

13-3 

10-4 


Data on standard machines for altitudes on request. 


Class “PRE” Compressors 

Duplex construction, single or two-stage, direct- 
connected motor driven, the rotor of the motor 
being securely pressed and keyed on the compressor 
shaft, dust-proof, enclosed construction, automatic 
lubrication. Ingersoll-Rand Plate Inlet and Dis- 



Ingersoll-Rand Class “PRE” Compressor 


charge Valves. This compressor has I-R Patented 
5^tep Clearance Control, automatically unloading 
or loading the compressor in five steps, viz.: full, 
three-quarter, one-half, one-quarter and no load. 
Bulletin 3126. 


Piston displace., 
cu. ft. per min. 

Motor b. h. p. at air 
pressures given 

Floor space 

90 lbs. 

100 lbs. 

627 

100 

105 

10'0"xl0'3" 

1052 

169 

177 

11 'l"xl2'l" 

1302 

201 

210 

11 'O^xll'O'' 

1574 

251 

264 

14'3"xl2'6" 

2083 

309 

324 

16'0"xl4'4" 

2874 

455 

478 

18'0"xl6'0" 

8864 

635 

666 

18'4"xl9'0" 

5011 

752 

787 

25'0"xl9'0" 

5967 

972 

1020 

29'3"x20'0" 

7440 

1120 

1179 ! 

30'9"x26'0" 


Data on standard machines for altitudes on request. 
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Class “FR-1” Compressors 

Single-stage, double-acting, straight-line, steam 
driven compressors. Running parts and main bear¬ 
ings are lubricated by an automatic flood system 
The inlet and discharge valves are of the Ingersoll- 



Ingersoll-Rand Class "FR-I” Compressor 


Rand Plate T 3 T)e. The air cylinder is direct-con¬ 
nected to steam engine having balanced piston valve 
with automatic cut-off fly wheel control governor, 
making it possible to operate with high pressures 
and superheated steam, as well as with moderate 
pressures and saturated steam. Bulletin 3131. 


- i 

Piston 

Dlsplae., 

Co. Ft. per 
Minute 

1 

1 

Air 

Pressure 

Designed 

For 

1 

I.H.P. 
in j 

Steam 
Cylinder 

—- 1 

1 B.P.M. 

I 1 

Diam. 

Fly 

Wheels 
Ft. In. 

1 

Ofvrall Dimensions 

Feet and Inches 

1 Length 1 

1 Width 

Height 

1 froig 

1 Floor 

67 

1 100-140 1 

10-10 

1 350 

2-5 

1 8-2 

2-2 1 

3-6 H 

92 

45-100 

11-13 

350 

2-5 

1 8-3 

2-2 I 

3-6 H 

136 

100-130 

23-25 

300 1 

3-6 

10-3 

2-8 1 

4-0^ 

173 

65-100 

25-29 

300 

3-5 

10-4 

2-8 

4-0^ 

245 

100-120 

43-46 

275 

4-2 

12-1 

3-4 

4-9 

355 

50-100 

47-63 

275 

4-2 

11-11 

3-4 

4-9 

386 

100-115 

62-64 

250 

5-2 

13-9 

4-2 

5-10 

528 

45-100 

64-84 

250 

5-2 

13-11 

4-2 

5-10 


Data on standard machines for low pressures on request. 


Types “X” and “XPV” Compressors 

Duplex construction, single or two-stage with 
simple or compound steam cylinders, dust-proof en¬ 
closed construction, automatic lubrication for all 
moving parts and force-feed lubrication for air and 
steam cylinders. 



Ingersoll-Rand Type XPV Compressor 


The Type “X” has D steam valves on small sizes 
and Meyer Adjustable Cut-Off type on larger units. 
The type “XPV” has automatic cut-off governor 
and balanced piston steam valve and is suitable for 
high steam pressures and superheat. Bulletin 3311 
covers Type “X”, and 3133, Type “XPV”. 

DATA OH "XVT” OOmHSSOBS 


Displacement, I.H.P. in Steam Cylinders lOverall Dimens’ns 
Cu. Ft. 1 Feet and Inches 

Free Air-,- 

Per Minute I 80 lbs. I 90 lbs. ' 100 lbs' 110 Ibs.l Length I Width 


648 

102 

108 

114 

120 

12-0 

7-8 

940 

148 

157 

165 

174 

13-6 

8-9 

1260 

200 

212 

223 

235 

14-0 

9-2 

1531 1 

242 1 

256 

270 1 

284 1 

17-4 

10-3 

1955 1 

1 306 ! 

326 

344 1 

1 360 1 

17-10 

11-0 


Data on standard machines for altitudes on request. 


SECTION III 



Digitized by ^ooQie 





YJ2, CONDENSERS AND OIL ENGINES. 


INGERSOLL-RAND COMPANY. 


Class ‘H>RC” Compressors 

The Class “ORC” Compressors are duplex steam 
tlriven units with single or two-stage air cylinders 
^nd single or cross compound Corliss valve steam 
cylinders. Capacities from 2560 to 8000 cu. ft. per 
minute, pressures to 116 lbs. per sq. in. Bulletin 
3129. 

Iiigers<ril-Rand Air Receivers 

Vertical and horizontal steel air tanks or re¬ 
ceivers suitable for a wide range of working pres¬ 
sures built in many sizes for compressors from 16 
cu. ft. capacity upwards. All are made of the best 
steel strongly riveted and tested for safety at the 
pressures for which they are intended. Bulletin 
9102. 

IngersoU-Rand Air Aftercoolers 

Aftercooling is the only simple and effective 
way of taking the moisture out of Compressed Air. 

Its use eliminates wet air at the tools, which 
causes excessive wear by washing out the lubri¬ 
cant, and also prevents freezing up of tools, holes 
and pipe lines. Aftercooling maintains even pipe 
line temperature and prevents leaks and breaks con¬ 
sequent to expansion and contraction. Aftercool¬ 
ing traps off the excess compressor lubricant (if 
any) before it gets into the air receiver or mains. 

Compressed air for operating rock drills, sharp¬ 
eners, hoists, etc., should be dried by aftercooling. 
Bulletin 9112. 



Ingersoll-Rand Surface Condenser 


Condensing Plants 

The Company is prepared to furnish a suitable 
condenser for all condensing problems and service 
conditions. Its line includes the Surface, Baro¬ 
metric and Low-Level Multi-Jet Condensers, to¬ 
gether with the Steam Jet Vacuum Pumps. 

Ingersoll-Rand Surface Type Condensing Plants 
consist of a surface condenser, Cameron Centrifugal 
Circulating and Condensate Pumps, and I-R Vacuum 
Pump equipment. The condensers have greatly re¬ 
duced tube surface and the elimination of waste 
tubes is secured by arranging those tubes used in 
stages and by the use of a separate devaporizer or 
cooler. This condenser has a distinctive heart-shape 
shell. The tubes are spaced on wide centers and 
brought closer together in each lower bank or stage. 

A condenser with active steam flow over every 
tube not only results in a reduced total surface re¬ 
quired, but also has the advantage of maintaining 
a uniformly high condensate temperature by keep¬ 
ing the condensate from all tubes in contact with 
active steam. 


SECTION HI 


High water velocities with a suitable tube di¬ 
ameter have a tendency to reduce fouling and scal¬ 
ing of the tubes. In the I-R Surface Condenser, by 
the use of a single pass arrangement, high water 
velocities are readily obtained without excessive 
friction. 

The residual air and steam from the bottom row 
of tubes is finally drawn up into the devaporizer or 
cooler mounted on the side of the shell proper. This 
cooler is fitted with cast iron grids whose surfaces 
are particularly adapted to devaporize and cool the 
air before it is finally drawn into the vacuum pump. 

The withdrawal of non-condensables from the 
bottom of the condenser with the use of a multi¬ 
stage tube arrangement and correct shaped shell, 
insures an active flow of steam over every tube and 
precludes the possibility of pocketing and stagna¬ 
tion. The elimination of waste tubes in this way 
represents a large saving in maintenance and re¬ 
newal costs. 



Price Type “PO” Horizontal Oil Engine 


Oil and Gas Engines 

Price Type “PO” Oil Engine is of the horizontal, single¬ 
cylinder, single-acting, direct-injection type operating on 
the four-stroke cycle and is available in 50 and 100 B.H.P. 
sizes. 

Complete atomization is obtained without the use of high 
pressure air and by the direct-injection of the fuel, and ig¬ 
nition is at all times by heat of compression only. In 
fact, the heat of compression is sufficient to ignite the fuel 
when the engine is cold. Other features are the enclosed and 
oil-tight crank case; the pressure lubrication system for 
oiling all important bearings including cam rollers; the con¬ 
tinuous filtration of lubrication oil; and the completely 
water-jacketed cylinder barrel and heads. 

Where an oil engine is necessary with over 100 B.H.P. 
the Company offers its Price-Rathbun Vertical Engines. 
These are built with three or more cylinders and are avail¬ 
able in from 105 to 1,000 B.H.P. sizes. 



Price-Rathbun Vertical Oil Eng^ine 


The Company's line of horizontal and vertical gas en¬ 
gines will furnish satisfactory power for all general pur¬ 
poses. The range of sizes include the following machines: 

I-R Single-Cylinder Horizontal Gas Engine, in 55 and 
136 B.H.P. sizes. 

Price-Rathbun Vertical, Multi-Cylinder Natural and Pro¬ 
ducer Gas Engines, in from 75 to 1,400 B.H.P. sizes. 
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BURY COMPRESSOR COMPANY. 


AIR COMPRESSORS. 


BURY COMPRESSOR COMPANY 

Main Office and Works 
1742 Cascade Street, ERIE, PA. 

Manufacturers of 

Air and Gas Compressors and Vacuum Pumps 


Products 

Air and Gas Compressors, steam or motor driven. 

Vacuum Pumps, steam or motor driven. 

Compressors and pumps are built for all capaci¬ 
ties, all pressures, and to meet any engineering re¬ 
quirements. 

Also manufacturers of Air Receivers and After 
Coolers. 

Bury Class VCCE Compressors 

A 2-stage, 3-cylinder, variable volume type (pat¬ 
ented). Operates at same efficiency at V^, % 
and full load at 1 pound variation in pressure. Low¬ 
est input horse-power per cubic foot actual air de¬ 
livered. Motor or belt drive. 


Bury 3-Stage, Tandem and Duplex, High Pressure 
Compressors 





Steam Driven Belt Driven Steam Driven 

S-Stagre, Tandem and Duplex, High Pressure Compressors 
Capacities, 5 to 1000 cu. ft. per min., up to 2000 lbs. pressure 

Bury Vacuum Pumps 

Single cylinder 
type built steam or 
belt driven. Du- 
ple.x double com¬ 
pound type built 
steiim or belt driv¬ 
en or with syn- . ,, 

chronous motor on Pump 

shaft. Specially 
suitable for glass 
factories. Installed 
at: 

Hazel-Atlas Glass Co. 

Macbeth-Evans Glass 
Co. 

Maryland Glass Corp. 

American Bottle Co. 

Owens Bottle Co. Class DBBC Duplex. Double Corn- 

Federal Glass Co. pound, Vacuum Pump 



Class DBBC Duplex. Double Com¬ 
pound, Vacuum Pump 


Class VCCE 2-Stagre, 3-Cyllnder, Variable Volume 
Compressor, with Synchronous Motor on Shaft 
Capacity, 300 to 10,000 cu. ft. per min. 

Bury Class DCCU and CCB Compressors 

Duplex c 0 m - 
pound type, belt or 
motor driven. 


Bury Patented Pyramid Box Plate Valves 

Have 50% greater area _ 

than any other type of 
valve. No tension springs. 

No buffer plates. Durable 
as the Pyramids. Silent 
as the Sphinx. 



Class CCS Duplex Compound Com¬ 
pressor, Steam Driven 
Capacity, 450 to 1500 cu. ft. per min. 


Excel Type Duplex Compound Com¬ 
pressor, Steam Driven 
Capacity, 450 to 6000 cu. ft. per min. 
Highest steam economy 


Class LS Single-stage Compressor, 
Steam Driven 

Capacity, 50 to 1500 cu. ft. per min. 

Catalogues 

Catalogues supplied on request. 
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AIR COMPRESSORS AND ENGINES. 


CHICAGO PNEUMATIC TOOL CO. 


CHICAGO PNEUMATIC TOOL CO. 

Chicago Pneumatic Bldg. 

6 East 44th Street, NEW YORK 

SALES AND SERVICE BRANCHES ALL OVER THE WORLD 




Products 

Air Compressors—Gas, Oil, Gasoline, Steam, 
Belt and Motor Driven; Vacuum Pumps and Gas 
Compressors; Receivers and Aftercoolers; Semi- 
Diesel Oil Engines; Gas and Steam En^pnes; Little 
Giant Air Hoists for Mine and Shop; Air and Elec¬ 
tric Rock and Coal Drills; Boyer Pneumatic Ham¬ 
mers for Riveting, Chipping, etc.; Little Giant 
Electric Tools; Air Hose; Accessories. 

Chicago Pneumatic Air Compressors 

Chicago Pneumatic air compressors are built in 
over 500 distinct sizes and tyi^s. Standard sizes 
are built for steam, belt, electric motor, oil, gas or 
gasoline engine drive and in single, duplex and 
duplex-tandem types. 

Vital Points of Design 

An outstanding feature which distinguishes the 
“air end” of all Chicago Pneumatic Compressors is 
the “Simplate” flat-disc air valve. 

Operation is silent and no valve lubrication is 
necessary. Highest mechanical and volumetric 
^ciencies are obtained and absolute dependability 
is insured. Construction of air cylinder is simpli¬ 
fied, floor space minimized and cost of installation 
lessened, as unusually large 
capacity is obtained per unit 
weight of machine. 

All Chicago Pneumatic 
Compressors are of totally 
enclosed frame construc¬ 
tion, have exceptionally lib¬ 
eral bearing surfaces, are 
automatically lubricated, 

have automatic regulation Component Parts of a 

“Simplate” Valve. 

insuring maximum power 

economy under varying load conditions and are of 
modern, rugged design throughout. 

Class N Compressors 

Represent the highest development yet attained 
in the construction of compressors of small and 
medium capacities. Built in single-stage, steam, 
belt, fuel-oil, gas and gasoline engine types; capaci¬ 
ties of belt and steam driven units from 69 to 1197 
cu. ft. per minute. 




me single-unit oil engine driven machine has come into 
wide favor due to its low cost of operation, along with the 
greater availability of fuel oil as compared to coal in many 
mining regions. 

Available in tank- 
mounted, s k i d - 
moimted or sta¬ 
tionary units — all 
of which operate 
successfully on low 
grade fuel oils un¬ 
der widely different 
climatic conditions. Class N-S 02 Fuel Oil Engine Driven 
Capacities up to Compressor. Note simplicity and 

658 cu ft ner min conipactness. Available also in skid and 
BulleSn 607 tank-mounted portable types. 


The same style units, both portable and stationary, are 
built for operation on gas and gasoline. Ask for Bulletin 34-Y. 


Class O Compressors 



These machines are designed to meet conditions requiring 
units of medium and large capacities. They are built in 
six standard strokes from 10 to 21 in., both single and two- 
stage, and in both 
duplex and duplex- 
tandem types, for 
operation by belt, 
short - belt - electric 
motor, direct-con¬ 
nected electric mo¬ 
tor, and steam. 

Capacities extend 
from 500 to 10,000 
cu. ft. of air per 
min. Bulletin 400 

O-CTDB Motor-Driven Duplex- 
formation. Tandem Air Compressor. 


Air Receivers and Aftercoolers 

Air receivers are made in vertical and horizontal types 
for any compressor capacity. Aftercoolers are made in 
vertical type, with charcoal iron or brass cooling tubes, for 
compressor capacities of from 100 to 5,000 cu. ft. of free 
air per minute. Bulletin 657. 


“Giant” Semi-Diesel Oil Engines 

Giant Semi-Diesel oil engines are the most economical 
form of isolated plants for power from 12 to 200 h.p. They 
have the overall operating economy of the full Diesel type 
without its complexity, the dependability of the steam en¬ 
gine without its costly auxiliaries, and the ability to operate 
successfully and economically on low-grade fuels. 


Vital Points in Design 

Giant Semi-Diesel engines are built with the cylinder 
horizontal—all parts in the crank case are accessible, piston 
can be removed through head end of cylinder and crank shaft 
can be taken out without removing fly-wheels. 



200 H. P. Duplex 
Type Giant Oil En¬ 
gine Driving A.C. 
Generator. 
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Class N-S02 Fuel 
Oil Driven Compres¬ 
sor. Capacity 300 
cu. ft. 



Class N-SBE Short 
Belt Motor Driven 
Compressor. Capacity 
534 cu. ft. 



Class N-SS Steam 
Driven Compressor. 
Capacity 549 cu. ft. 
per min. 



Class O-CTDE Du¬ 
plex - Tandem Com¬ 
pressor. Capacity 3460 
cu. ft. per min. 
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SULLIVAN MACHINERY COMPANY. 


AIR COMPRESSORS. 


SULLIVAN MACHINERY COMPANY 

129 South Michigan Avc., CHICAGO, ILL., U.S.A. 


DOMESTIC SALES OFFICES 
Birmingham, Boston, Butte, Claremont, N. H., 
Cleveland, Dallas, Denver, Duluth, El Paso, 
Huntington, W. Va., Joplin, Knoxville, New York, 
Pittsburgh, St. Louis, ^It Lake, ^n Francisco, 
Spokane. 



FOREIGN SALES OFFICES 
Algiers, Brussels, Calcutta, Christiania, Durban. 
Natal, Havana, Lima, London, Madrid, Mexico City. 
Paris, San Juan, Santiago, Shanghai, Sydney, N.S.W., 
Tokyo, Toronto, Tunis, Turin, Vancouver. 


Sullivan Products 

Air Compressors; Air Lift Pumps; Diamond Drills; All-Hammer Drill Sharpeners; Drill Steel Furnaces- Forge Ham¬ 
mers; Ironclad Coal Cutters; Rock and Hammer Drills; Quarrying Machinery; Contractors for Diamond Core Drilling- 
Turbinair Portable Hoists. 


Sullivan Air Compressors 
There’s a Sullivan Compressor 
just right as to size, type and 
ft drive, to render efficient, de- 

pendable air power service for 
your mine. Manv of these, both 
large and small, are now ob- 
tainable from our warehouses. 
m Angle Compound 

The Angle-Compound Compres- 
sor,shown here, is more popular 
g than ever—capacities, 400-1370 

I cu. ft., belt or direct motor 

drive. Plate “Finger” Valves, 
Bulletin 77-BMO automatic lubrication. 

Sullivan High Duty Steam Driven Angle Compound Com¬ 
pressors, “WD” secure high economy by attaching a “direct 
flow” Sullivan 4-valve center exhaust steam cylinder to the 
low pressure air end of the angle compound compressor. 
An entirely new type. 

Sullivan “Twin-Angle- 
Compound” Air Com¬ 
pressors 

Two separate, complete, 
two-stage angle com¬ 
pressors, side by side. 


“WJ.3” AIR COMPRESSORS: ANGL-COMPOUND, BELT DRIVEN 


Cylinder Sizes 
Inches 


meter 

S 

if 


1 

ilil* 

eu 

i 

ts u 1 £ 

a 

OQ 

5! 

8% 

10 

478 270 

9% 

10 

625 270 

9% 

12 

784 250 

11 

14 

982 240 

12 

14 

1214 240 

13 

1 

1469 240 

14%j 

16 

1730 210 


e 

(her 

All Dimension* 1 
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H 

si 

5 

S’ 

■ 1 

3 ll^l 

5 

So 

o 
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-a s s 

ll 55 


8-11% 4- 2% 


20 12 14 1214 240 195 11- 4% 7-10% 9- 9 6- 8 23 

22 13 14 1469 240 242 11- 7 8- 1 9- 9 6- 8 24 

24 14% 16 1730 210 275 12- 2 10- 0 11- 8% 6-10 35 


DETAILS OF ‘WG-O” AIR COMPRESSORS, SINGLE STAGE, BELT DRIVEN 

1 I Over All i Fly- i Air 

^ ■ a Dimension* Wheels PlDlns 
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1% 
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7 
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10 

3 

1 

7 

11% 

6- 4 

15 

3% 

1% 

9 
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19 

3% 

1% 
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9 
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23 

4 

1% 

9 

9 
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24 

4% 

1% 

11 

1 

8% 
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35 

8 

1% 
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68 .19 350 120 10.5 4-10% 1-10% 2- 0 

93 .26 350 100 12.5 5- 0 1-10% 2- 0 

122* .34 350 50 14 5- 5% 1-10% 2- 0 


■i 2*6 
:|! § 

18 I« I 

rs ■? 2 = 


4% i%ji%| 
4% 2 1% 

4%2%‘- 



Bulletin 77-EMC 

Single Steam or Belted 
Compressors 

^“WA-6” and “WG-6”, 
range from 60 to 500 ft. 
capacity, are splash 
oiled and have “Wafer” 
Bulletin 77-AMC valves. 

Portable Electric 

“WK-26” Mine Car, motor-driven Compressors, 60-260 ft. 
capacity form a complete, independent, automatic under¬ 
ground air supply. 

_ SULLIVAN STEAM-DRIVEN VACUUM PUMPS. CLASS “WA-61’' 


Size. 

Dlsplace- 

I. H. P. 

Overall 

Piping Sizes, 
Steam | 

Inches 

Air 


Inches 

P. ! 

M. 

Per Per 
Kef. Min. 

Load, at¬ 
mospheric 
discharge 

h't. 

1 Length 

In. 

1 Width 

E 

a 

2i 
' ’r. 

1 

« 

M 

;S 

1! 

tn 

Jacket 

7zl8x~8 ' 

260 2.34 610 

^ 1 

1 9-2% 

2-8 

1% 

2 

5 

5 

% 

9x22x10 

235 4.39 1032 

41 

ll0-9% 

3-5 

2 

2% 

7 

6 

% 

11x21x12 

220 4.80 1058 

42 1 

|l2-6% 

4-1 

1 2% 

3 

7 

6 

% 

11x26x12 

220 7.37|l620 

65 

'l2-7 

4-1 

2% 

3 

8 

7 

% 
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Sullivan Dry Vacuum Pumps 

Sullivan steam- and belt-driven dry vacuum pumps are 
available in a number of convenient sizes. They are equip¬ 
ped with Sullivan Wafer Valves on the vacuum cylinders, 
and all main working parts are fully enclosed and are lubri¬ 
cated by the splash system. Bulletin 78-AMC. 

Gasoline Extraction Compres- 
sors, for handling casing-head gas, 

___ are also 

built. 


Yacuum Pump 
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AIR COMPRESSORS & OIL ENGINES. WORTHINGTON PUMP AND MACHINERY CORP. 


Worthington Pump and Machinery Corporation 

Executive Offices 


115 Broadway, NEW YORK 



For List of Works and Offices, See Page 493 


Air Compressors and Oil Engines 




Products 

Air Compressors; Kerosene Engines; Snow Oil 
Engines; Water Turbines and Wheels; Receivers 
and Aftercoolers. For other products see Pages 
165, 166, 167, 463, 493, 626 and 741. 

Air Compressors 

Worthington makes Air Compressors with elec¬ 
tric, steam or belt drive. The salient feature of all 

these types is the FEATH¬ 
ER (Reg. U. S. Pat. Off.) 
Valve, which is the most 
efficient and durable valve 
yet designed for air com¬ 
pressors. 

This valve consists of 
strips of light stecl, re¬ 
strained but not rigidly 
secured at the ends, and free to lift from the seat 
in the middle to permit the passage of air. Each 


2470 Cubic Feet Com¬ 
pressor, Motor-Driven 


Cross Compound Two- 
Stage Steam-Driven 
Compressor 


element of the valve, therefore, consists of a light, 
thin, rectangular metal strip, covering, when seated, 
a somewhat smaller slot. The valve seats on a per¬ 
fectly plain ground surface, is of such length that 
its flexure, while slight, is also perfectly free and 
uniform, and is of such flexibility as to lie, when un¬ 
der pressure, in full contact with seat at every point. 
The valve has no springs to break, no plates to 
crystallize, and no points of rigid connection with 
its seats. 

The valve seats by contact and not by impact. 



FEATHER Valve With Cover Removed 


Worthington Horizontal Kerosene Engine 

Built in single cylinder type in li/4, 2i/^, 4, 6, 8, 
10 and 15 H. P. sizes. All are hopi^r cooled and 
equipped wdth throttling governor with the excep¬ 
tion of the IV^ H. P. size which operates on gasoline 
only and is equipped with hit and miss type of 
govemor. Sizes from 10 to 25 H. P. cooled by run¬ 
ning water or siphon system. 

Worthington Diesel Engine, Two-Cycle Solid Injec¬ 
tion Type 

The engine shown is of vertical two-cycle solid 
fuel oil injection type with full Diesel combustion. 
It is of the cross head design, sizes from 30 to 450 
H.P., 1 to 6 cylinders. 



Worthington Diesel Engine, 
Two-Cycle Solid Injection Type 


Snow Type Horizontal Oil Engine 

Built in 1, 2 and 3 cylinders, in sizes 65 to 600 
H.P. It is of the horizontal four-cycle full Diesd 
cross head type, the construction in general follow¬ 
ing that of the 150 H.P. size shown herewith. 
Equipped with compressor for starting and for in¬ 
jecting the oil. Feather Valves are a distinctive 
feature of the compressor. 



150 H. P. Snow Type Single Cylinder Engine 

Hydraulic Turbines 

Are of the well known Francis Reaction Tsrpe. 
Duplicate wheels and repairs for the “Victor” Hy¬ 
draulic Turbine—acquired from the Platt Iron 
Works—can be supplied. 

For Low Head Service From 10 to 50 Feet 

A complete line of vertical and horizontal stand¬ 
ard wheels of the open flume as well as enclosed 
casing type, in output from 32 to 6400 BHP and in 
speed from 385 to 275 RPM. Noteworthy features 
are the rigidity, ruggedness and simplicity of de¬ 
sign to insure reliability even under unfavorable 
conditions, ease of erection and accessibility for in¬ 
spection or repairs. 

For Medium Head Service From 50 to 300 Feet 
A complete line of standard wheels of both the 
vertical and horizontal type in output from 50 to 
5000 BHP and in speed from 900 to 240 RPM. The 
entire line can be equipped with either spiral or 
cylindrical casings as particular conditions may 
dictate. 

For High Head Service up to 1,000 Feet 

Runners are built to insure high efficiency, in¬ 
creased power output and freedom from wear due to 
eddy currents. Gate mechanism is of the “outside” 
type. Water channels are free from links and 
joints, hence do not depend on water for lubrication. 
Draft tube design insures freedom from vibration. 

The govemor design—evolved through long ex¬ 
perience—meets all requirements of regulation and 
insures continuous service. 

Special designs submitted to meet existing con¬ 
ditions. 
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OIL ENGINES. 


DE LA VERGNE MACHINE COMPANY. 



DE LA VERGNE MACHINE COMPANY 

2107 East 138th Street, NEW YORK CITY 

Manufacturers of Oil Engines for Stationary Service 

Also Refrigerating and Ice-Making Machinery 


De La Vergne Oil Engines: 

Sizes of De La Vergne heavy duty Oil Engines 
range from 40 to 1080 H.P. per unit. All engines 
developed to c^erate on practically any petroleum 
oil obtainable in the United States or Mexico^ 

■ Type “DH”; .Range of sizes 40 to 130 H.P. hor¬ 
izontal cylinders. 

Fuel Guarantee: 

40 to 80 KJP. Slzos 

Pull Load: 0.55 lbs. per B.H.P. Hr. 

% Load: 0.55 lbs. per B.H.P. Hr. 

% Load: 0.65 lbs. per B.H.P. Hr. 

65 and 130 KJP. Sixss 

Pull Load: 0.50 lbs. per B.H.P. Hr. 

\ Load: 0.50 lbs. per B.H.P. Hr. 

% Load: 0.55 lbs. per B.H.P. Hr. 



De La Vergne Oil Engine—Type “DH” 


This type is an improvement as regards fuel 
economy and grade of oil over former and well 
known Homsby-Akroyd Oil Engine. Operates at 
slow speeds, on the four-stroke cycle; no electric 
ignition. En^ne extremely simple and reliable. 

Logical prime mover for Municipal Power and 
Lighting Plants, small Pipe Line Pumping units 
and auxiliaries; small isolated industrial plants and 
for auxiliary use in plants where larger capacity 
engines are used as prime movers. 



De La Vergne High Speed Refrigerating Machine 


De La Vergne-Diesel Engine 

Types ‘TD” and “SI”; Range of sizes 100 H.P. 
and up in horizontal cylinder arrangements of one 
to six. 

Fuel Guarantee: 

Full Load: 0.45 lbs. per B.H.P. Hr. 

% Load; 0.45 Iba per B.H.P. Hr. 

H Load: 0.50 lbs. per B.H.P. Hr. , 



De La Vergne OH Engine—Type “SI” 


Operates at low speeds and actually obtains fuel 
economy of .40 lbs. per B.H.P. Hr. at full load. 
Engine runs on the four-stroke cycle and is the 
direct result of oil engine manufacturing experi¬ 
ence of over 25 years. En^ne is extremely re¬ 
liable, durable and economical. Logical prime 
mover for the larger power plants where the oil 
engine is applicable. 

The Type “SI” has the same good points as the 
“Air Injection” Diesel Engine, i. e., high fuel econ¬ 
omy, wide range of fuel and immediate starting, 
and in addition, eliminates the blast air compres¬ 
sor and its driving mechanism, also the cam-oper¬ 
ated spray valve. This results in higher mechanical 
efficiency, lower cost of maintenance, lower air 
pressure for starting. The MAXIMUM SIMPLIC¬ 
ITY OF ENGINE CONSTRUCTION. 



A Typical De La Vergne Oil Engine Installation. 200 H.P. . 
Type “SI” at Boston Gear Works, Norfolk Downs, BCass. 
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DODGE SALES & ENGINEERING CO. 


J OIL ENGINES. 

DODGE SALES & ENGINEERING CO. 

MISHAWAKA, INDIANA 

Manufacturers of Oil Engines 

For List of Engineering and Sales Offices See Pages 210 and 660 



Products 

Dodge Heavy Oil Engines. 

For Power Transmission Machinery see pages 
210, 211 and 212; for Elevating and Conveying 
Equipment, see pages 650 and 651. 

The Dodge Heavy Oil Engine 

The Dodge engine is built on the improved 
Diesel principle. This means that it has all of the 
features of economy and reliability of the larger 
types but without the objectionable features such 
as multi-stage air compressors and high pressure 
fuel pumps. 



These engines use low priced fuel oils on a 
guaranteed consumption basis of .5 of a pound of 
fuel oil per B. H. P. hour. 

Combustion is accomplish^ by compression 
only—there are no hot plates, pipes, electric torches 
or other preheating devices. 



Interchangeability is developed in the Dodge 
engine to a high degree. The one cylinder 12V^ 
H. P. engine differs only from the six cylinder 75 
H. P. size in length of base, crank shaft and cam 
shaft. 

Lubrication is provided by a positive mechan¬ 
ically driven force feed lubricator which supplies 
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all cylinders, main bearings, connecting rods. 
Crank pins are lubricated from the force feed lubri¬ 
cator by the use of oil rings. The oil feed to bear¬ 
ings can be easily and accurately adjusted. 

Dodge Heavy Oil Engines can be furnished either for 
belt drive, arranged for direct connection to generators or 
complete with generator. They are also built in marine 
types in the same range of size and are adapted for service 
on tugs, freighters, dredges, etc. 

These units offer an economical and satisfactory solution 
of the additional power problem without making necessary 
the re-arrangement or addition to central station equipment. 
They are especially adapted for mine lighting plants and 
other auxiliary service as well as for main power within 
their range of sizes. 

Method of Operation 

The Dodge Four-Cycle Engine operates on the principle 
of ignition by compression. 

pSiel oil from 
the supply tank 
is fed through a 
pipe and inlet 
(A) past needle 
valve (B) (con¬ 
trolled by the 
governor) to the 
fuel inlet valve 
(C), which is 
opened by a 
rocker arm dur¬ 
ing the inspira¬ 
tion stroke and 
admits the fuel 
to the cup (D), 
which extends 
down to the cyl¬ 
inder. 

During the in¬ 
spiration stroke 
pure air only is 
taken into the 
cylinder and on 
the compression 
stroke this air is 
brought to a 
pressure of 450 
pounds, which 
gives a temperature of about 1000“ F. This hot air enters 
fuel cup (D) through small holes at the bottom of the cup 
and at the same time the heat created by compression is 
transmitted through the walls of the cup—^vaporizing part 
of the fuel inside the cup, so that at the end of the compres¬ 
sion stroke (when the piston is nearest the cylinder head) 
this vapor will forcibly expand and the force of this expan¬ 
sion will spray the still fluid remainder of the fuel through 
the holes into the combustion chamber (E), where combus¬ 
tion immediately takes place and drives the piston on its 
power stroke; the piston then returns on its exhaust stroke 
and the cycle is complete. 


8TATZOHASY BHOZn 8PBOXFZGATZOH8 
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and measurements 

Size 

Number of 


Net 

boxed for export 

B. H. P. 

Cylinders 

R. P. M. 

Weight, 






Lbs. 

Gross 

Meas- 





Weight. 

urements, 




1 

Lbs. 

Cu. Ft. 

12 ^ 

1 

460 

3000 ~ 1 

3900 

90 

25 

2 

450 

4000 

5000 

110 

37 Mi 

3 

450 

5100 

6200 

130 

50 

4 

450 

6200 

7500 

150 

75 1 

6 

450 

8400 

10000 

190 
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MclNTOSH & SEYMOUR CORP. _ DIESEL ENGINES, 

McIntosh & seymour corp. 

AUBURN, NEW YORK, U. S. A. 

District Offices 

149 Broadway, New York City 815 Sheldon Bldg., San Francisco, Cal. 

700 Interstate Bldg., Kansas City, Mo. 412 Bisbee Bldg., Jacksonville, Fla. 

412 Dallas County State Bank Bldg., Dallas, Texas 

DIESEL OIL ENGINES 



300 Brake Horse Power Diesel Oil Engine in a Power Plant for a Mine 


A 3-B-33 engine rated at 300 brake horse power 
at 200 R.P.M. connected to a 200 K.W. 60-cycle 
alternating current generator with direct connected 
exciter, furnishing power for a western copper 
mine, is shown in the picture above. The complete 
plant, except for the tanks in which the fuel oil is 
stored, is shown. 

The full economy of the Diesel type engine has 
an enhanced value in plants remote from railroads 
where transportation costs are high. It is possible 
to bring in enough oil fuel for this plant for sev¬ 
eral days running by a single trip of a motor truck. 
This is a great advantage where continuous opera¬ 
tion is important. 

The small amount of water required by a Diesel 
type of engine is a great advantage in a mining 
plant where water is apt to be scarce. 

In such a case it is usual to use a cooling tower 
or spray pond, so the water can be cooled and used 
over and over again. The loss, due to the spraying 
for the cooling depends on the arrangement of the 
tower or pond, the amount of cooling and the wind. 
This loss would amount to an average of perhaps 
two gallons a minute for a power plant of this size 
at full load to make up the loss due to cooling. 
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For mining service where the load is very 
variable, the flat economy curve of the Diesel en¬ 
gine is very advantageous, as it enables high 
efficiency to be obtained even in spite of the vari¬ 
able nature of the load. 


BUBS AVAIBABBB 


B. H. P. 

Speed 
R. P. M. 

Actual 
K. W. 
of Gen¬ 
erator 

No. of 
Cylin¬ 
ders 

Type and 
Size of 
Engine 

Code Word 
for Engine 

100 

257 

65 

£• 

2-B-25 

WESCOTT 

150 

257 

100 

3 

3-B-25 

WESTERN 

200 

257 

135 

4 

4-B-25 

WESTERLY 

300 

257 

200 

6 

6-B-26 

WESTFALL 

200 

200 

135 

2 

2-B-33 

WELSH 

300 

200 

200 

3 

3-B-33 

WENCH 

400 

200 

275 

4 

4-B-33 

WELKIN 

600 

200 

410 

6 

6-B-33 

WELTER 

500 

164 

350 

4 

4-A-38 1 

WRANGLE 

550 

164 

385 

4 

4-B-40 

WHIZ 

825 

164 

580 

6 

6-B-40 

WHIZER 

665 

150 

460 

4 

4-B-44 

WIERD 

1000 

150 

700 

6 

6-B-44 

WEDDING 

750 

150 

525 

4 

4-C-46 

WRAP 

1150 

150 

800 

6 

6-C-46 

WRAPPER 

1600 

106 

1135 

6 

6-C-56 

WATERFALL 

2140 

106 

1500 

8 

8-C-56 

WANDERING 

2500 

90 

1750 

8 

_ 1 

8-C-60 

_1 

WARBLING 
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g0 OILENGINES. MUNCIE OIL ENGINE COMPANY. 


MUNCIE OIL ENGINE COMPANY 

MUNCIE, INDIANA 

Export OflBce—36-40 West 60th St., New York, N. Y., U. S. A. 


Manufacturers of 


Muncie Crude and Fuel Oil Engines 

Made in Sizes 10 to 250 B. H. P. 


General Description 

All Muncie Oil Engines are of horizontal t:^ 
and operate on the two-cycle principle, obtaining 
the temperature for ignition on the second stroke by 
means of a hot bulb or igniter head which, on start¬ 
ing, is heated by outside means. When the engine 
is in operation, the igniter head is maintained at 
sufficient temperature by the heat of the combus¬ 
tion of the fuel. 

The crank case is enclosed, and the front end of 
the piston is used as a scavenging pump. When 
on the back stroke it draws air only into the crank 
case, through the automatic air inlet valve chamber 
attached. The air is compressed in the crank case 
on the next, or forward, stroke to a pressure less 
than 3 lbs. i^r square inch and is then admitted to 
the combustion chamber through the transfer ports 
controlled by. the piston. When on the next, or 
rearward stroke, a charge of fuel is forced in by the 
governor-driven injection pump through the injec¬ 
tor nozzle in the cylinder head, directly onto the 
igniter spoon in the combustion chamber. Here it 
is volatilize and ignited by the heat of the igniter 
head, compression plate and the increasing heat of 
compdression. 

The piston, on passing to forward position, un¬ 
covers the exhaust ports on lower side of cylinder, 
through which the burned charge escapes by force 
of its expansion and aid from scavenging air from 
crank case admitted before exhaust is complete. 

Muncie Oil En^nes operate on crude oil and resi¬ 
dual fuel oils, distillates, gas oil, kerosene, etc., and 
are equally as well suited on one of these fuels as 
another. ‘ The economy therefore best obtained is 
determined on the selection of such fuels of that 
range as can be most conveniently obtained, and de¬ 
livered at the most favorable price jwr gallon. 

The fuel consumption is practically the same 
with one fuel as with another. The choice should 
be made therefore also with the storage and hand¬ 
ling in view, the 
heavier fuels in 
colder weather be¬ 
ing so protected 
or stored and sup¬ 
ply pipes so en¬ 
larged as to avoid 
difficulty in pump¬ 
ing or delivery 
from the expos¬ 
ure to winter ele- 

„ ^ ments, which al- 

Right Hand Rear View 80 H.P. Type 
“C” Special Heavy Duty Muncie Oil En- WRyS COn^6EiS OT 
gine. Note heavy fly wheels as employ- afiffpriQ fVlP VinHv 
ed on Special Electric Engine.s. SUllcns LHC UOUy 

of any fuel to a 
certain extent. Fuels should be selected having a 
cold test to suit the conditions prevailing where 
installation is made. 

Fuel Economy—^The principal asset of any oil 
engine—is but one of the many advantages; others 



deserving attention are: The space saved in the 
installation; the flexibility of the engine as regards 
automatic control under varying loads, without per¬ 
sonal attention or manual adjustments; the lack of 
continued or constant attention when once started, 
other than addition of proper lubricating oil and oc¬ 
casional inspection of mechanical adjustments when 
not in operation; the ease of effort on the part of 
operator to get the plant in operation under load 
quickly; the saving of space for storage of fuel 
supply—^for example, twelve to fourteen weeks sup¬ 
ply of fuel oil would occupy the same amount of 
space as only one weeks supply of coal; the handling 
of the liquid fuel—it will un¬ 
load itself from tank cars, or 
one carload can be pumped out 
by small power 


drive pump in 
a few hours, 
where storage 
tank is located 
above the rail¬ 
road tank car 
levels. For de¬ 
livery to the 



Cross Section Through Cylinder Type 
‘C” Special Heavy Duty Muncie Oil Engine 


.. Special Heavy Duty Muncie Oil Engine 

611^1116 tll6 re- as made in sizes 40 H.P. and above. Com- 
quired fuel is chamber design similar on all sizes. 

automatically drawn and handled without any work 
on part of operator. These advantages are offered by 
any oil engine when properly equipped as is the 
Muncie Oil En^ne. 

Muncie Engines are exceptionally adapted where 
constant service is desired, owing to their simple 
and heavy construction, lliey will develop their 
full rated capacity easily, and will operate on frac¬ 
tional loads, or intermittent loads, very successfully. 
Owing to the ease and readiness of starting and re¬ 
liability of operation, they are specially fitted for 
the operation of mine pumps, air compressors, 
vacuum pumps, fans, blowers, hoists, conveyors, 
dredge pumps, gravel pumi», mine or stone crush¬ 
ers, pulverizers, etc. Special electric types of en¬ 
gines are furnished for driving electric generators 
for power or lighting purposes, for single or parallel 
operation of alternating or direct current gener¬ 
ators, belted or direct connected. 

Spare parts are furnished with the en^ne equip¬ 
ment to replace such parts usually subject to re¬ 
newal by wear within a year or so. All parts are 
machined in duplicate and are interchangeable to 
the finest degree, the minimum of fitting being 
required. 

The main bearings are made of genuine babbitt 
metal, poured, peined, bored, scraped and fitted to 
the proper clearance. Connecting rod bronze bush¬ 
ings are cast to special analysis. 

Cylinders are cast of close grain, grey iron, es¬ 
pecially hardened on the wearing surface by a chill¬ 
ing process giving uniform hardness to permit the 
wear being subjected to them instead of the cylin- 


8ECTION III 


MINING CATALOG 


Digitized by ^ooQie 





MUNCIE OIL ENGINE COMPANY, 


OIL ENGINES. 




der. Piston rings are concentric, absolutely cylin¬ 
drical in form after finishing, making a positive 
gas-tight fit. 


The connecting rod is exceptionally strong, 
being fitted at each end with removable bushings 
of bronze, made in halves, each being accurately 

fitt^ to the 



bearing housing 
at the ends. 

The friction 
clutch pulley is 
carried on an 
extension shaft 
which is secured 
to the fly wheel 
hub face b y 
means of a 
flange coupling 
designed and 

Right Hand View 100 H.P. Type “C" machined tO fit 
Special Heavy Duty Muncle Oil Engine. over the exten¬ 
sion of crank 

shaft projecting from fly wheel, aligning it with 
the crank shaft. 


The crank shaft is forged from a solid billet of 
open hearth steel, accurately machined, and is 
equipped with counter-balances. 

The cooling water is provided by means of a 
forced circulating system which may be, according 
to conditions prevailing at installation, either 
plunger type of pump, belted, geared or eccentric 
driven or belted centrifugal pump. 

As to cost of operation with the Muncie Oil En¬ 
gine, taking the average from a medium size engine 
50 to 100 H. P. and at full load basis you are assured 
of a cost of power at the following figures: 


COST OP POWZB PBOSOOBD 


Cost of 
Fuel Per 
Gallon 

1 

1 Cost in 
Cents, 
IBHPHour 

Cost in 
Dollars, 
1,000 BHP 
Hours 

12%c 

1- 1 

$10.00 

12c 

.96 

9.60 

11c 

.88 

8.80 

10c 

.80 

8.00 

9c 

.72 

7.20 

8c 

.64 

6.40 

7c 

.56 

5.60 

6c 

.48 

4.80 

5c 

.40 

4.00 

4c 

.32 

3.20 


For determining the cost 
for fractional loads the rate 
of fuel consumption of same 
rang^e of size is griven below. 


PEB BBAKE K.P. PEB KOUB, 
UBZHO PUEI i OZE 26** TO 28 ° 
OBAVZTT, (BEAUME) 


Load ■ ^ 

IPounds^ 

Pints 

Full . 

.6 1 

.643 

Three-quarter. 

.66 

.707 

One-half. 

.78 

.836 


Note—Oil of from 26® to 28® 
Beaume gravity will weigh ap¬ 
proximately 7.465 lbs. per gal. 


OEEBBAX 8PEOIPZGATIOH8 OP MTOOZE OHi EHOZVE8 10 TO 125 B. H. P. 
8ee 8peclal Bnlletliis for 8isos up to and Including 250 B. K. P^ 


lYpe of Doign. 

1 2BN 

1 3BN 

4ANA 

1 4ANB 

4ANC 

4FCNA 

4FCNB 

4FCTiC 1 

1 5CNA 1 

1 6CNB 

1 eCNA 1 

7CNA 

1 7CNB 

[ 8CNA 

8CNB 

latii«H.P. 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

1 70 

80 

85 

100 

126 

Bore and Stroke. 

6^x10 

9x13 

10x15 

10x16 

11x16 

11x17 

12x17 

12x18 

12x19 

13x19 

13%z20 

15x22 

15%z22 

16x24 

17x25 

Speed. 

375 

250 

250 

250 

250 

265 

250 

250 j 

250 

240 

1 225 

200 

200 

190 

190 

Crankxbaft Bearings. 

3x6% 

4x8 

1 5x10 

5x10 

5x10 

6%xl6 

6%xl6 

6%xl6 I 

6%xl5 

6%xl6 

7x17 

7%xl7 

7%xl7 

8%xl7 

8%xl7 

Crank Pin. 

3x3 

4x4 

1 514 x 5 

5%x5 

5%x5 

1 6%x6% 

6%x6% 

6%x6% 

3%x6%i 

3%x6% 

7x7 

7%x7% 

7%x7% 

8%x8% 

9x8% 

Piston Pin. 

l%x3 

2%x4 

3%x5 

3%x5 

3%i5 

' 3%x5 

3%x5 

3%l6 1 

4%x3% 

4y4x3% 

6x7 

5%x7% 

5%x7% 

6x8% 

6x8% 

Len. Con. Bod Cen... 

30 

36 

40 

40 

1 40 

1 51 

51 

51 

54 1 

54 

60 

66 

66 

72 

72 

Length of PlsUm.... 

14% 

17% 

' 24% 

24% 

24% 

26* 

26* 

26* 

28% 1 

28% 

31% 1 

31% 

31% 

34 

34 

Exhaust Outlet. 

4 

5 , 

6 

6 

6 

1 6 

6 

6 

8 

8 

8 1 

8 

8 

10 

10 

Air Inlet. I 

3 


6 

6 

5 

3 1 

6 

3 

3 

3 

3 

6 

6 

8 

8 

Cylinder to Wall.... 1 

2-5 

3-5 ! 

3-8 

3-8 

3-8 

1 5-5 1 

6-5 

5-6 1 

5-10 ! 

6-10 

6-6 1 

6-10 1 

6-10 

7-10 

8-10 


STANDARD COMMERCIAL BELTED ENGINES—For til ordintry Poww Sonrieo exeeptlni drivini Eloetrio Gonoraton 


Flywheel Size. 

48x3% 

60x4% 

60x4 

69x5% 

69x5% 

69x5% 

72x6 

72x6 

76x6% 

76x6% 

82x7 

88x8 

88x8 

96x9% 

96x11% 

Fly Wheel Weight... 

350 

768 

1010 

1500 

1500 

1620 

1780 

1780 

1910 

1910 

2225 

3000 

3000 

4100 

4400 

Clutch Pulley. 

•20x6 

16x12 

22x12 

24x12 

28x12 

32x12 

34x12 

36x12 

38x12 

42x12 

48x14 

60x14 

64x14 

72x16 

76x18 

Aitboard Bearing... 
Floor Space W. x L.. 

5-0X6-6 

3*xl4 

8-3x7-11 

3HX12 

9-6x8-11 

3iixl2 

9-6X9-3 

3H3C12 , 
9-6X9-3 j 

3Uxl0 

12-0x10-9 

31ixl6 

12-0x10-10 

3Uxl6 

12-0x10-101 

3H»13 

12-0x11-4 

3i|xl6 

112-0x11-4 

4*xl8 

12-6x12-3 

4*xl8 

13-0x13-3 

4*xl8 

13-0x13-3 

5*z21 

15-8x14-7 

5*X21 

15-8x14-7 

Shipping Weight.... 

2700 

5600 

8050 

9000 

9500 1 

1 14000 

15000 

16000 1 

1 17000 

1 18000 

1 22000 

26000 

27500 

32500 

36000 


STANDARD COMMERCIAL DIRECT COUPLED ENGINES—For all ordinary Pown* Sorvieo exeeptlni drivini Eloctrie Gonoraton 


Flywheel Size.| 

48x3 % 1 

H 

0 

CO 

60x4 

69x5% 1 

1 69x5% 

69x5% 

72x6 

72x6 

76x6% 

76x6% 

82x7 

88x8 

88x8 

96x9% 

96x11% 

Flywheel Weight... 

350 

768 

1010 

1500 

1500 

1620 

1780 

1780 

1910 

1910 

2225 

3000 

3000 

4100 

4400 

C. 0. Coupling Sym. .1 

B 

G 

C 

C 

c 

35 

35 

35 

45 j 

45 

60 

80 

80 

100 

130 

^»ee for Fla. Cou.. I 

4 1 

4* 

5 1 

5 

5 1 

5 

5 

5 

5% 

5% 

5% 

6% 

6% 

6% 

6% 

Outboard Bearing... { 

2Hxl2l 3*xl4 

3^x12 

3Uxl2 I 

3Uxl2 


3Uxl6 



3Hxl6 

4*xl8 

4*xl8 

4*xl8 

5*x21 

5*x21 

Floor Space W. x L.. 

8-2x6-31 

9-4X7-6 

11-0x8-11' 

11-0x9-3%! 

11-0x9-3 %j 

12-4x10-9 

12-4x10-10 

12-4x10-10 

12-6x11-412-6x11-4 

13-4x12-3 

13-10x13-3 

13-10x13-3 

14-9x14-7 

15-0x14-7 

Shipping Weight.... i 

2800 1 

5600 

8250 1 

9250 1 

9850 1 

14500 

15500 i 

1 16500 

17500 1 

18500 1 

22500 

26600 

28000 

32700 

36800 


SPECIAL ELECTRIC ENGINES BELTED FROM WIDE FACE FLY WHEEL—For drivini Eioetrie Gonoraton 


LH. Fly Wheel Size. 

48x4% 

60x7% 

69x9% 

69x9% 

72x9% 

72x9% 

76x10% 

76x10% 

76x12% 

76x12% 

82x12% 

88x14% 

88x14% 

96x18 

96x20 

LlH. Fly Wheel Wgt. 

544 

1555 

1740 

1740 

2252 

2328 

2700 

2700 

2985 

2985 

4200 

6935 

6935 

7100 

8100 

AH. Fly Wheel Size. 

48x3% 

60x4 

69x5% 

69x5% 

72x6 

72x6 

76x6 

76x6 

76x6 

76x6 

82x5% 

88x6% 

88x6% 

96x10% 

96x12 

1.H Fly Wh:!el Wgt. 

350 

867 

1500 

1500 

1602 

1678 

2160 

2160 

2160 

2160 

3225 

5000 

5000 

5100 

5500 

Nob. Kilo. Bating. . .j 

6% 

13% 

16% 

20 

23% 

26% 

30 

33% 

36% 

40 

46% 

63% 

56% 

66% 

33% 

Outboard Bearing... 
Floor Space W. xL.. 

3-8X6-2 

3*xl4 

6-6X7-6 

3Hx12 

8-3X9-3 

3Hxl2 1 
8-319-3 , 

3U*12 

8-3x9-4% 

3UX16 

10-3x10-10 

3^x16 

10-3x11-0 

3Hx16 

10-3x11-0 

3Hxl6 

10-3x11-4 

3i*xl6 

10-3x11-4 

4*xl8 

10-10x12-3 

4*xl8 

11-3x13-3 

4*xl8 

11-3x13-3 

5*x21 

12-7x14-7 

5*x21 

12-9x14-7 

Shipping Weight.... 1 

3000 1 

1 6300 , 

9260 

9760 1 

10600 

14500 1 

16000 i 

16900 1 

17900 

18900 

24500 

31500 

32500 

35300 

39700 


*0a 10 H. P. has clutch pulley bolted to fly wheel and has no extension shaft or outboard bearing. 


NOTE:—On 40 H. P. and all larger sixes there is furnished Complete Air Starting Outfit of liberal proportions. Fuel Oil Blast Burner, Auxiliary Fuel Lift Pump and Tank complete with fittings. 
AQ enginn furnished Left Hand Drive unless otherwise specified on order. (Standing at cylinder end facing fly wheels. Drive will be to the left). 


The standard of equipment Includes: 

1. All the necessary auxiliaries to the engine and the usual list of 
spare parts and wrenches, fittings, grease cups, etc. 

2. Mechanical force feed lubricator and fittings complete. 

3. Water circulating pump and fittings. 

4. Auxiliary fuel pump and tank and fittings. 

5. Air starting equipment complete, compressor, pulley, belt, tanks 
and fittings, with auxiliary gasoline engine for operating compressor. 

6. Exhaust fittings complete from cylinder to cast iron muffler and 
Including cast iron muffler and stack. 

7. Complete piping and fittings for air, oil, and water supply and 
drain purposes. 

8. Driving apparatus to suit the type of installation: 

(a) Friction Clutch Pulley for Standard Commercial Service. 

(b) Friction Cut-off Coupling for Standard Commercial Direct 
Conected Service. 

(c) Heavy Fly Wheels with wide face for belting to generators, 
fd) Heavy Wheels and special extension shaft and coupling for 

rotor for direct connecting to generators. 



Left Hand View 100 H. P. Type “C’ Special Heavy 
Duty Muncie Oil Engine Showing Regular Equipment 
for Belt Driving. 
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182 FITTINGS. 


CRANE COMPANY. 


CRANE COMPANY 


General Offices: 

836 So. Michigan Ave., Chicago, Dl. 


Works: 

Chicago, III., and Bridgeport, Conn. 


Manufacturers of Valves, Fittings, Steam Specialties 


ABERDEEN 

ALBANY 

ATLANTA 

BALTIMORE 

BILLINGS 

BIRMINGHAM 

BOSTON 

BRIDGEPORT 

BROOKLYN 

BUFFALO 

CAMDEN 


CHICAGO 

CINCINNATI 

DAVENPORT 

DES MOINES 

DETROIT 

DULUTH 

FARGO 

GRAND RAPIDS 
GREAT FALLS 
INDIANAPOLIS 


BSAVOK 

KANSAS CITY 
KNOXVILLE 

lima 

LITTLE ROCK 

LOS ANGELES 

MEMPHIS 

MINNEAPOLIS 

MUSKOGEE 

NEWARK 

NEW ORLEANS 


SOUSES 

NEW YORK 

OAKLAND 

OGDEN 

OKLAHOMA CITY 
OMAHA 
OSHKOSH 
PHILADELPHIA 
PITTSBURGH 
POCATELLO 
PORTLAND. ORE 
READING. PA. 


ROCHESTER 
ROCKFORD 
SACRAMENTO 
SALT LAKE CITY 
SAN FRANCISCO 
SAVANNAH 
SEATTLE 
SIOUX CITY 
SPOKANE 

SPRINGFIELD. MASS. 


ST. PAUL 
ST. LOUIS 
SYRACUSE 
TACOMA 
TERRE HAUTE 
TULSA 

WASHINGTON 
WATERTOWN 
WICHITA 
WINONA, MINN. 


CRANE, Limited 


MONTREAL, TORONTO. VANCOUVER, WINNIPEG, LONDON, ENG., 
SYDNEY. N. S. W., QUEBEC, HALIFAX, OTTAWA, CALGARY. 


We are manufacturers of many thousands of articles, including valves, pipe fittings and steam 
specialties, made of brass, iron, ferrosteel, cast steel and forged steel, in all sizes, for all pressures and 
all purposes; sanitation equipment for buildings of all kinds and sizes, and are distributors of pipe, 
heating and plumbing materials. 


Products 

Power plant specialties, fabricated pipe and 
bends ready for erection, pop safety valves, engine 
stop valves, steam traps, swivel expansion joints, 
steam separators, cast steel headers, pipe sup¬ 
ports, exhaust relief valves, mine piping, pump 
columns, stop valves, check valves, water relief 
valves, flanges, bolts, gaskets, cocks for air lines, 
sediment traps, air s^ety valves, pressure regu¬ 
lators, expansion joints, screwed and flanged fit¬ 
ting, sanitary drainage fittings, long sweep water 
fittings and plumbing fixtures. 


Regrinding Globe, Angle, Cross, Check Valves 

These valves are made of Crane 

£ Special Brass. They are fitted 
with our improved non-heating 
malleable iron wheel and may be 
repacked when open and under 
pressure. The body is reinforced 
by a heavy union ring and when 
pressure is applied any tendency 
of the body to stretch is counter¬ 
acted by this ring and the contact 
between the body and the ring be¬ 
comes more intimate as the pres¬ 
sure increases. Tested to 250 
pounds hydraulic pressure per 


No. 70 Globe. 


square inch. 


Extra Heavy Gate Valves, 0. S. & Y. 

These valves are made of Crane Ferrosteel with 
extra heavy hard metal seats which are screwed 
to shoulders in body, thereby insur¬ 
ing perfect joints. Seats can be re¬ 
moved at any time it may be necessary 
to renew them. The gate is made 
very stiff and is faced with hard 
metal. The ^ides in the gates are 
carefully finished so as to slide 
smoothly on ribs in the body, thus 
preventing any rattling when the 
valve is open or any uneven wear of 
faces. Stuffing box flange is of mal¬ 
leable iron with a brass follower, 
giving additional strength and dura- No. »-e 
bility at that point. These valves may be packed 
when open. Tested to 800 pounds hydraulic pres¬ 
sure per equare inch. 



Mine Cocks 

For Compressed Air Lines are 
tested under air pressure and are 
suitable for 125 pounds air pressure 
and 175 pounds cold water working 
pressure. They are made all iron, 
or iron with brass plug, and have no. hi 
good steel springs which automatically take up 
wear. 




Forged Steel Globe and 
Angle Valves 

Meet the demand for a 
thoroughly reliable valve for nse 
with hydraulic presses and extreme 
high pressure air or gas installa¬ 
tions. The body is machined from 
a solid steel forging. The seat is 
easily renewable. These valves are 
recommended for cold water or oil 
working pressures up to 6,000 
pounds hydrostatic. 


* No. 22S-H. 


Extra Heavy Hydraulic Cast Steel Gate Valves 

The bodies, bonnets, yokes and discs of these 
valves are made of Crane (^t 
Steel. In sizes above 2-inch 
the disc is faced with hard 
metal; size 2-inch has disc 
in solid hard metal. The con¬ 
struction of the seat and 
method of screwing it in the 
body, the strength and finish 
of the ^te and stuffing box 
are similar to our No. 9-E 
valve. Also they may be 
packed while under pressure. 
These valves are recommended for cold water or 
oil working pressures up to 3,000 pounds hydro¬ 
static, and are tested to 3,000 pounds hydraulic 
pressure. 
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CRANE COMPANY. 


VALVES AND FITTINGS. -J 


Crane-Erwood Automatic Double Acting Non* 
Return and Emergency Cut-Out Valve. 

The principle duties of the Crane-Erwood Valve 
are boiler protection, header pro¬ 
tection, automatic cut in, line 
protection. These valves are 
extra heavy, made of ferro- 
steel with hard metal seats and 
discs and are recommended for 
steam working pressures up to 
250 pounds. The levers on the 
outside of the valve are in line 
with the discs and ^ve a posi¬ 
tive indication of their position and the operation 
of the valve at all times. The valve may be ad¬ 
justed to close at any desired velocity. Adjust¬ 
ments are made from the outside while the valve 
is in operation. 



Sediment Separators 



Hydraulic Malleable Iron Screwed Fittings 


The Crane line of malleable iron fittings inoludes 
all the necessary sizes and shapes for cold water 
or oil working pressures as follows: 

1-inch and smaller, 2,000 pounds hydrostatic. 


IVi to 2-inch, 
2^ to 4-inch, 

5 and 6-ineh, 
8-inch, 

10 and 12-inch, 


1,500 

1,000 “ 
800 
600 

500 “ 


For water working pressures up 
to 250 lbs. These sediment sepa¬ 
rators are constructed in a strong 
and substantial manner and will be 
found exceptionally valuable for use 
in connection with steam traps, 
pumps, injector and ejector suction 
pipes, feed water lines, etc. by pre¬ 
venting foreign substances from 
passing through and settling on valve 
seats and other places that should be 
kept entirely clear and free from such obstructions. 


These fittings are tested to hydraulic pressures 
corresponding to the above working pressures. 


Unions and Union Fittings 

Made with leak proof brass to iron 
seat require no gaskets, may be taken 
apart readily and the seat is non-cor- 
rosive. Made of malleable iron for 
steam working pressures up to 250 no. bi». 
pounds. 



Cranetilt Steam Traps 



Boiler l*'eed. 
They are es- 


Are designed as Non-Return, 

Lifting, Vacuum or Metering traps, 
pecially adapted for use on 
return lines handling con¬ 
densation under varying pres¬ 
sures, especiaUy where the 
pressure will vary from a 
vacuum to steam pressure. 

The Cranetilt Three Valve 
trap gives excellent service on 
returns on apparatus that has 

a varying pressure while in_ 

service or a low initial start¬ 
ing pressure and a high ter- ’’*■***• 

minal pressure. Buy steam traps by their discharge 
capacity—not by pipe sizes. 



No. B91. No. 6»( 


Headers 

We have excep- 
t i 0 n a 1 facilities 
for making any 
required design of 
headers in cast iron, ferrosteel or cast steel, for 
all pressures and piurwses. 



Flanged Pipe Joints 

With Crane Cast Steel or Forged Steel Flanges 
are highly recommended for use in connection 
with pipe bends. 


THREE) STANDARD TTPBS. 



No. 281-D. 
Screwed Joint 
with Cast Steel 
Planffe. 



No. 295-B. 
Craneweld Joint 
with Forced Steel 
Flange. 



Cranelap Joint 
with Cast Steel 
Flange. 


Pipe Supports, Hangers and Brackets 


Are suitable for pipe lines up to 30-inch. 



Our Catalogue No. 50, which describes our com¬ 
plete line, will be mailed upon request. 
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VALVES. 


JENKINS BROS. 


oJENKINS^ 

\MARK^ 


JENKINS BROS. 

Principal Stores and Offices 
80 White Street 133 North 7th Street 

NEW YORK, N. Y. PfflLADELPHIA, PA. 


524 Atlantic Avenue 
-BOSTON, MASS. 


646 Washington Blvd. 
CHICAGO, ILL. 




Factories in Bridgeport, Conn., and Elizabeth, N. J. 

JENKINS BROS., LIMITED 

Canadian Works and Head Office: Montreal, Quebec, 103 St. Remi Street 
London Office: 6 Great Queen Street, Kin^sway, W. C. 2 

MANUFACTURERS OF VALVES AND MECHANICAL RUBBER GOODS 


Products 

Jenkins Valves: Globe, Angle, Cross, Check, 
Hose, Y or Blow-off, and &fety Valves; Radiator 
Valves, in a variety of types; Air Valves, Fractional 
and Vacuum Valves, for heating systems; Extra 
Heavy Valves, specially designed for high pressures 
and severe conditions, in Globe, Angle, Cross, Check, 
Blow-off, Automatic Equalizing Stop and Check, 
and other patterns; Gate Valves, in Standard, 
Medium, and Extra Heavy patterns. Valves in 
Brass, Iron Body, and Cast Steel, for all pressures 
and puriMses. Rapid-Action Valves; Jenkins Air 
Gun Marine Valves. 

Back Pressure or Exhaust Valves; Steam Traps; 
Gage Cocks. 

Mechanical Rubber Goods: Jenkins ’96 and 
Jenarco and Oiltite Sheet Packing and Gaskets, 
Gasket Tubing, Pump Valves, Jenkins Composition 
Valve Discs, and the like, and Jenkins 
•■ip* Compressed Asbestos Jointing. 

JeL Valves for Mining Service 

CJ Jenkins Standard Pattern Brass 

Globe, Angle, and Cross Valves, sizes % 
to 3 inches, screwed or flanged, regularly 
furnished with Jenkins No. 119 Discs, 
suitable for 150 pounds steam pressure. 
Pig 106 . When specified for cold water, valves 
Brau Globa are fitted with Jenkins No. 93 Discs, 
ston'tord suitable for working water pressures up 
Pattern. to250pounds. Other sizes in brass made 
from iron body patterns. 

Jenkins Standard Pattern Iron 
Body Valves are heavier and stronger 
than the average iron body valves. 

They have renewable seat rings and 
JenMns Discs; and are suitable for 
same working pressure as the stand¬ 
ard pattern brass valves. Globe, and 
Angle Valves made in sizes 2 to 24 Fig. iti. 
inches, inclusive; Cross Valves up to vafve. 
8 inches. Flanges A. S. M. E. stand- standard ‘ 
ard dimensions. pattern. 

Jenkins Brass Horizontal, Angle, and Vertical 
Check Valves correspond to same standard as the 
Standard Pattern Globe and Angle 
Valves. Regularly furnished with Jen¬ 
kins Disc of semi-hard composition which 
will soften slightly under the action of 
Pig 118 water as required for boiler feed 
Brass Ang'ie lines. When specified for cold water. 
Check Valve.^ softcr and more flexible rub¬ 
ber disc is supplied, usually Jenkins No. 93 com¬ 
position. Suitable for 150 pounds working pres¬ 
sure. Sizes to 3 inches, screwed or flanged. 
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Jenkins Brass Swing Check Valves, 
Standard Pattern, are made with globe 
shaped bodies adapted for either hori- 
zontal or vertical installation; have re- 
pig. 862 . newable disc feature same as the hori- 
BrMs zontal pattern; and are suitable for same 
working pressures. Sizes ^ to 3 inches. 
Valve. screwed or flanged. 

Jenkins Iitm Body Horizimtal, 

Angle, Vertical, and Swing Check 
Valves made in sizes 2 to 10 inches; 
suitable for working pressures up to pig. 294. 
150 pounds. sirh.g'^**^ 

AT&l VB 

Jenkins All Iron Valves are recommended 

for service in places where, on account of 
possible corrosion, no brass mountings of any 
VL kind can be employed. The all iron bodies 
and mountings and renewable discs of cast 
jJL iron or of special Jenkins composition, make 

them suitable for handling solutions of cy- 
anide, saltpetre, caustic potash, and the like. 
It is advisable when ordering to specify con- 
ditions of service, so that disc of proper 
composition will be furnished. All Iron 
Aif i Globe and Angle Valves, with screwed hub, 

Globe Vafve. 75, sizes % to 2 inches; with yoke, as 

Fig. 142, sizes 2^^ inches and up; horizontal, 
angle and vertical check valves, % inch and up. AH Iron 
Gate Valves with solid iron, double faced w^ges sizes 
Ml inch and up. 


Flff. 352. 
Brass 
Swinff 
Check 
Valve. 


Flff. 294. 
Iron Body 
Swinff Check 
Valve. 


mg, 75. 
All Iron 
Globe Valve. 


Jenkins Y or Blow-off Valves, Standard Pattern, be¬ 
sides their extensive use for blow-off service, are particu¬ 
larly desirable for handling muddy or ^ 
gritty water. Have renewable seat 
rings and Jenkins Discs; suitable for 
160 pounds working steam pressure, ^ 
or 250 pounds working water pressure. 

Brass valves, sizes % to 3 inches; iron 
body valves, 2 to 8 inches, inclusive. 

Extra Heavy Patterns in both brass 

and iron body for working steam pres- 

sures of 250 pounds or 400 pounds pig, 124 . 

water fitted with Jenkins Steam Metal Brass T or 

Discs or Composition Discs as service Blow-off Valve. 

dictates. Standard Pattern. 

f Selclo Valves 

Are specially designed for rough 
usage. They are particularly valuable in 
places where different people, often care¬ 
less or hurried, have occasion to operate 
the valve, and where the service is ex¬ 
ceptionally severe. Turning hand wheel 
to the left pushes Disc Holder off the 
seat and opens the valve. Turning hand 
wheel to the right releases spindle from 
the Disc Holder, and spring forces Disc 
Holder to the seat, and the pressure 
holds valve closed. The strong armed 
^S^lcio cannot crush the disc. Made in sizes 

Valve. % to 2 inches. 
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Fig. 357. 
Selclo 
Valve. 
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JENKINS BROS. 


VALVES. 


Jenkins Gate Valres, all of the solid wedge dou> 
ble face type, are made in three distinct patterns, 
both inside screw, and outside screw and 
yoke. Standard Pattern, suitable for 125 
pounds steam or 175 pounds water pres¬ 
sure, sizes, brass ^ to 3 inches, iron body 
2 to 30 inches, inclusive. Flanges are A. 
S. M. E. Standard Dimensions. 

Medium Pressure, specially designed 
for steam or hot and cold water lines where 
high grade installation is required; but 
where the pressure does not warrant the 
_ use of the more expensive extra heavy pat- 
su^d^ tern, are guaranteed for 175 pounds steam 
Pattern, 259 pounds Water. Sizes: Brass, ^4 
to 3 inches; iron body 2 to 18 inches, inclusive, with 


Jenkins Cast Steel Valves are made in Globe, 
Angle, Gate, and Check patterns, which experience 



Fig. 170. 
Brass 
Gats 
ValTS. 




Fig. 327 
Iron Body 
Gate Valve, 
Hub Ends. 


Fig. 326. 
Iron Body 
Gate Valve, 
Inside 
Screw. 



FIgr. 331. 
Iron Body 
Gate Valve, 
with Yoke. 



Extra Heavy Iron Body Valves are 
suitable for working pressures up to 
250 pounds steam and 400 pounds wa¬ 
ter. Globe, Angle, and Cross Valves 
made in sizes 2 to 12 
inches; valves from 5 
inches up can be supplied 
with by-passes which are 
cast integral with the body. 

Horizontal and Vertical 
Check Valves 2 to 6 inches; 

Swing Check Valves, 2 to 8 
inches; Y Valves, 2 to 3 
inches. Automatic Equalizing Stop and 
Check Valves designed to equalize the 
pressure in a battery of boilers, prevent¬ 
ing one boiler from working at a lower 
pressure than another, insure against accidents as 
they automatically shut off the flow of steam from 
header to boiler in event of a broken tube or con¬ 
nection. Sizes 4 to 8 inches. Gate Valve, with in¬ 
side screw, or outside screw and yoke, sizes 1 ^ 
to 24 inches; all flanges A. S. M. E. Extra Heavy 
Dimensions. 


Fig. 164-c. 
Iron Body 
Angle Valve, 
Extra Heavy 
with 
By-Pass. 



Fig. 293. 
Automatic 
Equalizing 
Stop and 
Check Valve. 




Fig. 204-b. 
Iron Body Valve, 
Extra Heavy 
O. S. & Y. 


Fig. 203. 
Iron Body 
Gate Valve, 
Extra Heavy 
Inside Screw 


or without by-pass. Flanges A. S. M. E. Extra 
Heavy Standard Dimensions. 

For high pressure steam and hy- 
draulic service valves are made for ex- 
tra heavy patteims in brass, iron body, 
and cast steel. Sizes: Brass to 3 
inches; iron body and cast steel to 
24 inches. 

The Extra Heavy Pattern Brass 
Globe, Angle, Cross and Check Valves 
B^raH^vy suitable for working steam pres- 
Brass Globe sures Up to and including 300 pounds; or 
Valve. qJj. pressures up to 600 

pounds. Sizes ^ to 3 inches. 



Jenarco Sheet 
Packing. 


has shown are perfectly adapted for the severe con¬ 
ditions incident to high pressure super-heated 
steam service. The valves are suitable for working 
steam pressures up to 350 pounds, and total tem¬ 
perature of 800 degrees F. ^mished in practically 
the same sizes as the Extra Heavy Iron Body 
Valves. 

Jenkins Compressed Asbestos Jointing is the 
material we recommend for superheated steam 
joints. It is compounded to resist heat to the 
utmost degree. Made in sheets 40"xl20", 1/64, 
1/32, 1/16, 3/32 and Va" thick. 

Mechanical Rubber Goods 

In this line we are offering engineering requi¬ 
sites which are the result of years of progressive 
effort. We are the original manufacturers of rub¬ 
ber composition discs for valves and unvulcanized 
sheet packing. 

Jenkins ’96 is the name of 
our high ^ade unvulcanized or 
self-vulcanizing packing, fur¬ 
nished in sheets or gaskets, and 
unsurpassed for all kinds of sat¬ 
urated steam joints. Jenarco is 
a vulcanized red sheeting. It is 
very tough and pliable, equally 
suitable for steam, hot or cold water, and other 
joints. 

Jenkins Pomp Valves are made from various 
compounds. There are pump valves of hard com¬ 
position, particularly adapted for hot water, 
as with boiler feed pumps; for 
oils, acids, and other destructive 
fluids; semi-hard valves for high 
pressure cold water service as in 
mines; medium soft for cold wa¬ 
ter; very soft and flexible for 
low pressure cold water and air. 

When ordering, state the kind of 
service in which the valves are 
to be used, the fluid handled, pressure or head pump 
is working against, and in all cases give diameter, 
thickness, and size of hole. 

For convenience it is suggested that figure num¬ 
bers also be specified. 

Genuine Jenkins Valves are stamped on the 
body with the “Jenkins Diamond Mark” and signa¬ 
ture. All goods so marked are guaranteed to be 
perfect in workmanship, and suitable and 
efficient in the service for which they are recom¬ 
mended. 



Pump Valve. 
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VALVES AND FITTINGS. 


THE KELLY & JONES COMPANY. 


THE KELLY & JONES COMPANY 


WORKS 

GREENSBURG, 

OFFICES 

NEW YORK—2509-10-11-12 Park Row Building 11# 
PITTSBURGH—131-187 Water Street HC 

132-138 First Avenue 

CHICAGO—2436-62 West 16th St. ^ 


OFFICES 

ST. LOUIS—^705 Laclede Gas Building 
CINCINNATI—1008-12 Sycamore Street 
SAN FRANCISCO—Fifth & Bluxome Streets 
BUFFALO—672 Ellicott Square 


Manufacturers of 


Power Plant Equipment, Brass, Iron and Steel Valves, 

Fittings, Cocks, Etc. 


Products 

Malleable Iron Fittings; Cast Iron Fittings, 
screwed and flanged; Cast Steel Fitting; Wrought 
Iron Pipe and Nipples; Brass Fittings; Brass 
Valves and Cocks; Iron Body Valves and Cocks, 
screwed and flanged; Cast Steel Valves; Engrine and 
Boiler Trimmings; Expansion Joints; Specialties, 
etc., for Steam, Gas, Water, Air and Oil. 

Our new 1922 Catalog “S” which describes and 
illustrates our complete line will be mailed upon 
request. 

Improved Re-new-disc Valves 

Made in sizes ^4” to 3" and are furnished with 
Malleable Iron Non-heating hand-wheels, StufSng 
Nuts and Bonnet Rings. Also furnished with a 
renewable composition disc and a specially con¬ 
structed disc holder which permits of quickly 
removing the disc for renewal purposes. Recom¬ 
mended for 150 pounds steam working pressure 
and will give long and dependable service. 






Globe Valve 
Fig. 227 


Angle Valve 
Fig. 227-A 


Hor. Check 
Valve 
Fig. 227-B 





Extra Heavy 
Globe, Flanged 
with Yoke 


Standard Globe, 
Inside Screw 


Medium Angle, 
Screwed with 
Yoke 


Can also be furnished in All Iron, Steel or Bronze 
for all purposes and pressures. 

Cast Steel Valves 

Our Steel Gate Valves can be furnished in all 
sizes from 1^," to 24" and are recommended for 
250 to 350 pounds superheated steam pressure. The 
strength, elasticity, elongation, reduction and bend¬ 
ing of our steel valves are in accordance with the 
strictest specifications. We also make a complete 
line of Brass and Iron Body Gate Valves for all 
pressures and purposes. 





Outside Screw and 
Yoke, Wedge Gate 


With By-pass 


Non-rising Stem 


Iron Body Valves 

Made in all sizes from 2" to 16", screwed or 
flanged, with or without yoke for 125, 175 or 250 
pounds working pressure. 

Made in all styles. Globe, Angle, Cross, Check, 
Y, Safety, Blow-off and Swing Check, and are cor- 


Standard Saddle Type Straightway Valves 

Can be furnished either black or red japanned, 
as desired. This saddle style is a very durable and 
compact valve, and economical, owing to the sim¬ 
plicity of construction. The steel saddle around 
body of valve holds bonnet securely in place, and 
can easily be removed, permitting of access to in¬ 
terior. Opens to left and has rising spindle. 

For 125 lbs. working pressure. All-iron or iron 
body, brass mounted, l^en furnished iron body, 
brass mounted, all parts are iron, except disc, 
stuffing nut and stem, which are high quality brass. 
All-iron style recommended very highly, for use in 
connection with cyanide, creosote, etc. 



rectly designed with strength added where the 
greatest strain is caused. 



Saddle Gate Valve 


Sectional View 
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THE KELLY & JONES COMPANY. 


VALVES AND FITTINGS. 


Expansion Joints 

We make a complete line of Expansion 
Joints, all sizes, screwed 
or flanged for all pres¬ 
sures and purposes. The 
Extra Heavy Iron Body I 
pattern is recommended 
for 250 pounds pressure 
and the Extra Heavy 
Cast Steel pattern for 
350 pounds superheated Expansion Joint with Anchor 
steam pressure and can 
be furnished with or without anchor base. 








Jenkins Type, Standard Kelly & Jones Brass Valves 

Made of high grade steam metal, correctly de¬ 
signed and carefully machined. Of standard 
weight and durable construction. 

The Y or blow-off brass valve has a full opening 
very nearly in direct line with the pipe, which prac¬ 
tically eliminates resistance to the free flow of 
steam or liquids. It is specially adapted for hand¬ 
ling thick fluids in sugar refineries, paper mills, 
chemical works, etc. 


Regrinding '^Excelsior” High Pressure Brass Valves 

Regrinding “Excelsior” valves are designed to 
meet the demand for valves suitable for working 
pressures from 200 to 300 lbs. of live or super¬ 
heated steam, and are extensively used in modem 
steam plant construction. The stuffing boxes can 
be packed while under pressure and valve reground 
while in position, without disturbing the pipe con¬ 
nections, by making slight adjustments and rotat¬ 
ing the stem backward and forward. 

Made of the highest grade metal and furnished 
in globe, angle, cross or check patterns. The out¬ 
side screw and yoke pattern is recommended for 
superheated steam. Tlie nickel seat style is so con- 
stnicted as to permit of easy removal of the seat 
for renewal purposes. 





Y Angle Swing Check 

Malleable Iron Unions 

Our Malleable Iron Unions can be furnished in 
all sizes from to 4" for all pressures and pur¬ 
poses. 

The “Nip” Union is one of the simplest unions 
made, having only 8 parts—Nut, Swivel and Thread 
End. The brass to iron seat insures a tight joint 
and the brass to iron thread connection permits 
the union to be reconnected any number of times 
without injury. The straight bore or uniform 
diameter of the waterway insures a free passage— 
no pockets to collect sediment and choke up line. 

The “Norustocta” Union is a heavy, well made 
union, entirely copper covered, suitable for 250 
pounds working pressure and absolutely rustless. 





Nickel Seat 




Brass, Straightway Valves, Siflid Wedge, Gate 

These valves are of the latest improved design, 
well proportioned and of good weight. They are 
made special pattern for pressures up to 100 lbs.; 
standa^ for 125 lbs.; heavy for 150 lbs.; medium 
for 175 and 200 lbs.; extra heavy for 250 lbs.; and 
extra heavy hydraulic for 1000 lbs. 

The guides on the discs and the ribs in the 
bodies of these valves are fitted accurately, insur¬ 
ing a true and easy movement, thus preventing 
wear of the faces. They also keep the discs from 
touching the seats in the bodies except at the 
closing point. 


“Norustocta” 

Union 

All parts com¬ 
pletely covered 
with copper elec¬ 
trically applied. 


Flanged Fittings 


Nip Union 
No Inserted 
parts. The ring 
and bottom made 
of malleable iron, 
thread end of 
brass. 


Brass Seat 
Union 

Round or oc¬ 
tagon ends, iron 
or brass nut. 


We make a complete line of Flanged Fittings, 
all sizes, straight or reducing, in Cast Iron, Steel 
or Brass for all pressures and purposes. Only the 
best grade of raw material is used in the manufac¬ 
ture of our line of Flanged Fittings. 

The machine work is carefully executed and di¬ 
mensions are in accordance with the latest Amer¬ 
ican Standard, adopted January 1,1915. 



Outside 
Screw and 
Yoke 


Solid 

Wedge 
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Jgg VALVES. NELSON VALVE COMPANY. 


NELSON VALVE COMPANY 

Main Office and Works 

Chestnut Hill PHILADELPHIA, PA. 


Branches 

ATLANTA BUFFALO 

BALTIMORE CLEVELAND DETROIT LOS ANGELES 

BOSTON CHICAGO LONDON, ENG. MINNEAPOLIS 

Manufacturers of 


NEW YORK 
PITTSBURGH 
SAN FRANCISCO 


Valves and Expansion Joints in Bronze, Iron, Steel and 


SCRANTON 

SEATTLE 

SYRACUSE 


Monel 


Products 

Expansion Joints; Valves—Anti-acid, Back 
Pressure, Blow-ofF, By-pass, Check, Engine Stop, 
Marine, Non-retum (emergency). Oil, Relief, 
Safety, Stop; Valves and Fittings. 

The Nelson line embraces every type of valve 
employed in the highest class power and industrial 
installations, including specially constructed valves 
for superheated steam and for acids, alkalies, oils 
and other special service. 27 years’ experience 
insures to Nelson Valve users the highest possible 
degree of service and construction. 



Bronze Check 


mg increase in 


Bronze Valves 

NELSON bronze valves are made in gate, globe, 
angle, cross, swing check, cup check, quick open¬ 
ing, blow-off and marine types for 
all working pressures up to 2000 
pounds. Special acid resisting 
bronze valves and nickel bronze 
valves with bronze or monel 
mountings are one of our special¬ 
ties. 

The superior design and excel¬ 
lent workmanship with the result- 
service has caused thousands of 
plaiTts throughout the country to specify and use 
exclusively the NELSON brass line. 

Send for Bulletin MF 5 describing the globe 
valve lines. Bulletin MF 4 showing the gate valve 
lines, or Bulletin MF 6 covering an unusually fine 
group of bronze valves for superheated steam. 

Iron and Semi-Steel Valves 

In the NELSON line all the types generally 
known as iron body are regularly made in our su¬ 
perior grade of semi-steel which increases the ten¬ 
sile strength and lasting qualities of the casting 
without increasing the cost. NELSON valves have 
long had the reputation of being of better design 
and workmanship than the average 
commercial valves. 

NELSON semi-steel valves are 
made in gate, globe, angle, cross, 
stop check, vertical check, swing 
check, cushioned check, non-retum 
stop and check and blow-off types 
with bronze, monel composition or 
steel mountings. We are prepared 
to furnish quickly all sizes of valves 
for pressures up to 300 pounds 
steam. We have patterns for 
semt-steei Globe promptly fumishing gate, globe, 

angle and check valves for hydraulic or oil lines 
with pressures up to 5000 pounds. 

All iron gate valves for chemical lines are car¬ 
ried in stock and we are prepared to furnish all 
iron valves or iron valves with steel mountings or 
monel mountings for various pressures. 



The NELSON double disc construction is very 
simple and yet positive in action. It consists of 
two discs and central wedge, only three parts. The 
discs move freely and are prevented from scraping 
the seats by guides on each side. Under the spread¬ 
ing action of the wedge the discs adjust themselves 
to the seats and insure a light valve. This con¬ 
struction can be had in brass, iron and steel valves. 


Monel Valves 


Monel metal is now generally accepted as the 
best metal for mountings of valves for superheated 
steam and high temperatures. During the past few 
years very extensive tests have been made to de¬ 
termine the value of this metal for resisting the 
corrosive action of acids and other destructive 



chemicals. These tests proved 
that monel is especially desir¬ 
able for— 


Aluminum Sul¬ 
phate 
Ammonia 
Benzoic Acid 
Calcium Chloride 
Calcium Sulphate 
Carbolic Acid 
Hydrochloric Acid 
Hydrocyanic Acid 
Nitric Acid 
Oleic Acid 


Potassium Hydrox¬ 
ide 

Salicylic Acid 
Sodium Hydroxide 
Sodium Sulphate 
Stearic Acid 
Sulphuric Acid 
Tannic Acid 
Tartaric Acid 
Water Salt 
Metallic Mercury 
Acid 


Monel Globe Valve 

Realizing the great value that all monel valves 
would be to the chemical field the NELSON 
VALVE CO. made extensive experiments to develop 
a method of making small castings of this metal 
that would be suitable for high grade valves. As a 
result of this experiment we now offer gate, globe, 
angle or check valves made entirely of genuine 
INCO monel. We solicit inquiries from engineers 
who have trouble with their valves and desire to 
know if all monel valves are suitable for their con¬ 
ditions. In writing send full details. 

Steel Valves 

NELSON steel valves are made 
with bronze or monel mountings in 
gate, globe, angle, check or non-retum 
types for all pressures. We make a 
specialty of steel valves for high pres¬ 
sures and superheated steam. 
Expansion Joints 

NELSON expansion joints are 
made is brass, iron, semi-steel, steel 
and monel for all working pressures, 
steel Gate Special Valves 

The NELSON plant is well equipped to produce 
valves built to unusual specifications for special 
service. 

Complete catalogue or bulletin sent on request. 

Specify “NELSON”—It Pays 
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GREENE, TWEED & CO. 


PACKINGS. 


GREENE, TWEED & CO. 

109 Duane Street, New York, N. Y. 

Manufacturers of 

HIGH GRADp PACKINGS 


These packings are especially adapted to MINING SERVICE, as they are designed to give long 
service. 

They contain NO RUBBER, and therefore are not affected by climatic conditions. As its materials 
are not affected by age “Palmetto” packing is always the same high grade quality, no matter what the 
climate is, or how long it remains in stock after being manufactured. 


For Steam and Compressed Air 


For Hydraulic Pressures 


"PALMETTO” 

gives longer service than other packings, even 
under the high temperature of superheated steam 
and compressed air, because it is made entirely of 
the highest grade asbestos, having such length of 
fibre and tensile strength as to make it unneces¬ 
sary to use any cotton, as is imperative when cheap 
short fibre asbestos is used, the life of which is 
short, as the heat bums the cotton and releases 
the short asbestos fibre, causing the stuffing box to 
quickly leak. 


Lubrication—“Palmetto” has a special graphite 
grease lubricant forced hot into each single strand 
before braiding, and not dipped into the lubricant 
after braiding, as most packings are. 

“Palmetto’ does not harden in service. 



BRAIDED for {j 
rods. AA 


TWIST 
for small 
valves. 




Any size 
valve can be 
packed from 
one spool by 
unstranding. 


“Palmetto” can be 
depended upon to give 
long, satisfactory serv¬ 
ice. 


p^ucp 

W Pl^Alt^P PACKING 

designed especially to give long, satisfactory serv¬ 
ice under hydraulic and low steam pressures con¬ 
taining considerable condensation and no excessive 
temperature. 

“Palco” packing is made of high tensile strength 
cotton, lubricated with a graphite grease lubricant 
in each single strand before plaiting. It is, there¬ 
fore, superior to square flax packings. 

“Palco” does not swell and bind and does not 
cause the pump to short stroke. 

“Palco” is practically a frictionless packing. 

Sizes V 4 ," to 2". 

Put up in 6-lb. dust-proof boxes. 



PROOF OF QUALITY 

Let Us Send You, Without Charge, Working Samples of These Packings, Enabling 

You to Make a Thorough Test 
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STEAM HOSE. 


THE B. F. GOODRICH RUBBER CO. 


THE B. F. GOODRICH RUBBER CO. 

AKRON, OHIO 


Branches 
Atlanta, Ga. 
Baltimore, Md 
Boston, Mass. 
Buffalo, N. Y. 
Chicago, HI. 
Dallas, Texas 
Denver, Colo. 



TRADE MARK 


Branches 
Detroit, Mich. 
Kansas City, Mo. 
Los Angeles, Cal. 
New York, N. Y. 
Philadelphia, Pa. 
San Francisco, Cal 
Seattle, Wash. 


THE INTERNATIONAL B. F. GOODRICH CORP. 
London Capetown Singapore 


Steam Hose and Packings 


Mechanical Rubber Goods of Every Description 

For Transmission Belts, see pages 206 and 207; for Conveyor and Elevator Belts, see pages 662 to 
666 ; for Air Drill Hose, see page 303; for Fire Protection and Water Hose and Couplings, see paies 
794 and 796. 

tional quality and capable of resisting almost in- 
Products definitely temperatures for which it is recom- 


Steam Hose; Packing — Sheet, Hydraulic and 
Piston. 


Steam Hose 

It is more difficult for the average buyer to se¬ 
lect the proper grade of steam hose than almost 
any other item of mechanical rubber goods. The 
fact that temperature increases with increase of 
steam pressure makes it necessary to increase the 
quality of the hose as well as the thickness of thd 
wall in order to meet higher pressures. This is a 
fact often overlooked by buyers who think that all 
that is needed to resist high pressure is to increase 
the number of plies in the hose. 

We make steam hose for use under all condi¬ 
tions of temperature and pressure practicable for 
rubber hose, and you will find in the following de¬ 
scription of our different brands the pressures for 
which each is recommended. 


Superheat Brand 

Superheat Brand is recommended for working 
pressures over 125 pounds. Its tube is so com¬ 
pounded as to resist to the highest degree the ex¬ 
treme temperatures encountered in high pressure 
steam work and its fabric is sturdy enough to hold 
these pressures. It is the last word in high pres¬ 
sure hose. 


Goodrich Brand 

For pressures up to 126 pounds, Goodrich Brand 
has for years been the world’s standard, and it 
holds service records unmatched by any quality on 
the market today. The fabric is the same as that 
used in Superheat Brand. The tube is of excep- 

SBCTION III. 


mended. You will make no mistake in standardiz¬ 
ing on Goodrich. 



Falcon Brand 

For low pressure work up to 26 or 30 pounds, 
Falcon Brand will prove reliable, economical and 
efficient. Within its limits, it will give satisfaction 
and earn its cost against competitors’ hose. 


Packings 

Goodrich makes packings for practically every 
mining need. The more important of these are 
listed on the following pages and service recom¬ 
mendations are given. 

To most users, packing seems a complex sub¬ 
ject, yet, properly used, a few constructions and 
qualities will effectually pack every joint. It is 
our belief that most packing problems can be solved 
with Goodrich Packings. 


Sheet Packing 

Sheet Packings are of three classes—(1) Steam, 
(2) Water, (3) Special Service, as oil, ammonia, 
etc. Each requires different compositions and 
must be treated as a separate problem. 
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THE B. F. GOODRICH RUBBER CO. 


PACKING. 191 



Steam Hose and 
Packings 



TRADC MARK 


Steam 

AkrMi Red Sheet Packing—^For pressures up 
to 125 pounds, red sheet packing has always been 
considered standard and has performed very fav¬ 
orably. Akron is our recommendation for this 
service—it is an excellent heat resisting compound, 
has a low gravity and is not only low in first price 
but in ultimate cost as well. 



Superheat Packing—Resisting the pressures 
and temperatures of super-heated steam is another 
matter and one which has only recently been solved. 
No rubber compound can successfully withstand 
such temperatures and pressures and the search 
for a satisfactory material has covered nearly every 
available metallic and non-metallic substance. As¬ 
bestos has always been recognized as ideal, but 
the problem has been to incorporate it into a sheet 
that would successfully meet pressure conditions. 
Goodrich “Superheat” does this. It is long fibre 
asbestos with a minimum amount of specially com¬ 
pounded binder to hold the fibres together and 
make a strong, flexible sheet. The service it has 
given over a period of years and our constantly 
growing sales demonstrate its fitness. We recom¬ 
mend No. 10 gray—a sheet of highest quality, un¬ 
usual tensile strength and perfect heat resisting 
qualities. No. 83 red is a dandy packing for those 
who appreciate quality at a low price. It is oiUy 
slightly lower in quality than No. 10 and will easily 
earn its cost against competitive packing. 

“Superheat” Packing can be furnished graph- 
ited on one or both sides, if desired at the same 
price as the plain. 


Water 

For cold water, most people use “Akron” Red 
Sheet. It is perfect. For those who prefer the 
cloth inserted type, we recommend Grade No. 60, 
cloth inserted or with cloth on one or both sides. 


Special Service 

For oil, “Summit” is unmatched. It is the re¬ 
sult of years of experiment and r^resents the ulti¬ 
mate in an oil resisting sheet—equally good at all 
temperatures. 

“Superheat” is our suggestion for ammonia 
lines. Nothing else has yet been found that re¬ 
sists the drying action of ammonia gas as wdl. 

For service on acid lines, etc., consult us. We 
have special grades that will do the work, but, as 
every problem is different, space does not permit 
of our listing them. 


Hydraulic Packing 

For packing the water end of reciprocating 
pumps, B. F. G. Hydraulic Packing is our recom¬ 
mendation. Its reputation over a period of years 
in the oil fields where hydraulic pacing meets the 
most severe service has been unmatched by any 
other on the market. It is higher in first cost, bull 
cheaper in proportion to service rendered. 



Piston Packing 

It is in this field that the greatest variety of 
packing is found. We do not pretend to be pack¬ 
ing specialists, offering a different grade for every 
conceivable service condition, but we do wish to 
bring to your attention a construction which we 
believe will effectually pack the majority of piston 
rod stuffing boxes and eliminate the necessity of 
carrying in stock a wide range of constructions. 
This packing is “Pinnacle” Diagonal Fabric—some¬ 
times known as Cross Expansion Packing. Pinnacle 
adjusts itself to uneven, scored, and bent rods 
with perfect ease, stays tight and lasts indefinitely. 
For all low pressure and medium pressure work, 
you will find it unexcelled. 
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FABRIC BELTS* 


Fabric belts can be divided into three general 
classes, (a) Solid woven cotton, camel’s hair, or 
other fibrous material (usually impregnated with 
a waterproofing compound), (b) Stitched canvas, 
(c) Rubber or balata, which are composed of sev¬ 
eral plies of cotton duck cemented or vulcaniz^ 
together with the tropical gums, giving them their 
name. 

There are numerous plies, weights and forms of 
weaving and stitching. Several varieties of Amer¬ 
ican and imported cotton fibres are also used in the 
fabric base. 


Woven and Stitched, Belts 

Cotton is the material in general use for mak¬ 
ing woven and stitched belts. There are two gen¬ 
eral methods used in the making. The more com¬ 
mon is the combination of several layers or plies 
of cotton duck. These plies are sewed or stitched 
in various patterns to increase the tensile strength 
and prevent excessive stretching of the material. 



Stitched Canvas Belt 


Various weights of duck are used, and in pur¬ 
chasing it is advisable to know exactly the weight 
of the material, the kind of cotton used and the 
methods of weaving. Even then the specifications 
may be so confusing that the best method is to 
place dependence on the recommendations of a 
manufacturer whose name and product are well 
known and of proper worth. 

The solid woven belt is produced from a special 
yam of cotton or other fiber woven into solid belt 
in somewhat the same manner as a lamp wick. 
The different makes of this type vary considerably 
in the weave and method of manufacture, but all 
possess a homogeneous body produced in widths 
and weights proportioned to the service required. 




Solid Woven Belt 


*From Catalog of Flexible Steel Lacing Co., Chicago, Ill. 


In both methods of manufacture the material 
is specially treated to withstand friction, dirt, 
atmospheric conditions, etc. 

Rubber Belts 

The construction of rubber belting consists of a 
backbone of cotton duck which is specially treated 
with rubber compound. 



Rubber Belt 


Crude rubber is obtained from the Hevea tree, 
which grows in nearly all tropical countries. It 
yields a miUc-like fluid that thickens and becomes 
dark upon contact with the air. The rubber gath¬ 
erer prepares the fluid for market by pouring it 
over a stick and turning it around in the thick 
yellow smoke of burning palm nuts. This smoking 
process imparts a tough, tenacious quality to the 
rubber. As each layer hardens more fluid is added 
until the ball is about twelve inches in diameter. 
The balls are then split for shipment. 

Methods of preparing the rubber compound and 
applying it to the duck base differ in method but 
the principle is generally the same. 

The duck is inspected and tested for imperfec¬ 
tions. All moisture is removed. The compound is 
applied and forced into the plies by pressure. The 
whole is then vulcanized under terrific pressure 
which removes all superfluous stretch and unites 
the rubber and duck into one inseparable body. 

Rubber belting is made in both red and gray 
colors. 


Balata Belts 

Balata belting has a canvas base or backbone 
similar to rubber belting. Balata is a vegetable 
gum that comes from the milk of a tree which 
grows in the Guianas. 



The process of manufacture differs somewhat 
from rubber belting. The fabric is thoroughly im¬ 
pregnated with Balata gum. The outer surface is 
finished off with a thin coating to give it a finished 
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appearance. The whole is welded into solidi^ 
under pressure, although it is not vulcanized in 
the manner of rubber belting. This t 3 rpe of belting 
is satisfactory for general transmission service, 
other than where extreme heat prevails. 

Rope Drives 

Rope drives are more extensively used in 
Europe than in this country. The English system 
employs a single grooved drive pulley from which 
several parallel rope belts distribute power to sev¬ 
eral places. The English multiple rope method 
employs several parallel ropes over grooved pulleys 
for main driving power. 

In contrast to the English multiple system is 
the American single rope belt. The rope is carried 
around the grooved pulleys as many times as 
necessary to gain the desired power. From the 
last groove in the driven pulley the rope is carried 
by an idler back to the starting ^oove in the driv¬ 
ing pulley. In this way a continuous single rope 
drive is secured. 

Among the advantages offered by rope belts is 
their economical installation and their ability to 
transmit power to a considerable distance. 

Leather Belting 

This t}i)e of belting is efficient, although ex¬ 
pensive, and in standard grades gives long service. 
It is adapted to dry work under protection from the 
weather. The wearing qualities and slight atten¬ 
tion required have made its use general under the 
conditions to which it is suited. 

The best leather belts are selected from hides 
of four-year-old steers killed in the fall. The hides 


of animals over this age have lost some degree of 
their flexibility or if younger have not gain^ their 
greatest strength. For the best wide belts only a 
center back strip 80 inches wide and 50 inches long 
is used. As the distance from the spine increases, 
the stretching quality of the belting varies. For 
narrow belts strips cut equally distant from the 
spine on either side and spliced together are used, 
this making a belt that stretches evenly and runs 
straight over the pulleys. 



Oak tanned leather is the t 3 rpe most used in 
general work. It is light in color and hard and firm 
in texture. 

Ordinary oak tanned belting is not at its best 
when exposed to certain conditions, such as the 
action of water, steam, oil, heat, chemical fumes, 
etc. For work under these conditions specially 
finished belts should be used. 

Chrome leather belting is one of the best for 
special purposes. Chrome tanning imparts quali¬ 
ties to the leather which enables it to be used under 
the most severe conditions, such as excessive heat, 
steam, etc. 

Single leather belting consists of one thickness. 
Double thickness is composed of two thicknesses 
of leather, the strips being cemented together. 
Heavier belts are sometimes made for special pur¬ 
poses, but can be used to advantage only over extra 
large pulleys. 


Comparison of Belt, Chain, Gear and Direct 

Connected Drive* 


It is our personal opinion that the size of the 
drive and its location, as well as the type of the 
equipment used, very frequently determines the 
kind of drive that is best adapted for the particular 
installation. In some cases it is absolutely neces¬ 
sary to use a belt or chain drive, and in other cases 
a gear or direct connected drive would work out 
satisfactorily. 

Development of Methods of Transmitting Motion 

The fifst means employed to transmit motion 
from one shaft to another was by plain friction 
wheels, but no matter how good the construction 
and ideal the conditions slippage would occur. The 
next step was to connect the two wheels together 
by a belt. This in many cases was more satisfac¬ 
tory, but in heavy drives and sudden loads more 


•Extracts from committee report by J. B. Penman, N. A. 
Johnson and T. W. Blake presented at annual meeting of 
West Virginla-Kentucky Association. September, 1921. 
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or less slippage still occurred, especially on large 
reductions in speed. When the wheel of the pulley 
is large and the driving pulley is small the belt 
will have little contact on the small pulley, hence 
the reduced power. 

To eliminate slippage, strips were fastened on 
the friction wheels, then crudely shaped teeth or 
cogs, until now we have the perfectly cut gear. 

The silent chain drive is comparatively new, 
having been in use commercially since 1902. Its 
use has been increased very rapidly. 


Requirements to Be Met in Solving Drive Problems 

To solve drive problems, many new methods 
have been devised and used for the purpose of 
meeting as many as possible of the following re¬ 
quirements: (1) high efficiency, (2) low first cost, 
(3) low maintenance cost, (4) low rate of deprecia- 
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tion, (5) simplicity in design, (6) noiselessness, 
(7) a certain amount of flexibility and elasticity 
capable of absorbing shocks and vibrations, (8) 
high ratio of transmission, (9) freedom of select¬ 
ing the relative location of shaft. 

Inasmuch as our subject is confined more par¬ 
ticularly to mine pumps and fans and we are of 
the opinion that the fan is the more important of 
the two, we shall dwell mostly on that machine. 

Where there is ample room and more than 30 
H. P. is to be transmitted, it is our opinion that 
a belt drive is most practical. The use of elec- 
frically driven fans is coming into use more each 
day, and many of the drives are connected up to 
squirrel cage motors, which must be started on 
two steps. In starting a fan with a squirrel cage 
motor, the characteristic curve or power consump¬ 
tion shows five or six times that required after 
the fan has been brought to full speed. Such an 
effort with chain or gear drive would be very try¬ 
ing to the equipment, but with a belt drive it is a 
different proposition, as during the period the fan 
is gaining momentum there is a tendency for the 
belt to slip on the pulley. This of course relieves 
the strain on the fan, but with a chain or gear 
drive this relief is impossible.f 


Chain Drive Suitable for Small Disc Type Fans 

With small fans, such as the common disc t 3 ^e, 
requiring from 6 to 30 H. P., we see no reason 
why a chain drive could not be used to advantage, 
but if the chain is used on a disc type fan it should 
be of sufficient centers to place the motor out of 
the direct path of the air. The starting duty of 
a disc fan is much less severe than that of a cen¬ 
trifugal, therefore the squirrel cage motor and 
chain drive is very practical. 

In the case of a fan installed where there is 
not sufficient room for the regular standard belt 
drive, the chain drive works very well; however, 
there can be used an idler with a short belt drive, 
or something on the order of the Lenox drive, a 
device scientifically applied to a belt drive for the 
purpose of giving a large arc of contact between 
the belt and pulley. It is provided with means for 
automatically adding or subtracting from the arc 
as the belt stretches or contracts, in proportion to 
the power transmitted. This device consists of a 
roller supported in a movable frame held by 
weights or counter weights against the slack side 
of the belt close to its face and parallel with the 
axis of the smaller pulley of the drive. The frame 
is mounted on a pivoted shaft, resting in bearings 
which are fixed to a suitably designed, supported 
pedestal. The roller has two distinct movements, 
one around its own axis, the other parallel to the 
axis of the smaller pulley of the drive. The length 
of the belt must be such as to permit the greater 
part of the circumference of the pulley to be cov¬ 
ered by it. 

We appreciate the fact that a direct connected 
fan outfit is very nice; it looks practical and sounds 
practical, but we must bear in mind that we are 
limited to a certain speed for the most economical 


duty; in other words, it is bad practice to turn a 
fan at a very high rim speed to simply pull the 
air through its inlets, and it is this fundamental 
principle which makes a direct connected centrifu¬ 
gal fan almost impractical. You cannot gret the 
speed of the motor low enough for economical 
operation. 

It is true some disc fans, and even centrifugal 
fans up to four or five feet in diameter, can be 
direct connected to motors, but when a fan must 
handle 100,000 cubic feet or over the cost of the 
motor is almost prohibitive for direct connection. 
You may, however, install turbo gear reduction 
between the fan and motor, that is, one of the 
turbo gear direct to the fan shaft and the other 
shaft of turbo gear in direct connection with the 
motor shaft. A probable reduction of 3 to 1, 
4 to 1, or even as high as 6 to 1, can be made with 
turbo gears, but this method has its drawbacks as 
well as the direct connected outfit; you are simply 
tied up to one speed, unless some type of variable 
speed motor is used. 

We have not touched on fans driven from en¬ 
gines, due to the fact that very few are being 
instaUed at the present time. 


Pumps 

Pumps of the reciprocating type are nearly 
always gear driven, and owing to the fact that 
variable speed is not an important feature for this 
type of equipment, it is our opinion that this type 
of drive would be hard to improve upon. The cen¬ 
trifugal pump, on the other hand, can hardly be 
bettered as a direct connected outfit. The direct 
connected drive is very good, especially where the 
speed of the pump is rather high. 

We believe that the gear driven pump, espe¬ 
cially the reciprocating type, has a distinct 
advantage over chain or belt drive, because you 
cannot use a belt drive in wet or dirty places, 
whereas gears can be used in pairs or can be de¬ 
signed to transmit any power required at any 
distance through shafting, in water, acid and grit, 
at any angle of shafting, internal as well as ex¬ 
ternal drive, and can be relied upon to give a steady 
and even motion.^ 

The chain drive has a field of its own, and is 
used very little in the mines for pumps, but it has 
its advantage in long distance drive, where gear 
train would be too expensive and where the power 
to be transmitted is not too great nor the speed 
too high. It is rather noisy and tends to give a 
jerky motion, especially as the chain begins to 
elongate and wear. The silent chain drive tends 
to overcome considerable of these objections, but 
it has its limit also. A gear driven pump of the 
reciprocating type is strongest and the most 
adaptable. 


tEditor’s Note—At those mines where the fan is seldom 
stopped this objection would apply with decreased force. 

^Editor’s Note—An advantage of the belt or chain drive 
not mentioned in the report is its comparative noiselessness. 
This applies particularly to pumps located near the shaft 
bottom, foreman’s oflice. inside partings or other places where 
workmen are employed. 
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Helpful Hints on Belts 


A belt should never-be overloaded. 

Install belts sufficiently tight in the first place to 
avoid early taking up. If a belt has stretched take 
it up at once, and do not wait until it has become 
damaged through slippage. Bear in mind also that 
too tight a belt increases friction at the bearings and 
wastes power. 

Keep oil away from all belts. It has a detri¬ 
mental effect upon them and reduces the adhesion 
and causes loss of power. 

See that the pulleys are always in line and the 
shafts parallel. This is necessary for a true running 
belt. 

Use roller forks on shifters wherever possible. 

Make all joints right and straight. Use a square 
when cutting belts. 

When measuring the length of a belt, use a steel 
tape or steel wire. Twine or string is subject to 
stretch and shrinkage and will not give exact 
lengths. 

Tighten fasteners well and inspect them from 
time to time. 

Watch the pins in hinge joints and replace them 
before they break. 

Always put belts wider than 6" or 8" on pulleys 
by means of clamps. 

Do not use endless belts where there is no 
take-up. 

The best distance from center to center of shafts 
is from 20 to 25 feet. 

Belts should be cleaned and greased every five to 
six months. 

It is safe and advisable to use: A double belt on 
a pulley 12" in diameter or larger; a triple belt on 
a pulley 20" in diameter or larger, a quadruple belt 
on a pulley 80" in diameter or larger. 

Rubber belts ought always to be kept free from 
grease or animal oils. If they slip, moisten the 
inside of the belt with boiled linseed oil. Some fine 
chalk sprinUed on over the oil will help the belt. 

The resistance of belts to slipping is independent 
of their breath, consequently there is no advantage 
derived in increasing that dimension beyond what 
is necessary to enable the belt to resist the strain to 
which it is subject. 

T^e ratio of friction to pressure for belts 
running over wood drums is for leather belts, when 
worn .47, when new .6, and when running over 
turned cast iron pulleys .24 and .47. 

With high speed belting the tension of the belt 
should be increased in order to prevent the belt 
from slipping. Long belts are more effective than 
short ones. 

The upper side of the pulley should always 
carry the slack belt. 

To throw a belt on to its pulleys properly after 
it has been laid on requires that it should always 
be laid first over the pulley that is not in motion, 
and then be thrown over the edge of the moving 
pulley to its face. 

It has been ascertained by trial that a belt will 
transmit about 30% more power with a given ten¬ 
sion, when the grain (smooth side of the leather) 
is in contact with the pulley, than when the fiesh 
wde IS turned inward. The leather is also less 
liable to crack, as the structure on the fiesh side is 
less dense, and the fibres more extensible. The 
adhesion of belts is greater on polished pulleys than 
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on rough pulleys, and is about 50% greater on a 
leather-covered pulley than on a polished iron pul¬ 
ley. Large pulleys and drums may be covered with 
narrow strips of leather or with longer strips 
wound spirally. Pulley covers are manufactured 
in strips of the desired width and reduced to a 
minimum thickness by machinery. 

Belts are thoroughly stretched during process 
of manufacture. In fact, all stretch desirable is 
removed, but rolling and unrolling an endless belt 
tends to shorten it. This is due to the fact that the 
cotton duck resets somewhat into its original posi¬ 
tion, but this reset comes out immediately when the 

belts are placed in position on the pulleys. 

^ ♦ ♦ ♦ * ^ 

Shafts and Pulleys 

Shafting and pulleys should be in perfect align¬ 
ment, and pulleys should not be so widely spaced as 
to cause the belt to sag unduly. Idlers should not 
be used unless unavoidable, but when used, should 
be in perfect alignment with pulleys and run on 
the slack side of the belt, near the small pulley. 
Vertical Drives * ♦ * * 

Vertical drives should be avoided, but, where 
necessary, distance between centers should be 
short. Cross drives are very injurious to rubber 
belts, chafing the edges and causing separation atiH 
quick disintegration of the belt. 

Speed of Belts • • * * 

The maximum speed at which a rubber belt 
should be operated is 5,000 feet per minute, and 
greater life and economy is obtained where the 
speed is kept inside of 4,000 feet per minute. 

Size of Pulleys * ♦ * * 

One of the most common causes of failure in 
belting is the use of small pulleys, which adds to 
the strain on the outer plies of the belt; and too 
narrow belts. Pulleys should, therefore, be as 
large in diameter as conditions will permit, thus 
increasing the arc of contact of the belt and easier 
transmission of power. 

Sag of Belts * • * * 

In the location of shafts that are to be con¬ 
nected with each other by belts, care should be 
taken to secure a proper distance one from the 
other. This distance should be such as to allow of 
a gentle sag to the belt when in motion. 

A general rule may be stated thus: Where nar¬ 
row belts are to be run over small pulleys 15 feet is 
a good average, the belt having a sag of VA to 
2 inches. 

For large belts, working on larger pulleys, a dis¬ 
tance of 20 to 25 feet does well, with a sag of 2V^ to 
4 inches. 

For main belts working on very large pulleys, 
the distance should be 25 to 30 feet, the belts work¬ 
ing well with a sag of 4 to 5 inches. 

If too great a distance is attempted, the belt 
will have an unsteady flapping motion, which will 
destroy both the belt and machinery. 

... ♦ ♦ ♦ ♦ 

Applying Belts to Pulleys 

For endless belts the best method is to take 
both shafts out, place the belt in position on the 
pulleys, and then restore the shafts to their bear¬ 
ings. Where belts are laced with lace leather, 
hooks or wire lacing, the belt can be placed in posi¬ 
tion over the pulleys and the ends drawn together 
with belt clamps, when lacing can be readily done. 
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Helpful Hints on Belts—Continued 


EVILS OF TIGHT BELTS 


Clamps with powerful screws are often used to 
put on belts with extreme tightness, and with most 
injurious strain upon the leather. They should be 
very judiciously used for horizontal belts, which 
should be allowed sufficient slackness to move with 
a loose undulating vibration on the returning side, 
as a test that they have no more strain imposed 
than is necessary simply to transmit the power. 

On this subject a New England cotton mill en¬ 
gineer of large experience says: “I believe that 
three-quarters of the trouble experienced in broken 
pulleys, hot boxes, etc., can be traced to the fault of 
tight t»lts. The enormous and useless pressure 
thus put upon pulleys must in time break them, if 
they are made in any reasonable proportions, 
besides wearing out the whole outfit, and causing 
heating and consequent destruction of the bear¬ 
ings.” Below are figures showing the power taken, 
in average modem mills with first-class shafting, 
to drive the shafting alone: 


Mill 

No. 

Whole 
Lioad 
H. P. 

Shafting 

Alone 

Mill 

No. 

Whole 
Load 
H. P. 

Shafting 

Alone 

H. P. 

% of 
Whole 

H. P. 

% of 
Whole 

1 

199 

51.0 

25.6 

5 

759 

172.6 

22.7 

2 

472 

111.6 

23.6 

6 

235 

84.8 

36.1 

3 

486 

134.0 

27.5 

7 

670 

262.9 

39.2 

4 

677 

190.0 

28.1 

8 1 

1 

677 

182.0 

26.8 


“These may be taken as a fair showing of the 
power that is required in many of our best mills to 
drive shafting. It is unreasonable to think that all 
that power is consumed by a legitimate amount of 
friction of bearing and belts. There can be no 
cause for such a loss of power but tight belts.” 


LAP SPLICE 


To make a lap splice, step the ends of the belt as 
shown in cut, allowing three to four inches for each 
ply of cotton duck. Care should be used not to cut 
into the ply below the one to be removed. The 
exposed duck should then be ^ven two good coats 
of rubber belt cement, permitting the first coat to 
dry thoroughly before applsdng the second, and per¬ 



mitting the second to dry before uniting the plies. 
Tlie duck should be lapped about one-eighth and 
then rolled down thoroughly. A hammer or heavy 
mallet can be used in place of a roller if more con¬ 
venient. The splice should then be riveted with 
copper rivets, being careful that the holes for rivets 
are not punched larger than the shank of the rivet. 
In small belts the splice may be laced instead of 
riveted if desired. 
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LACING RUBBER BELTS 


Cut the ends absolutely square. Allow for 
stretch by cutting the belt shorter than the tape 
measurement around the pulleys, by y^" to y^' per 
foot. For 3-ply belt allow y^' to the foot, 4 or 6-ply 
3/16" to the foot, 6-ply to the foot. Punch two 
rows of holes, the first row %" from the end and 
%" from the side; the second row 1%" from the 
end and IVfe" from the side. Holes should be not 



less than %" apart. Draw the belt up as tight as 
possible, using rods and clamps. Begin lacing in 
the center of the belt, lacing both sides with equal 
tension. Take care not to cross the lace on the pul¬ 
ley side. For wide belts a reinforcement can be 
placed on the back of the joint, consisting of a thin 
piece of leather or rubber, equal in len^h to the 
width of the belt; this should be sewed or riveted. 
• • • • 

Belts are more durable and work more satisfac- 
factorily made narrow and thick, rather than wide 
and thin. 


FORM OF ORDER FOR ENDLESS BELTS 



Please send us.Endless Belt.inches 

wide,.-ply,.quality. Diameter 

of large pulley (A to B).ft.inches. 

Diameter of small pulley (C to D).ft. 

inches. Distance from center to center of shafts (E 
to F).ft.inches. 

Fast running belts when made endless give best 
results, as a uniform thickness is assured. 
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CARE OF RUBBER BELTS 


In placiner a 36-in. eight-ply rubber belt on pul¬ 
leys 60 ft. between centers, allow V^-in. per running 
foot for stretch. Put on the clamps, as shown in 
Fig. 2, and draw them tight. Do not be afraid of 
breaking the belt, as even a five-ply 10-in. belt will 
stand a strain of 10,000 lb. and larger ones in pro¬ 
portion ; the pulley will collapse first. Take all the - 
tension the barings will stand, then turn the shaft 
slowly back and forth until the clamps touch the 
pulleys; taking up the slack as it is recovered from 
the upper half. Neglect to do this will stretch only 
one-half of the belt, and is apt to cause it to run 
out of line. 

After thoroughly stretching, proceed with the 
lap, which in this case should be 45 in. long. It 
should always point in the direction of travel over 
the pulley, as in Fig. 1. Thus any slip of the pulley 
will have a tendency to smooth down the lap. Place 
a board on the clamp rods on which to rest the 
splice and draw a line squarely across the belt 47 
in. from the end. Lay the section off in 2-in. 
squares, starting 1 in. from the outer edge, as in 
Fig. 2. Punch %-in. holes where the lines cross. 
As there are eight plies, there will be three cuts or 
scarfs. Cut a line just the depth of two plies at the 
45-in. line and peel off these two thicknesses; do the 
same at the 15- and 30-in. lines. 

Scarf the other end, place the halves together 
and punch holes in the lower half, inserting the 
punch in the holes in the upper half. By so doing, 
the holes will be directly opposite each other. 
Cleanse the surfaces with naphtha and apply a lib¬ 
eral coating of the best rubber cement. Allow this 
to dry until it will not stick to the fingers, then place 
the laps together, starting at the edge and rolling 
the upper one out as it is being cemented, so that 
air may not be entrapped between the surfaces. 
Sew the outer edges, using the shoemaker’s stitch, 


shown in Fig. 3. Alternately roll and pound the 
joint until it is perfectly fiat, then sew each row of 
holes as was done with the outer ones. 

Cut filling strips of duck the width of the space 
between lacings (most belt companies sell this duck 
all prepared) and give them several coats of rubber 
cement on each side. Clean the face of the belt be¬ 
tween the laces with naphtha and give it a liberal 
coating of cement. When each surface is dry, that 
is, when the finger placed lightly to the surface will 
not adhere, place the strips between the lacing and 
roll them down. Now take a piece of duck, the 
width of the splice, but 4 in. longer, and cement this 
to the face of the belt, covering the joint. By so 
doing the lacings are protected and, except for the 
occasional renewal of the outer covering the joint is 
as durable as the belt itself. The manner of this 
is shown in Fig. 5. 

For sewing, tip the laces like a shoe string by 
bending a V-shaped piece of tin around the ends, 
as illustrated, or use the eyed awl shown, to pull 
the lace through; 

Another form of joint, known as the “diamond 
splice,” is used on generators with small pulleys, as 
there is less shock when the lap passes over the 
pulley, eliminating all flicker of the lamps. The 
diamond splice is made in much the same manner 
as the lap splice except that the scarfs are divided 
into three equal parts and cut as shown in Fig. 3; 
it is not so strong a joint as the lap splice, but is 
more flexible and, therefore, better adapted to small 
pulleys. 

Animal fats and grease should never be used on 
rubber belts. Boiled linseed oil is good; idso equal 
parts of black lead, red lead, French yellow, lithar^ 
and enough japan dryer to make it dry quickly. This 
will give a smooth polished surface. 
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BELT DATA. 1 


Belt Rules and Formulas 


To Find the Belt Speed in Feet, Per Minute 

Multiply diameter in inches, of one pulley, by 
3.14; divide the result by 12, and then multiply 
again by the revolutions per minute, of shaft, on 
which this particular pulley is mounted. 

If you have determined the necessary belt speed, 
by means of this rule, and want to find out either 
the RPM of the shaft—by using a certain diameter 
of pulley—or, if, at a given RPM, you want to find 
out the necessary diameter of pulley, then use the 
following additional rules: 


To FiAd the RPM: 

SXl2 _ UPM 

DX3.14 ~ 

To Find Diameter of Pulley: 

SX12 _ p 
RPMX3.14 
In these niles 


S is si^d per minute in feet 
D is diameter of pulley in inches 
RPM is revolutions of shaft per minute 


t * 0 * 


To Calculate Length of Belt 

When It Is Inconvenient to Use a Tape 

(a) Where pulleys are of equal or nearly equal 
diameters, and on long centers—^Add the diameters 
in inches of both pulleys together; divide the result 
by 2,-and multiply by 3.14. Then divide by 12 and 
add twice the distance in feet between the centers of 
shafts. 

(b) Where puDeys differ considerably in diam¬ 
eter, and on short centers—^Add the diameters in 
inches of both pulleys together; divide the result by 
2, and multiply by 3.14. Then divide by 12 and add 
thereto an amount found thus: Subtract half the 
diameter in feet of the smaller pulley from half the 
diameter of the larger pulley; multiply the remain¬ 
der by itself. Add thereto the square of the center 
to center distance of shafts, in feet, and then 
extract the square root of this sum, and multiply 
by 2. 

0 0 0* 


To Find the Length of a Crossed Belt 

A—^Multiply the sum of the diameters by 1.57. 

B—^Divide the square of the difference between 
the diameters of both pulleys by four times the dis¬ 
tance between centers. 

C—Square the sum of the radii of the pulleys 
and add to it the square of the distance between 
centers. Extract the square root and multiply by 
two. 

The sum of A, B and C will give tne approximate 
length of the belt, which will in nearly all cases be 
almost exact. 



Example 

A 10-f6=16X1.67= 25.12 

B 4X4=16-^80= .20 

C 64-f-400=464=21.54 X2=43.08 

Length of belt 68.40 - 


To Calculate the Approximate Length in Any Roll 
of Belting 


Add together the diam¬ 
eter of roll and diameter 
of hole, both in inches; 
divide the result by 2. 
Multiply by 3.14 and by 
the number of coils in the 
roll. This gives the length 
in inches. Divide by 12, 
and you have the approxi¬ 
mate number of feet in 
the roll. 

Example: 

= IB 



15X3.14X16=753.6 inches 


=62.8 feet, or 62' 9% 


0 0 0 0 


Tension 

More belts and machinery are injured by lack of 
proper understanding of this subject, than by any 
other cause. Vertical belts require extra (not ex¬ 
cessive) tension, as it is necessary to obtain suf¬ 
ficient friction on the lower pulley. As far as 
possible avoid vertical transmission. 

There are no absolute rules on this subject, m 
the conditions under which belts are used vary to 
many respects. From observations made by engi¬ 
neers we suggest the foUowing schedule: 

For 3-ply belt, 30 to 40 lbs. per inch 
of width of belt. 

For 4-ply belt, 50 to 70 lbs. per inch 
of width of belt. 

For 5-ply belt, 70 to 90 lbs. per inch 
of width of belt. 

For 6-ply belt, 90 to 110 lbs. per inch 
of width of belt. 

For 7-ply belt, 110 to 130 lbs. per inch 
of width of belt. 

For 8-ply belt, 130 to 150 lbs. per inch 
of width of belt. 

Care should be taken that the tension is never 
sufficient to heat the bearings. Excessive tension 
is injurious. 

0 0 0 0 


Comparison of Rubber and Leather Belting 

In the following, rubber belting made from 32 
ounce cotton duck has been taken as a basis for 
comparison: 

2 - ply rubber belt equals light single 

leather belt. 

3- ply rubber belt equals medium single 

leather belt. 

4- ply rubber belt equals heavy single 

leather belt. 

5- ply rubber belt equals light double 

leather belt. 

6 - ply rubber belt equals medium 

double leather belt. 

7- ply rubber belt equals heavy double 

leather belt. 

8 - ply rubber belt equals triple leather 

belt. 
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BELT DATA. 


Belt Rules and Formulas—Continued 


in Feet 
per 

Minute 

2 

^ 3 

4 

6 

6 

8 

10 

12 

14 

16 

18 

29 







Horse 

Power 






400 

1 


2 


8 

4 

6 

6 

7 

8 

9 

19 

600 

1% 

2% 

8 

8% 

4% 

6 

7% 

9 

10% 

12 

18% 

16 

800 

2 

8 

4 

6 

6 

8 

10 

12 

14 

16 

18 

20 

1000 

2% 

Z% 

6 


7% 

10 

12% 

16 

17% 

20 

22% 

26 

1200 

8 

4 % 

6 

7% 

9 

12 

16 

18 

21 

24 

27 

80 

1300 


5 % 

7% 

9% 

11% 

16 

18% 

22% 

26% 

80 

88% 

87 

1800 

4% 

8 w 

9 

11% 

18% 

18 

22% 

27 

81% 

86 

40% 

46 

2000 

6 

7% 

10 

12% 

16 

20 

26 

30 

86 

40 

46 

60 

2400 

6 

9 

12 

16 

18 

24 

30 

86 

42 

48 

64 

60 

2800 

7 

10% 

14 

17% 

21 

28 

36 

42 

49 

66 

68 

70 

3000 


11% 

16 

18% 

22% 

30 

87% 

46 

62% 

60 

67% 

76 

3500 

8% 

18 

17% 

22 

26 

36 

44 

52% 

61 

70 

79 

88 

4000 

10 

16 

80 

26 

80 

40 

60 

60 

70 

80 

90 

100 

4600 


17 

22% 

28 

84 

45 

67 

69 

78 

90 

102 

114 

6000 

-JiL 

19 

26 

81 


50 


76 


100 

-ill— 

126 


BELT FORMULAS _ 7^ 

Speed 

Provided the pul- j - 

leys are of ample size, Minuto 2 I 3 _4_5 

the following simple _ 

rules are conservative 400 1 ij* 2 1 

and reliable under or- |oo 2 ^ I* * ! 

dinary conditions of 4^ « 7 

service: 1500 2% 6 « 7 h t 

■'^ere pulleys are 2000 7* 10 12 

of unequal diameter, yjj 5 10 h i! il 

before consulting table sooo 7 j 4 u 2 jg is 

C determine the arc of *000 10 * i* \l^ li 

contact on smaller pul- |§g{j |J 

leys, as follows: -- 'L.«J •. 

Arc of Contact ®D“bi?*B?it?i ™ 

Divide the differ- ___ j 

ence between the radii 4 1 6 1 8 

of the two pulleys in 

inches by the distance 400 2% 4u bj 

between their centers, jfJ 

also in inches, and 1000 72 11 14? 

multiply the quotient 1500 lo? i«H 21» 

by 115 . This result “9® J* !»» |« 

subtracted from 180 2400 26* i 4 « 

will be the arc of con- $000 liS 4 s 2 

tact of belt on smaller ®®®® ||2 

pulley, stated in de- 4500 32% 49 bb 

Jrees -S®®®- 

TABU SKOWnrO KOMB.BOWBB XBAiraiDTTBD BT BBA1 


Velocity 
Pt. per 
Sec. 


10B8B POWBB TBAHBMXTTBD BT UATKBB BBBTB—TABU 

Rlnrle Belts 1 Inch Wide. 800 Feet Per Minute—1 Horse Power 
WlLlTH UF BELT IN INCHES 


COB8B POWBB TBABBMZTTBD BT UATUB BBBTS—TABU 

Double Belts 1 Inc h Wide. 650 Feet Per Minute—1 Horse Power 
WIDTH OP BELT IN INCHES 


12 I 14 I 16 

Horse Power 

8% 1 10 UM 

IS 16 nM 


18 14% 

19% 22 


66% 76 
76 89 


69% 78) 
81 91) 


> BBXiT OBB XBCK WZDB AS APPBOTBD BT TXZOBBB88 


LACED 

BELTS—TENSION 276 

LBS. 

1 

1 

Thickness in Inches 

1 1/7 1 1/6 1 

3/16 1 7/32 1 % 1 

6/16 1 

H II 


Velocity 
Pt. per 
Sec. 


RIVETED BELTS—TENSION 400 LBS. 


Thickness in Inches 


I % I 6/16 I % I % I 7/16 I 


10 

0.51 

0.69 

0.68 

16 

0.76 

0.88 

1.00 

20 

1.00 

1.17 

1.82 

25 

1.23 

1.43 

1.61 

30 

1.47 

1.72 

1.93 

36 

1.69 

1.97 

2.22 

40 

1.90 

2.22 

2.49 

46 

2.09 

2.46 

2.75 

60 

2.27 

2.65 

2.98 

55 

2.44 

2.84 

3.19 

60 

2.58 

3.01 

3.38 

65 

70 

2.71 

2.81 

3.16 

3.27 

3.55 

3.68 

76 

2.89 

3.37 

3.79 

80 

2.94 

3.43 

3.86 

86 

2.97 

3.47 

3.90 

90 

2.97 

1 3.47 

3.90 



H. P. becomes maximum at 87.41 feet per second. 

In the following formtilas: 

H. P.=Horse power. 

W=Width of belt in inches. 
D=Diameter of driven pulley. 
S=Speed of belt or surface speed 
of pulley in feet per 
minute. 


H. P. becomes maximum at 106.4 feet per second. 

Horse Power 

To find the horse power that wiU be transmit¬ 
ted, speed of pulley and width of belt being given: 

wxs 

H. P.=- 

600 


Width of Belt 

To find the width of belt required to transmit a 
given horse power, speed of pulley being given: 


H. P. X 600 


Speed Required 

To find the speed necessary to transmit a given 
horse power, width of belt being known: 

H. P. X 600 

S=- 

W 

NOTE—Results are for 4-ply belts, on pulleys 
of equal size, or 180 degrees arc of contact. Where 
other plies are used, or where pulleys are unequal 
in diameter, multiply by the decimal as shown in 
table C. 


TUU BHOW nrO KOBSB POWBB TBABBmTTBB PBl 
nroK OP wiP T H OP uu pob back eoo pbbt 

OP 8PBBS PBB XnrOTB—'X-ABU C 




Horse Power 

for 


on pulley of 

4-ply j 

5-ply 

6-ply j 

j 7-ply 

8-ply 

180 degrees 

1.00 

1.20 

1.40 

1.60 

1.80 

170 degrees 

.97 

1.16 

1.35 

1.56 

1.74 

160 degrees 

.94 

1.12 

1.31 

1.60 

1.69 

150 degrees 

.91 

1.09 

1.27 

1.46 

1.64 
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POWER TRANSMISSION DATA. 201 


Power Transmission Data 


RULES FOR DETERMINING SIZE AND SPEED 
OF PULLEYS 


The driving puUey is called the Driver, and the 
driven pulley the Driven. 



When the diameter of the Driven and its revolu¬ 
tions, and also revolutions of Driver are given, the 
DIAMETER OF THE DRIVER equals: 


TABU or BOBSa VOWBB Or ICABZXiA TBABSmSIOB 
BOra AT TABZOTS UBBSS 


Diameter 

of Rope 

In Inches 

SPEED 

OF THE ROPE IN 

PER MINUTE 

FEET 

Approximate 
welgrht per 
Foot 

Smallest Diam. 
of Sheaves 
in Feet 

1.600 

2.000 

2.600 

8.000 

3.600 

4.000 

4.600 

6.000 

% 

Im 

I.S 

8.6 

4.2 

4.« 

6.0 

5.8 

5.8 

.16 

1% 

% 

8.8 

4.8 

6.2 

6.8 

6.7 

7.2 

7.7 

7.7 

.20 

tyk 

% 

4.6 

6.9 

7.0 

8.2 

9.1 

9.8 

10.8 

10.7 

.88 

8 

1 

1 6.8 

7.7 

9.2 

10.7 

11.9 

12.8 

13.6 

1 S .7 

.42 

8)6 

1% 

7.6 

9.9 

11.7 

18.7 

16.4 

16.4 

17.4 

17.7 

.47 

4 


9.2 

1 

12.1 

1 

M.3 

1 1 

16.8 

1 

18.6 

1 

20.0 

1 

21.2 

21.4 

.60 

** 

IH 

.11.2 

1 

.16.0 

!i7.6 

1 1 

.19.9 

•22.7 

>24.4 

26.9 

1 

126.1 

1 

.70 

6 

IH 

118.1 

1 1 

1 

117.4 

1 

120.7 1 

128.1 

26.8 

1 

128.8 

30.6 

180.8 

.80 

5 

1% 

118.0 1 

188.7 1 

I 28.2 1 

1 

32.8 

86.4 

89.2 1 

I 4 I .5 

41.8 

1.15 

1 6 

8 

Iso.i 

180.8 1 

186.8 1 

42.8 

47.6 

61.8 1 

54.4 

164.8 

1.86 1 

1 7 


Diam. of Driver X ReV' of Driven 


Revolutions of Driver 


When the revolutions of the Driven and diam¬ 
eter and revolutions of the Driver are given, the 
DIAMETER OF THE DRIVEN equals: 

Diam. of Driver X Rev. of Driver 


Revolutions of Driven 


When the diameter and revolutions of the 
Driven and diameter of the Driver are given, the 
REVOLUTIONS OF THE DRIVER equals: 

Diam. of Driven X Rev. of Driven 


Diameter of Driver 


When the diameter and revolutions of the 
Driver, and diameter of the Driven are given, the 
REVOLUTIONS OF THE DRIVEN.equals: 

Diam. of Driver X Rev. of Driver 


Diameter of Driven 


Formula for Prime Mover—“Head Shaft.” 

Diameter * X R- P. M. 

H. P. -- 

80 


Formula for Second Mover—“Line Shaft.” 

Diameter * X R. P- M. 

H. P. -- 

60 


KOBSB-FOWBB TBAHBMITTBB BT A BTBBZi BOPB OB 

wooo-nuas skbavbs 



1 

Velocity of 

Rope 

In Feet Per Second 


of Rope 











Inches 

1 

10 

1 1 

20 

1 

30 

40 

60 

60 

70 

80 

90 

100 

)4 

4 ' 

8 

i ^*1 

17 

21 

25 * 

1 

28 

82 

1 87 

40 

6/16 

7 

13 

20 

26 

33 

40 

44 

61 

67 

62 

% 

10 

19 

28 

38 

47 

56 

64 

78 

80 

89 

7/16 

13 

26 

38 

51 

63 

76 

88 

99 

109 

121 

hk 

17 

34 

51 

67 

83 

99 

115 

130 

144 

159 

9/16 

22 

43 

66 

86 

106 

128 ' 

147 

167 

184 

208 

% 

1 27 

63 

79 

104 

130 

165 

179 

203 

226 

247 

11/16 

32 

63 

95 

126 

167 

186 

217 

245 

... 

... 

\ 

38 

76 1 

103 

150 

186 

223 


... 

... 

... 

% 

62 

1 

104 

166 

206 


... 


... 

... 

... 

1 

68 

136 1 

202 

... 

... 


... 

... 

... 

... 


The horse-power that may be transmitted by 
iron ropes is one-half of the above. The above 
horse-powers are for ropes working under the maxi¬ 
mum safe working tensions. It would be well, 
therefore, to allow a small margin to take care of 
rope stretch, thus avoiding the necessity of taking 
up small amount of stretch. With rubber and 
leather-filled sheaves, the amount of horse-power 
capable of being transmitted is 40 per cent, greater 
than for wood, so that they are generally used. The 
transmission of horse-powers greater than 250 is 
impractible with filled sheaves, as the tension would 
be so great that the filling would be quickly cut out. 
• • • • 

Belt-clamps having spring-balances between the 
two pairs of clamps should be used for weighing the 
tension of the belt accurately each time it is 
tightened. 


In figuring the total expense of belting and the 
cost chargeable to this account, by far the largest 
item is the time lost on the machine while belts am 
being replaced and repaired. 
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Power Transmission Data 


RULES AND DEFINITIONS FOR GEARS 


The cut below shows a pair of common spur 
srears and names the principal parts. 

Spur gears are gears on parallel axes. Internal 
gears and racks and some forms of spiral gears are 
spur gears. 

Theoretically the teeth of spur gears may be of 
any desired size, but, as they must be shaped by 
expensive cutters of fixed forms, they are prac¬ 
tically confined to certain definite shapes and sizes 
known as “standard” forms and pitches. 

The “diametral pitch” is the number of teeth in 
a gear per inch of its pitch diameter, and calcula¬ 
tions by its use are ve^ simple. Thus, if a gear 
has a four-inch pitch diameter and is of 12 pitch, 
it must have four times 12, or 48 teeth. If a gear 


the rim, and not the apparent length, and it is much 
better to give the length of the hole rather than 
that of the hub. 

The word “diameter,” when applied to any gear, 
means its pitch diameter, and not its measured or 
“outside” diameter. 

Diametral Pitch of a gear is the number of teeth 
to each inch of the pitch diameter. 

Circular Pitch is the distance from the center of 
one tooth to the center of the next, measured along 
the pitch line. 

The Circular Pitch is equal to the constant 
.3.1416 divided by the diametral pitch. 



To Find Diametral Pitch from 

number of teeth and pitch diameter, 
divide the number of teeth by the 
pitch diameter. 

To Find Diametral Pitch from 

number of teeth and outside diam¬ 
eter, add 2 to the number of teeth and 
divide by the outside diameter. 

The Number of Teeth in a gear is 
equal to the pitch diameter multiplied 
by the diametral pitch. 

To Find Pitch Diameter from 

number of teeth and pitch, divide the 
number of teeth by the diametral 
pitch. 

To Find Outside Diameter, add 2 
to the number of teeth and divide by 
the pitch. 

To Find the Whole Depth of a 
Tooth, divide 2.157 by the ^ametral 
pitch, or take .6866 of the cir- 


has 37 teeth and is of 8 pitch, its pitch diameter 
must be 37 divided by 8, or 4% inches. 

The outside diameter of a spur gear is larger 
than its pitch diameter by two “pitchparts”; thus, 
any gear of 7 pitch has an outside diameter two- 
sevenths of an inch larger than its pitch diameter. 
This does not apply to bevel gears. 


cular pitch. 

To Find Thickness of a Tooth at the pitch line, 
divide the circular pitch by 2, or 1.67 by the diamet¬ 
ral pitch. 

To Find Center Distance of a pair of gears, add 
the number of teeth together and divide one-half 
the sum by the diameti^ pitch. 


If the center distance AC is given, and the pitch 
point B, at which the pitch lines roll together, is 
required for a pair of gears of a given proportion, 
lay off the distance AD and DE in the given propor¬ 
tion and in any direction, draw EC and then DB 
parallel to EC will fix the point B. The radii BC 
and AB must now be divisible by half a pitch, part 
of the pitch to be used; thus, if the gears are to 
be cut 8 pitch, there must be a whole number of 
sixteenths of an inch in both AB and BC. 

It should be remembered that the pitch of a 
gear must be a regular standard pitch, also that the 
length of the hub is the part that projects beyond 


To Find the Number of Teeth in a gear and pin¬ 
ion, multiply center distance by two times the diam¬ 
etral pitch, and divide product by ratio of pinion 
plus ratio of gear. This quotient multiplied by ratie 
of pinion equals number of teeth in pinion, and by 
ratio of gear equals number of teeth in gear. 

Addendum is the distance from the pitch circle 
to the outside diameter. 

Dedendum is the distance from the pitch circle 
to the bottom of the working depth. 

Clearance is the distance from the working 
depth to the bottom of the tooth. 
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GEAR DATA. 203 


HERRINGBONE GEARS 


Standard Cut Herringbone Gears (Hobbing Process). 
Cut up to 1 ^ D. P. The face should be made not less than 
six times the circular pitch, as in table: 


D. P. 

C. P. 

Min. Face 

D. P. 

C. P. 

Min. Face 

10 

.314" 

2 " 

1 3 

1.04" 

6%" 

8 

.392" 

2%" 

2V4 

1.15" 

7%" 

6 

.523" 





5 

. .628" 





4 

.785" 





3% 

.897" 










Standard Hobbed Teeth are always 23® helical angle, 20® 
involute stub teeth. 

Standard herringbone gearsare cut both halves of the 
same tooth at one time, which requires a groove in the center 
of the face for hob clearance. To avoid under cutting of the 
teeth in pinions of 17 teeth or less, it has been found desir¬ 
able to use special diameters. The pitch and pitch diameter 
for standard herringbone hobbed gears is designated the 
same as spur gears using diametral pitches only. The pitch 
diameter is csdculated by the same method as for spurs. 

No. of teeth 

P. D. = - 

D. P. 

The outside diameter = P. D. plus 2 | — I plus or minus 

\DP/ 

modifications for 17 teeth or less given in Table 2. 


Horse power transmitted by standard cut herringbone 
gears may be found from the following formula: 


VSPPYK 

H. p. = - 

33000 

V = Velocity of Pitch line in ft. 
per min. S = Fiber-Stress; forged 
steel, 10,000; cast steel, 7,500; cast 
iron and semi-steel, 4,000; pronze, 
5,000. P = Circular Pitch. P = 
Total Face. K = Speed factor op¬ 
posite. Y = Tooth factor opposite. 


T. 

Y. 


K. 

Ft. per Min. 

12 

.08 



15 

.09 

100 

.95 

19 

.1 ; 

500 

.85 

26 1 

.11 

1000 

.75 

35 1 

.12 

1500 

.66 

50 

.13 

2000 

.60 

80 

.14 

2500 

.55 

300 

.15 

3000 

.50 


Some reasons for using standard herringbone gears in 
preference to spur gears. 

They will operate satisfactorily at 100 per cent, higher 
speeds. Are practically noiseless and free from vibration. 
Ratios of reduction may be double those possible with spurs. 
Will transmit 50 to 100 per cent, more power for equal 


TABZiB 1—Table of Tootb Parts 


1 

Equivalent 

Normal I 
Tooth 1 

1 

Twice 

:—1 

Twice * 

1 

Bottom 1 

Whole 

Diametral 

Circular 

Thickness 

Adden¬ 

Addend, or] 

Dedden- 

Dedden- 

aear- 

Depth of 

Pitch 

1 

j Pitch 

at Pitch 
Line | 

dum 

Working 
Depth 1 

dum 

1 

dum 

ance 

Tboth 


10 . 

.314 

.145 

.08 





.180 

8 . 

.393 

.181 

.100 


.126 



.225 

6 . 

.524 

.241 

.133 

.266 

.167 

.334 

.034 

.300 

5. 

.628 

.289 

.160 

.320 

.200 

.400 

.040 

.360 

4. 

.785 

.362 

.200 

.400 

.250 

.500 

.050 

.450 

3.50 

.898 

.413 

.229 

.458 

.286 

.572 

.057 

.616 

3. 

1.047 

.482 

.267 

.634 

.333 

.666 

.066 

.600 

2.60 

1.266 

.578 

.320 

.640 

.400 

.800 

.080 

1 .720 

2 . 

1.571 

.723 

.400 

.800 

.500 

1.000 

.100 

.900 

1.75 

1.796 

.816 

.457 

.914 

.572 

1.144 

.115 

1.029 

1.60 

2.094 

.964 

.633 1 

1.066 

.667 

1.334 

.134 

1.200 

1.26 1 

2.513 1 

1.156 1 

.640 

1.280 

.800 

1.600 

.160 

i 1.440 

_!_J 

3.142 

1.446 1 

.8 1 

1.6 

1 1.00 

2.00 

1 .200 

i - ^ « - 


weight than spurs. Have an efficiency of transmission 
about 20 per cent, higher than spurs. Are two to five times 
more durable than spurs. .Are cut with much greater ac¬ 
curacy than possible with spurs. In consideration of the 
above, are cheaper than spurs. 

See Charts and Tables, giving tooth parts, enlargement 
grooves of herringbone gears. 



TABZiB 3—Standard Oroovo 
Tor Bobbed Tootb Gears (8 to 1V4 !>• 3P-) 


DI.MB.NS10NS OP GROOVE 


Diametral i 
Pitch 


Number 
oT Threads 
in Hob 



Tor Planed Tootb Gears (Over 3P.) 



Turn groove as 
shown for forged 
steel and also cast¬ 
ings if teeth are 
not cored out. 




Core Pock¬ 
ets as shown 
when teeth 
are cored out. 
to 


8TBBVGTK OP BBBBXVGBOBB GBAB8 

Number of Teeth in Pinion 



NOTE—For pinicms with less than 18 teeth see Table 2. 


TABBB 2—^Bnlargement In Ontslde Diameter of Pinions witb 
17 Teetb or Dess and €k>rresnonding Decrease in Outside 
Diameter of Gears to Provide a Pull Involute Tootb 







PTAMETRir.V. 

PITCH 






10 

8 

6 

5 

4 1 3)4 1 3 

2)4 

2 

H4 1 IH 

1 % 

1 

7 

.1181 

.1478 

.1976 

.2364 

.2954 

.3382 

.3938 

.4726 

.5906 

.6762 

.7882 

.945 

1.181 

8 

.1064 

.133 

.1782 

.2128 

.2662 

.3046 

.3548 

.4258 

5322 

.6094 

.7102 

.8514 

1.064 

9 

.0947 

1184 

.1586 

.1894 

.2368 

.2712 

.3158 

.379 

.4736 

.5424 

.6322 

.7578 

.9471 

10 

.083 

.1038 

.1392 

.1662 

.2076 

2.378 

.2768 

.3322 

.4152 

.4756 

.5542 

.6642 

.8302 

11 

.0713 

.0892 

.1196 

.1428 

.1784 

2044 

.2378 

.2854 

.3568 

.4088 

.4762 

.5706 

.7132 

12 

.0596 

.0746 

.1002 

.1194 

.1492 

.171 

.1988 

.2386 

.2982 

.342 

.3982 

.4772 

.5962 

13 

.0479 

.06 

.0806 

.0968 

.12 

.1376 

.1598 

.1918 

.2398 

.2752 

.3202 

.3836 

.4792 

14 

.0362 

.0454 

.0612 

.0726 

.0906 

.1042 

.1208 

.145 

1812 

.2082 

.2424 

.29 1 

.3623 

15 

.0246 

.0308 

.0416 

.0492 

.0614 

.0708 

.0818 

.0982 

.12281 

.1414 

.1644 

.1964 

.2453 

16 

.0128 

.0162 

.0222 

.0268 

.0822 

.0374 

.0428 

.0514 

.0642] 

.0746 

.0864 

.1028 

.1283 

17 

18 

.0011 

.0016 

.0026 

.0024 

.0028 

.004 1 

.0038 

.0046 

.0058 

.0078 

.0084 

.0092 

.0113 


Calculate the outsids diameter as usual, then add the amount of enlargement to the 
pinion and subtract the same amount from tbe gear. Use only when pinion has 17 
teetb and leas. 

When two enlarged pinions have to gear together, the center distance must be increased 
by one-half of the sum of the enlargement. 


3 

W =z —PFYK—(Safe for wear, well oiled). 
2 For Grease Lubrication, 

W = Load In Pounds Multiply by .8 to .62. 
8 = Worlring Stress (No Speed). 

P = Circular Pitch. 

Y = Factor (From Curve). 

P = Face In Inches. 

K = Speed Factor (From Curve). 



Values 
of “8” 

Ultimate 

Tensile 

Chrome Nickel Steel 1 

Heat Treated- 

Forge Steel—.50C.. 
Forge Steel—.30C..I 
Cast Steel. 

30,000 

25,000 

20,000 

15,000 

8,000 

10,000 

120,000 

100,000 

80,000 

60,000 

24,000 

30,000 

Cast Iron. 

Bronze 88-10-2_ 


BQUXVADBBT TADITBS OT DZAMBTBAZi PZTCKB8 


D. P. 

1)4 

1)6 

1 % 

2 

2 % 

3 

3% 

4 

5 

6 

8 

C. P. 

2.51" 

2.09" 

1.79" 

1.57" 

1.25" 

1.04" 

.897" 

.785" 

.628" 

.523" 

.39R" 

Min. Face Rec. 

15" 

12 %" 

11 " 

9%" 

7)6" 

6 )6" 

5)6"! 

6 " 

4" 1 

3%" 

2)4" 


For Continuous Contact of Teeth Min. Face " 6 times C P. 

Example: Pin. 33T.—Gear 197T.—2% D. P.—28F.—1860 Ft. Per Min. Pitch Speed. 
Material: Chrome Nickel, Heat Treated Steel Pinion, Rolled Steel Gear Rim. 

W = 16,000 X 1.26 X 28 X 118 X 62 = 38,400 lbs. H. P. = 

WXV 38.400X 1860 

- = - = 2150 H. P. 

38,000 33,000 
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204 gear data. 


Before Ordering Gears—Read This 

A common complaint made by manufacturers of (rears is that mining officials in transmitting their 
orders for spur or bevel gears and pinions or worm wheels frequently fail to give the complete infor¬ 
mation which is needed before the part can be made. 

Since such parts are usually needed in haste much time and annoyance can be saved, both to the 
manirfacturer and the mine official if the information given on this page is used as a guide. It com¬ 
pletely covers the data needed. Do not slight a single item but give full information on each detiffi. 
Copies of this form may be had on request to the publishers of the MINING CATALOG. 



SPUR GEAR 

Material. 

No. of Teeth. 

Outside Diam. 

F—Face. 

L—Hub Length. 

E—^Hub Extension. 

B—Hub Bore. 

Keyway... .in. by_in. 

Straight or 
Tapered . 

Shaft Centers 
(Important) 


SPUR PINION 

Material. 

No. of Teeth. 

Outside Diam. 

F—Face. 

L—Hub Length. 

E—Hub Extension. 

B—Hub Bore. 

Keyway... .in. by... .in. 

Straight or 
Tapered. 





BEVEL GEAR 

Material. 

No. of Teeth. 

Outside Diam. 

F—Face. 

L—Hub Length. 

E—Hub Extension. 

B—Hub Bore. 

Keyway-in. by_in. 

Straight or 
Tapered . 

Angle of Shafts 
(Important) 


BEVEL PINION 

Material. 

No. of Teeth. 

Outside Diam. 

F—Face. 

L—Hub Length. 

E—Hub Extension. 

B—Hub Bore. 

Keyway... .in. by... .in. 

Straight or 
Tapered . 

.Degrees. 



SECTION IV. 


WORM WHEEL 

Material. 

No. of Teeth. 

Throat Diam. 

F—Face. 

L—Hub Length. 

E—Hub Extension. 

B—^Hub Bore. 

Keyway_in. by_in. 

Straight or 
Tapered . 

Shaft Centers 
(Important) 


WORM 

Single ) 

Double V Thread 
Triple J 

Material. 

.Pitch .Lead 

Outside Diam. 

F—Face. 

L—Hub Length. 

E—Hub Extension. 

B—Hub Bore. 

Key way... .in. by — in. 
Straight or 
Tapered . 
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MAXIMUM SPEED OF GEARING 


HORSE POWER OF GEARS 


Ordinary gearing with cast-iron teeth, 1,800 
feet per minute. 

Cast-iron gearing with* accurate, machine-cut 
teeth, 3,000 feet per minute. 

Ordinary gearing with cast-iron teeth should 
not run over 1,200 feet per minute to avoid great 

noise. - 

EFFICIENCY OF SPUR GEARING 


Efficiency of machine-cut gearing, if well lined 
up and not overloaded, will be as high as 98%, 
and under ordinary circumstances can be safely 
taken at 96%. 

Cast-tooth gearing, under favorable conditions, 
show an efficiency of 95%. A safe figure under 
ordinary conditions is 90%. 


RELATIVE SPEED OR GEAR RATIO 


Cast Iron 

F = Breadth, or Face, of Tooth in inches. 

T = Thiclmess of Tooth at pitch line, inches. 
V = Velocity at pitch line in feet per minute. 
L = Length of Tooth, from root to point, in 
inches. 

C = Co-efficient. 

H P = Horse Power transmitted with a safety 
of eight, ultimate tensile strength, 
30,000 pounds per square inch. 

FORMULAE 

(1) Horse power of Spur Gear8= ^ ^ ^ 

LXo3 


The following rules can be used to determine 
the relative speeds and the number of teeth for 
two gears working together: 

1. Revolutions of Driving Gear = 

No. of Teeth X Revs, of Driven Gear 


No. of Teeth of Driving Gear 

2. Revolutions of Driven Gear = 

No. of Teeth x Revs, of Driving Gear 


No. of Teeth of Driven Gear 

3. No. of Teeth in Driving Gear = 

No. of Teeth X Revs, of Driven Gear 


Revs, of Driving Gear 

4. No. of Teeth in Driven Gear = 

No. of Teeth X Revs, of Driving Gear 


Revs, of Driven Gear 


(2) Horse power of Bevel Gears:^^—^^ 

LX67 

(3) Horse power of Miter Gears= ^^^ 25^ 

LX82 

In formulae for Bevel and Miter Gears the fac¬ 
tors T and L express the pitch at large end of tooth. 


DXMBV8XOV8 OF 8TAVDABD ZSY8BAT8 FOB OBAB8 


Diameter 
of Hole 
Inches 

Keyseat 

Diameter 
of Hole 
Inches 

Keyseat 

Width! Depth 
Incheslincnes 

Width Depth 
Inches Inches 

1/4 to 8/8 

7/16 to 5/8 

11/16 to 7/8 

15/16 to 1 1/8 

1 8/16 to 1 5/16 

1 8/8 to 1 18/16 

1 7/8 to 2 5/16 

2 8/8 to 2 18/16 

2 7/8 to 8 5/16 

8 8/8 to 8 18/16 

1/16 
1/8 
8/16 
1/4 
■ 5/16 
8/8 
1/2 
5/8 
3/4 
• 7/8 

1/82 
1/16 1 
8/82 
1/8 
5/82 
8/16 
1/4 
5/16 
8/8 
7/16 

8 7/8 to 5 8/16 

5 1/4 to 6 7/16 

6 1/2 to 7 11/16 

7 8/4 to P. 15/16 

9 to 10 9/16 

10 1/4 to 11 7/16 
111/2 to 12 11/16 
12 8/4 to 18 15/16 
14 to 14 15/16 

1 

11/8 

1 1/4 
18/8 
11/2 
15/8 

1 8/4 
17/8 

2 

1/2 

9/16 

6/8 

11/16 

8/4 

li/16 

7/8 

15A6 


KOB8B-FOWBB 8S4FTZBO WZZiB TBAV8MXT 


Diameter 

of 

Shaft 

Weight 

per 

Foot 

REVOLUTIONS PER MINUTE 

100 

125 

150 

1 

175 

1 

200 

225 

250 

1 

300 

850 

400 

15/16 

1 3/16 

1 7/16 

1 11/16 

1 16/16 

2 3/16 

2 7/16 

211/16 

2 16/16 

3 3/16 

3 7/16 

311/16 

315/16 

4 7/16 

415/16 

2.05 

3.77 

5.52 

7.61 

10.03 

12.80 

15.89 

19.31 

28.06 

27.16 

81.58 

36.40 

41.40 

52.58 
65.10 

1.2 

2.4 

4.3 

6.7 

10.0 

14.3 

19.5 
26.0 

33.8 

43.0 

53.6 

65.9 
80.0 

* 113.9 

156.3 

1.4 

3.1 

5.3 

8.4 
12.5 

17.8 

24.4 

32.5 
42.2 

53.6 
67.0 
82.4 

100.0 

142.4 

195.3 

1.7 

3.7 
6.4 

10.1 

15.0 

21.4 

29.3 
39.0 
50.6 

64.4 

79.4 
97.9 

120.0 

170.8 

234.4 

2.1 

4.3 

7.4 

11.7 

17.5 

24.9 

34.1 

43.5 

59.1 

75.1 

93.8 
116.4 
140.0 

199.3 

273.4 

2.4 

4.9 

8.5 

13.4 
20.0 

28.5 
39.0 
52.0 

67.5 

85.8 

107.2 

121.8 

160.0 

227.8 

312.5 

2.6 

5.5 

9.6 

15.1 

22.5 

32.1 

44.1 

58.5 
75.9 

96.6 
120.1 
148.3 
180.0 

256.2 

351.5 

1 

3.1 

6.1 

10.5 
16.7 
25.0 

35.6 

48.7 
65.0 
84.4 

107.3 

134.0 

164.8 

200.0 

284.7 

390.6 

3.6 

7.3 

12.7 
20.1 
30.0 

42.7 
58.5 
78.0 

101.3 

128.7 

158.8 

195.7 
240.0 

341.7 

468.7 

4.3 

8.5 

14.8 
23.4 
35.0 

49.8 
68.2 
87.0 • 

118.2 

150.3 

187.6 

230.7 
280.0 

398.6 

546.8 

5.0 

9.7 

16.9 

26.8 

40.0 

67.0 

78.0 

104.0 

135.0 

171.6 
214.4 

243.6 
320.0 

455.6 
625.0 


The engineering data in this section has been 
compiled largely from the catalogs of the following 
manufacturers: 


Allis-Chalmers Manufacturing Company 
George M. Newhall Engineering Company 
R. & J. Dick, Limited 
New York Belting and Packing Company 
Denver Engineering Works 


mining catalog 


Victor Balata & Textile Belting Company 
Fawcus Machine Company 
Revere Rubber Company 
George C. Moon Company, Inc. 
Philadelphia Gear Works 
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THE B. F. GOODRICH RUBBER CO. 


THE B. F. GOODRICH RUBBER CO. 


AKRON, OHIO 


Branches 
Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buifalo, N. Y. 
Chicago, III. 
Dallas, Texas 
Denver, Colo. 


let 


Branches 
Detroit, Mich. 
Kansas City, Mo. 
Los Angeles, Cal. 
New York, N. Y. 
Philadelphia, Pa. 
San Francisco, Cal. 
Seattle, Wash. 


THE INTERNATIONAL B. F. GOODRICH CORP. 
London Capetown Singapore 

Transmission Belts for Every Duty 


Mechanical Rubber Goods of Every Descriptim 

For Conveyor and Elevator Belts, see pages 662 to 666; for Air Drill Hose, see page 303; for Steam' 
Hose and Packing, see pages 190 and 191; for Fire Protection and Water Hose and Couplings, see pages 
794 and 795. 





Transmission Belts For Every Duty 

The difference between the right belt for a drive 
transmitting several hundred horsepower, or for a 
brute drive such as a gyratory crusher, and a belt 
for a small high speed fan 
is more than a mere matter 
of size. The very make- 
up and the physical char¬ 
acteristics of the belts 
must be different if satis¬ 
factory results are to be 
achieved. 

It is obviously just as 
unwise to attempt to drive 
a fan with a belt built for 
a gyratory crusher as it is 
to drive a gyratory crusher 
with a belt constructed to 
drive a high speed small 

pulley fan. Each belt must be designed with par¬ 
ticular reference to its adaptability for the par¬ 
ticular job it has to perform, and it is with this 
though in mind that we recommend to you, in the 
following paragraphs, certain of our brands for 
mining service. 

Commander 

We would be willing to rest our reputation as 
belt makers on the superiority of COMMANDER. 
With modem industry demanding more and more 
from every item of plant equipment and particu¬ 
larly from drive belts, the continued success of 
COMMANDER since its inception has been a sub¬ 
stantiation of its fundamental soundness. 

SECTION IV. 


COMMANDER has a special extra heavy duck, 
the result of careful investigation of what consti¬ 
tutes the proper duck for heavy transmission work. 
This, while giving great body and tensile strength 

to the belt, has remarka¬ 
ble flexibility; consequently 
COMMANDER is able to 
stand heavy overloads with 
very little damage. This 
strong duck also gives 
great security at the lac¬ 
ings. 

COMMANDER friction 
has plenty of strength and 
toughness to stand any of 
the strains that come upon 
a drive belt in the heaviest 
kind of service. It tests 
high, but there is more to 
it than merely the pounds pull it will stand in test. 
What counts is not how the friction tests when new, 
but how well and how long it stands up in continu¬ 
ous service. The friction in COMMANDER has 
that aging quality necessary to hold the plies to- 
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trade mark 


Transmission Belts for 
Every Duty 



TRADE MARK 


gether until the very end of the belt’s normal use¬ 
fulness. 

The heavy gum cushion under the outer ply is 
a unique feature that contributes largely to COM¬ 
MANDER’S success. This elastic cushion takes 
up much of the strain that tends to shear the plies 
ai>art as the belt bends over the pulleys. This 
gives COMMANDER an advantage over the ordi¬ 
nary heavy duty belt on pulleys of moderate size; 
the severe strains that rack the usual belt may be 
said to be absorbed in COMMANDER’S gum 
cushion. This cushion preserves all the advantages 
of a friction surface belt to COMMANDER and also 
gives it the advantages of a covered belt. It im¬ 
proves the grip on the pulleys, because of the 
greater flexibility and resilience of the belt. It also 
provides insulation against direct wear on the car¬ 
cass. It effectively keeps away from the interior 
all moisture, oils, etc. 



Each part of COMMANDER is perfect for its 
work. On account of its combined strength and 
flexibility, it is the ideal belt for many places where 
difficulty in transmission practice is experienced. 



strength and ample body for the fasteners, com¬ 
bined with the necessary flexibility for perfect 
operation. It hugs the pulleys closely, reducing 
slippage and horsepower losses, and its strong elas¬ 
tic friction guarantees immunity from ply separa¬ 
tion. 



Maratium 

Drive belts for operation at extreme speed over 
small pulleys must be of exceptional quality and 
flexibility. Such machines as centrifugal pumps, 
fans, etc., demand belts having an unusual com¬ 
bination of lightness and ruggedness. 

MARATHON is made for this service. It has 
a light, closely woven duck of unusual tensile 

MINING CATALOG SECTION IV. 

e 



Rob Roy 

There is a demand among certain classes of 
users for a light weight, medium priced friction 
surface belt, for use where the service is light or 
intermittent. ROB ROY meets this demand. Many 
are users of this belt because they have found that 
they get more out of it in proportion t<> its cost 
than they do out of any available competitive belts. 
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LINK-BELT COMPANY. 


LINK-BELT COMPANY 


CHICAGO 


INDIANAPOLIS 


PHILADELPHIA 

New York.Wool worth Bldg. 

Boston.49 Federal Street 

Pittsburgh.1501 Park Bldg. 

St. Louis. . .Central National Bank Bldg. 

Buffalo.547 Elllcott Square 

Wilkes-Barre. .2ad National Bank Bldg. 

Cleveland.429 Kirby Bldg. 

Huntlngton.W.Va., Robson-Prichard Bldg. 


Braaoli Offloss and Agsiiolsfl 

Detroit.4210 Woodward Ave. 

Kansas City, Mo....306 Elmhurst Bldg. 

Seattle.820 First Ave., S. 

Portland, Ore.161 First St. 

San Francisco.168 Second St. 

Los Angeles.163 N. Los Angeles St. 

Denver. .. .Llndrooth, Shubart & Co., 

Boston Bldg. 
H. W. Caldwell & 


Louisville, Ky.Frederick Wehle, 

Starks Bldg. 

New Orleans.C. O. Hinz, 

504 Carondelet Bldg. 

Birmingham, Ala.S. L. Morrow, 

720 Brown-Marx Bldg. 
Son Co., Chicago, New York, Dallas, Texas 


Canadian Link-Belt Co., Ltd., Toronto and Montreal 


World’s Largest Manufacturers of 

Chains for Elevating, Conveying and Power Transmission 

For Description of Other Products See Pages 499, 653, 654 and 655 



Two 75 H. P. T..ink-Belt Silent Chain Drives operating 
tube and ball mills. 


Link-Belt Silent Chain for the EflScient Transmis¬ 
sion of Power 

Link-Belt Silent Chain is the most commercially 
efficient and technically sound medium for the 
transmission of power. It is “Flexible as a Belt— 
Positive as a Gear—More Efficient Than Either.” 

The superiority of Link-Belt Silent Chain is 
proved by the vast number of drives in service to¬ 
day, after ten years and more of severe duty. They 
grow old in service because they possess lasting 
qualities. You should use Link-Belt Silent Chain 
on all important drives around the mine, such as 
compressors, fans, pumps, hoists, ball and tube 
mills, conveyors, etc. 

Link-Belt Silent Chain is practically a flexible 
gear. It cannot slip. Tension is on the pulling 
side of the chain only; hence journal friction is 



Link-Belt Silent Chain Drive Operating Tube Mill 


much less than with belt drives. No power is lost 
due to bearing friction; 98.2% of the energy of the 
motor is transmitted to your shaft or machine to 
perform useful work. The drive is not affected by 
atmospheric conditions, operating equally well in 
hot, cold or damp places; it permits economy of 
space, because you are able to arrange for centers 
to suit the convenient location of your driving unit. 

Enclosed in our oil-retaining dust-proof casing 
(running in oil) it is protected from dust, insures 
safety to workers, and requires practically no atten¬ 
tion. It combines in one drive the best points of 
leather belts and cut gears, minus their disad¬ 
vantages. 

You can learn all about it by writing for 128- 
page price-list data-book No. 125. It contains in¬ 
formation for every man interested in the economi¬ 
cal transmission of power. 
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Two Link-Belt Silent Chain Drives Operating Ball Mills 
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MORSE CHAIN COMPANY 


ITHACA, NEW YORK 



Spring SproelDBt 


Write for Booklet—^Address Nearest OflSce 


ATLA.NTA. GA.Candler Bldg., Earl F. Scott k Co. 

BALTIMORE, MD.1402 Lexington Bldg. 

BOSTON, MASS.141 MUk St. 

CHARLOTTE, N. C.404 Commercial Bank Bldg. 

CHICAGO, ILL.Merchants L. k T. Bldg. 

CLEVELAND, OHIO.Engineer! Bldg. 

l ETROIT, MICH.1361 Abbott St. 


NEW YORK cm.30 Church Si. 

MI.NNE.\POLIS. MI.NN_So. 3rd St.. Stroog-Soott Mfg. Co. 

MONTREAL.St. Nicholas Bldg., Jones k Glassco R.‘g’d 

PHILADELPHIA, PA.Fuller Bldg. 

PITTSBURGH, PA.Westlnghouse Bldg. 

SAN FRANCISCO. CAL.Monadnock Bldg. 


ST. LOUIS MO.Chemical Bldg., Morse Engineering Co. 

KA.N'SAS CITY, MO. .. .Finance Bldg., Morse Engineering Co. TORONTO. ! . . .Bank of Hamilton Bldg., Jones k Glassco Beg‘d 
WINNIPEG, MAN.Duflerln St., Strong-Scott Mfg. Co. 



Shear Pin Sprocket 


Product 

Morse Silent Chains and Sprockets for the 
transmission of power for every purpose. 



Illustrating Guide I4jik. Runs in Groove Around 
Sprocket, Holds Chain to Line, Prevents Swaying 

General Description 

The Morse Rocker Joint Silent Chain Drive is 
essentially a steel belt, made of flat links arranged 
to form teeth on one side of the chain which engage 
with teeth cut in the sprocket wheels over which 
it runs. 

It is a gear belt and used in place of belting and 
gearing and made in varying pitches from % in. to 
3 ins. to transmit from 14 H. P. to 5,000 H. P. 

In use today for over 3,500,000 H. P., giving 
positive speed ratios, increased production, short 
centers, better light, less maintenance, freedom 
from overhead construction. 



25 H. P. Morse Silent Chain Driving Posi¬ 
tive Blower in a Western Smelting Plant 

The Morse Rocker Joint 

The principal difference between “Morse” and all 
others is in that unseen but all-important part, the 
joint. Morse Drives are constructed with the fact 
in view—the joint bears the burden. Instead of a 
single pin, as in other joints, two special pins, both 
held in their respective halves, form the joint. No 
bushing is required. 

Note: When the chain is running straight, be¬ 
tween sprockets, the flat 
of seat pin bears against 
one of the flat faces of 
rocker pin. As the chain 
bends in circling each 
sprocket, the curved side of 
one pin rocks upon the 
broad, flat side of the other, 
entirely eliminating de¬ 
structive grinding friction. 



Speed and Service 

This exclusive “Rocker Joint” construction en¬ 
ables the Morse to run at a speed far in excess of 
other chains because lubricant is not essential to its 
operation; and after years of service (in every line 
of industry) it is accepted as the most durable chain 
on the market. 

Material Parts 

“Morse Drives” have great mechanical strength 
and are made 
with a large 
factor of safe¬ 
ty, assuring 
100 per cent, 
overloads. 

They need lit¬ 
tle attention, 
and consist of 
driving and 
driven sprock¬ 
ets (s^lid or 
split, S.S., and 
keyed) and si¬ 
lent chain belt. 

Driven 
sprockets are 
usually of 
cast iron. Driving sprockets of cast iron or steel 
as service requires. ' 

Advantages 

Morse is accepted as the drive that is: positive 
as gears, flexible as a belt; unaffected by heat, cold, 
moisture or oil; durable, and gives long life and is 
especially desirable for service in Chemical and 
Metallurgical Works where dust, gases, acid fumes 
and steam ruin leather belting. 

The world-wide demand and use in the most se¬ 
vere duty of Chemical Works, Smelters, Mines, and 
Mills is the evidence of their success. 




SO H. P. Drive Sheet Lead Rolls. Drive Reverses 
Every 46 Seconds. 

Morse Engineering Service 

Send us your general layout and let our Sales Engineers 
design the drive to suit your special requirements. Engi¬ 
neering service and designs free. Address nearest office. 
Free bulletins for every industry. 


See also our Current Advertising in “Mining Congress Journal” 
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HANGERS AND BEARINGS. 


DODGE SALES & ENGINEERING CO. 


DODGE SALES & ENGINEERING 

Distributor of the Products of the 

Dodge Manufacturing Corporation 

MISHAWAKA, INDIANA 




New York 
Pittsburgrh 
Cincinnati 
Chicago 


BRANCH OFFICES 
Minneapolis Philadelphia 

Houston Boston 

San Francisco Newark 

Dealers in Every Representative City 


CO 


§ 


Atlanta 
St Louis 
Seattle 


Power Transmission Machinery 




Products 

Power Transmission Machinery. 

For Elevating and Conveying Machinery see 
pages 660 and 661. 

For Heavy Oil Engines see page 178. 

For Dodge American System Rope Drives see 
page 212. 

Dodge Ball and 
Socket Drop 
Hangers 

The Dodge 
ball and socket 
shaft hanger 
combines proper 
distribution of 
strength with a 
true imiversal 
movement of the 
bearing in the 
frame, without 
permitting any 
rotative motion 
with shaft. They 
are suitable for 
the heaviest ser¬ 
vice. 

Dodge Ball and Socket Post Hangers . 

This hanger provides 
a true universal move¬ 
ment of the bearing in 
the frame and permits 
easy erection and align¬ 
ment. It is strong enough 
to not only afford a rigid 
sujpport for shaft but to 
minimize the constant vi¬ 
bration occasioned by rap¬ 
idly revolving shafting, 
heavy angular pull of 
belts and sudden shock 


Dodge Heavy 
Head Drop 
Hanger 

This hanger 
is of massive de¬ 
sign and com¬ 
bines strength, 
finish and mate¬ 
rials, adapting it 
to the most se¬ 
vere service. 
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ing up shafting—no 


Dodge BaU and Socket 
AdjustaUe PUlow 
Bki^ 

This pillow block 
offers the advantages 
of a ball and socket 
connection of the bear¬ 
ing in the frame and 
permits vertical ad¬ 
justment, which is 
very desirable in lin- 
plates required. 


Dodge Heavy Tsrpe Rigid Pillow Block 
A piUow block 
of exceptionally 
massive construc¬ 
tion made for un¬ 
usually severe ser¬ 
vice such as en¬ 
countered in stamp 
mills, etc., where 
heavy and violent¬ 
ly fluctuating loads 
are encountered 
and where extra¬ 
ordinarily heavy wheels are carried on the shafts. 

Dodge Rigid Pillow 
Block 

A pillow block of 
heavy substantial 
construction—large 
bearing areas re¬ 
duce friction—^posi¬ 
tive lubrication— 
oiling required but 
once every six 
months. 

Dodge Capillary Self-Oiling Bearing 

The infallible law of capillary attraction assures a con¬ 
stant, uniform and un¬ 
broken film of oil be¬ 
tween the revolving 
shaft and bearing lin¬ 
ing. Operation is auto¬ 
matic—no attention is 
required aside from 
draining off the old oil 
and refilling once in six 
months. 

Dodge Ring Oiling Bearings 

This bearing is of substantial construction and is posi¬ 
tive in operation. Liberal 
oil reservoir requires fill¬ 
ing but once every six 
months — large bearing 
areas reduce friction. The 
principle upon which this 
bearing is constructed has 
long been recognized as 
exceptionally efficient and 
satisfactory. 
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DODGE SALES & ENGINEERING CO. 


PULLEYS AND CLUTCHES. 




Dodge Wood Pulleys, Crusher Roll Type 

The crushmg roll type of Dodge Wood Split pul- 

ley is largely used 
on crushing rolls 
in concentrating 
plants where the 
service is such 
that metal pulleys 
cannot be used 
successfully. It is 
adapted for use in 
any place where a 
violently fluctuat¬ 
ing or constantly 
recurring shock 
load is encounter¬ 
ed. The important 
feature of this pul¬ 
ley is its resilience 
and consequent 
ability to absorb hammer blows and shock blows 
within its own structure. 

Dodge Cast Iron 
Pulleys—Solid 
and Split 

D(^ge iron pul¬ 
leys are machine 
moulded and can 
be furnished for 
single, double or j 
triple belt service. 

E^nsive equip¬ 
ment and long ex¬ 
perience assures 
satisfaction and 
prompt delivery. 

Oneida Steel Split PuUeys 

The Oneida Steel Split pulley combines lightness 

with great strength. 
The perfect oval crown 
affords greatest pos¬ 
sible belt grip or adhe¬ 
sion—reduces bearing 
friction. Metals are 
countersunk, which pre¬ 
vents shearing strain 
on rivets. Double arms 
are provided beginning 
with 8-inch face in the 
smaller sizes and 10 and 
12 inch face in the me¬ 
dium and larger sizes. 

The arms as well as the 
hubs are made in two — 

pieces. They are inter¬ 
woven into the flanges 
of the hub and securely 
riveted into place. In 
sizes over 16 inches 
having 5-inch face and 
wider the arms are at¬ 
tached to rim with a 
special flsh plate. This 
provides a broad solid 
bearing for the arms at 
the rim and gives dou¬ 
ble thickness at this 
connection besides per¬ 
mitting the use of more 
and larger rivets. These 
pulleys can be run safe- 

Oneida Main Drive Pulleys In 
It is pr^tacable to op- Diameters up to 14 Feet and 
erate a belt. Faces to 40 Inches 
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Dodge Split Friction Clutches 
DODGE SPLIT FRICTION 
CLUTCHES permit the economical 
individualization of machines, 
groups or departments. They are B 

built for all kinds of service, light ^ 
and heavy, or for low or high — 
speeds. The clutch is a separate 
and distinct mechanism in itself 
and not a part of the pulley, sheave 
or gear with which it is used. The 
construction is simple — adjust- 
ments can be quickly and conven- 
iently made and renewal parts can 
be promptly obtained from our 

branches and agencies. Hundreds of these clutches have 
paid for themselves in power savings during their first 
year of operation. 




j 


RATBD KOMB POWBM CAPAGXTXBB OF DODOB BPXCT 
OBUTCBB8 


€ 

♦J 


Revolutions pei 

r Minute 


Maximum 

Speeds 

o 

u 

o 

m 

c 

o 

9 

N 

o3 

100 

150 

200 

250 

300 

350 

400 

C. I. 
Sleeves 

Bab. 
Sleeves 
and Quills 

6 

p 

B 

a 

10 

H.P. 

6 

H.P. 

9 

H.P.I 

12 

H.P. 

15 

H.P. 

17 

H.P. 

19 

H.P. 

20 

250 

450 


12 

10 

15 

20 

25 

28 

81 

34 

250 

440 

3 

14 

15 

22 

30 

37 

47 

61 

51 

250 

430 


16 

20 

30 

40 

50 

67 

63 

68 

250 

420 

18 

25 

37 

50 

62 

71 

79 

85 

250 

410 

5 

20 

32 

48 

64 

80 

91 

100 

109 

250 

400 

6 

22 

40 

60 

80 

100 

114 

126 


250 

390 

6 

24 

50 

' 75 

100 

125 

142 

167 


250 

380 

6% 

28 

80 

1 120 

160 

200 

228 

1 252 



360 

7 

30 

98 

147 

196 

245 

280 

309 



350 


36 

128 

192 

256 

320 

365 




325 

8 

42 

174 

261 

1 348 

435 

495 




300 

10 

48 

242 

! 363 

484 

605 

• • • 




276 

10 

54 

340 

610 

680 

850 





250 

12 

60 

480 

I 720 

960 

... 

... 1 




225 

12 


Dodge Solid Friction Clutch 
This clutch is particular¬ 
ly adapted for countershaft 


use and other places where \ 
a solid clutch can be used to 
advantage and where power 
requirements are within the 

range of capacities offered in this type of construction. 

BAVBD OJlPAOXTXBB OP DOPOB 80UD PmXCVlOir 
CXiin'OHBB WBBB OPBmATXBO AT 8PBBP8 8KOWB 


Size of 
Clutch 



Revolutions 

per 

Minute 


B 

Maximum 

Bore 

100 

150 

200 

250 

300 

350 

400. 450 

500 

Maximu 

Speed 

Reg. Spec. 


H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. H.P. 

H.P. 



4" 

1% 

1% 

2% 


3^ 

4 

4% 6 

6% 

600 

1%« 

5" 

1 ^ 

3 

4 4 

5 

5% 

6^ 

7 8 

9 

580 

1%" 


3 

4 

6 

7 


9 

10 11 

12 

660 


1” 

4 

6 

8 

10 

11 

12 

13 15 

1 16 

640 

2 " 

8" 

5 

7 

10 

12 

14 

16 

17 18 

19 

520 

2%" 

9" 

6 

9 

12 

15 

17 

19 

20 22 

23 

500 

2%" 

10'' 

10 

15 

20 

25 

28 

31 

36 39 

40 

480 

3 " 

12" 

15 

22 

30 

37 

43 

47 

51 69 

• • • 

440 

3 " 4" 

14" 

80 

45 

60 

75 

85 

95 

102 ... 


400 

3"% 6" 

16" 

50 

76 

100 

125 

142 

167 

1701 .. . 


360 

6" 
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21i! *^*^*’® DRIVES. 


DODGE SALES & ENGINEERING CO. 


Dodj'e American System of Rope Drivini: 

This system of rope driving is firmly estab¬ 
lish sd in its status as a power transmission medium 
of liigh efficiency, great economy,, extreme flexibil¬ 
ity and universal adaptability. 

For engine drives and all the more important 
units of power distribution throughout a complete 
system of any magnitude, the rope drive is most 
satisfactory and efficient from every point of view. 



One of Two Rope Drives of 1500 H. P. Each 


Aiie use of belts is distinctly limited to service 
\x most ordinary character. The Dodge American 
system rope drive, however, is applicable not only 
to conditions of ordinary simplicity but also the 
requirements of the most diversified and compli¬ 
cated conditions. 

Simple drives may be run at any inclination 
from vertical to level without variation of general 
form. This system is especially adaptable to ver- 
tiail service. Direct delivery of power from one 
driving sheave to two or more driven wheels is 
readily arranged and is one of the valuable features 
of the American system. 

Large reserve capacity is provided for carrying 
overloads, continuously or for short periods. While 
overloading is never desirable it is frequently neces¬ 
sary. An old overstrained belt on a large drive is 
liable to break and allow the engine to race and 
wreck the flywheel. TTie rope drive works at a low 
percentage of its ultimate strength and will con¬ 
sequently handle loads much feeyond the conserva¬ 
tive rating. 

Sheave.rim widths for the American system are 
20 to 30 per cent, less than for the English system 
and 60 to 70 per cent, less than for belt pulleys of 
equivalent powers. The ability to arrange the rope 
drive in contracted space or to place it outside of a 
building is often a great advantage. 

Distances of 150 to 200 feet may be spanned 
without intermediate supports and by the use of 
carrier idlers, long driving distances may be 
accommodated without serious loss of power. 

Power may be transmitted in any direction. 
Horizontal, inclined or vertical reaches are accom¬ 
modated with equal ease. % 

Power may be transmitted at any angle—con¬ 
necting shafts may be parallel or not—at or near 
the same lead or at different elevations. It is also 
possible to transmit power over, under and around 
obstructions. 
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One driving sheave may be connected with two 
or more driven shafts by separate drives or by a 
subdivided drive of the drop-off type. Subdivis¬ 
ion of power distribution may be carried to any de¬ 
sired limits either when originally installed or at a 
later date. Alterations of distribution involve no 
change of main drives. 

Rope drives may be arranged either indoors or 
out. Exposure to weather does not affect their 
operation. Delivery of power from one building to 
another may be accomplished by drives entirely 
outside, the connecting sheaves being mounted on 
shafts extending through the outer walls. 

In addition to these advantages a Dodge rope 
drive will enable you to provide for future needs as 
well as present requirements. It is simply neces¬ 
sary to add additional ^ooves to the driving 
sheave. Power is transmitted without slippage— 
friction losses are reduced to a minimum, power 
distribution is steady and positive—first cost and 
maintenance low. 



Eight Rope Driven Generators Aggregating 6600 K.W. 


Our engineering department is qualified by long 
experience to offer recommendations for the eco¬ 
nomical and satisfactory solution of your power 
distribution problems. 

KOBSB POWSB OAPAOITIS8 OP BOBOB AMBBICAH 
8TSTB1C OP BOPB TBAB81C188IOB 


Horse Power of One Hope Based on an Arc of Contact of 180* 


Diam. 

Rope 

j Rope Speed in Feet per Minute 

500 

1000 

1500 

1 

2000 

2500 

300 ol 350 o ' 
1 1 

4000 

4500 

5000 

5500 


% 1 

1 

1 1.5 

1 3.0 

, 1 

4.5 

5.8 1 

1 7.11 

8.1 1 

1 

9.0 

1 9.7 

10.2 

10.4 

10.3 

% 

i 2.1 

1 4.1 

1 6.1 

8.0 

1 9.7 

11.3 

12.6 

1 13.7 

14.5 

16.1 

15.2 

1 

2.7 1 

5.4 

8.0 1 

10.5 1 

12.8 

14.9 1 

16.8 

1 18.4 

19.7 

20.6 

21.1 

1 % 

1 3.4 

1 6.8 

10.2 

13.3 

1 16.3 

19.1 1 

21.6 

23.8 

25.6 

27.0 

28.0 

IV4 

' 4.3 1 

8.5 

12.6 1 

16.5 1 

1 20.3 

23.8 1 

27.0 

29.8 

32.3 

34.3 

35.8 

1% 

5.2 1 

1 10.2 

15.2 

20.0 1 

1 24.6 

29.0 1 

33.0 

36.6 

39.7 

42.4 

44.6 


6.4 1 

1 12.2 

18.4 

23.9 1 

I 29.4 

34.6 1 

39.5 

43.9 

47.9 

51.3 

54.1 


8.3 

1 

16.6 

1 1 

24.7 

1 

32.7 

1 1 

40.3 

1 

47.6 

1 

54.5 

1 

60.8 

I 

66.7 

71.9 

76.4 
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THE MEDART COMPANY, 


TRANSMISSION MACHINERY, 


212 


THE MEDART COMPANY 

FORMERLY MEDART PATENT PULLEY CO., INC. 

Main Office and Works 

ST. LOUIS. MO.. U. S. A. 


Office and Warehouse, 

211 Vine St., Cincinnati, Ohio. 


Engineering Sales Offices, 
Chicago, m. Philadelphia, Pa. 


For 40 Years Manufacturing Engineers of 
Power Transmission Machinery 


Products 

Manufacturers of Turned and Polished Steel Shafting, 
Couplings, Collars, Hangers, Bearings, Bearing Supports, 
Friction Clutches, Belt Tighteners, Mule Stands, Steel Rim 
Pulleys, Cast Iron Pulleys, Wood Split Pulleys, Taper Cone 
Drums, Rope Sheaves and Complete Manila Rope Drives, 
Sprockets, Chain, Gearing of every description, etc. Catalog 
43 and discount sheet sent on request. 

Medart Bicycle Type Hoist¬ 
ing Sheaves 

The principal merit of 
the Medart Bicycle Type 
Hoisting Sheave is in its 
ability to absorb violently 
fluctuating shock loads. The 
steel - spoke - spider, semi - 
steel-rim-and-hub combina¬ 
tion construction gives a 
lighter weight sheave of 
greater strength than is 
possible to obtain in an 
ordinary cast-iron hoisting 
sheave. Shrinkage strains 
are eliminated in the “Me¬ 
dart” Sheaves; whereas in a 
plain cast-iron sheave the 
inherent, unavoidable 
shrinkage strains constitute 
an ever-present menace of 
breakage or failure when 
the sheaves are subjected to 
typical fluctuating mine- 
shaft loads. 

Medart Hoisting Sheaves 
are built and g^uaranteed to 
handle any load under any 
service conditions, in diam¬ 
eters up to 15 feet, in either 
solid or split construction. 

We can furnish Turned 
Steel Shafts (of our own 
manufacture) up to 6" di¬ 
ameter, or can supply Ham¬ 
mered Steel Shafts aoove 6" 
diameter, fitted to sheaves. 



Medart Bicycle Type 
Hoisting Sheave 



making sheaves ready to install; also we can furnish Heavy 
Bearings, Bearing Supports, etc. 

Medart Steel Rim Pulleys 

The steel plate rim gives to this pulley a much greater 
tensile strength than the solid cast-iron pulley; the cast- 
iron spider, free from shrinkage 
strain, is of stiff construction, while 
the combination of steel rim and cast 
spider, accurately assembled, yields a 
rigid, true-running and well-balanced 
pulley, combining minimum weight 
and maximum strength. Exactness in 
construction rests on grinding both 
spider lugs and rim face to finished 
sizes. The steel plate rim gives a 
I better face than it has been found pos- 

I sible to secure by grinding cast iron. 

The rim is rolled to a proper circle and 
riveted to the spider with pneumatic 
riveter. 

Medart Steel Rim Pulleys (made 
Solid, Split and Clamp Hub construc¬ 
tion) for any belt service and speed, in sizes ranging from 8 
inches to 16 feet diameter and 3 to 50 inches face width, 
combine minimum weight with maximum strength, being 


»il 


Medart Solid Steel 
Rim Pulley 


about 40 per cent, lighter than Cast Iron Pulleys for the 
same belt duty. They are warranted to meet our representa¬ 
tions; should they fail to do so, replacement or refund will 
be made. 



Medart "Hercule.s" Double Arm Solid Pulley 




'i. 


Medart “Hercules” All-Steel Heavy Duty Pulleys 

This type Pulley, of special design and construction for 
handling the very heaviest and most violently fluctuating or 
shock loads, is made to suit specific service conditions in all 
sizes, solid or split construction, up to 15 feet in diameter 
and any face width up to 50 inches. We sell these pulleys 
on a rigid money-back guarantee basis. We can name dozens 
of the most important corporations that have experienced 
wonderful satisfaction in the use of these pulleys. 

Medart Rope Drive Equipment— 

American or English Systems 
During our 40 years* experience as designers and builders 
of Power Transmission Equipment to fit every conceivable 

kind of Power 
service conditions 
we have made 
hundreds of r e c- 
omendations 
and built hun¬ 
dreds of complete 
Rope Driving 
Equipments for 
industries of 
widely diversified 
character. 

Practically ev¬ 
ery set of condi¬ 
tions favorable to 
the employment 
of an American 
System Rope 
Drive presents a 
problem peculiar 
to itself and re¬ 
quires careful 
handling by experienced engineers. Quotations and plans 
are made to meet the conditions of each installation. 



Medart 500 H. P. Main Engine Rope 
Drive Installation 
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214 COUPLINGS. 


SMITH & SERRELL. 


SMITH & SERRELL 


11 niVJnHnRsii\\itU 

^OJf DM£cr-c<MMecrso 


19 Halsey Street, NEWARK, N. J. 

General Sales Agents 
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In setting up centrifugal pumps, blowers, grind¬ 
ing machinery, etc., some error in shaft alignment 
is unavoidable. Further errors will result as opera¬ 
tion proceeds due to uneven settling of foundations, 
heat expansion, vibratory movements, unequal 
wear of bearings, etc. 


A typical motor-centrlfugral pump drive with heavy 
bed-plate—carefully lined up and operated. Yet for sat¬ 
isfactory operation—“Francke” connected. 


Francke Flexible Couplings protect the con¬ 
nected machines against excessive strains which 
would otherwise result from misalignment. 



On reversing motor driven hoists, ball mills and 
other heavy machinery Francke Flexible Coup¬ 
lings have been delivering complete satisfaction 
for many years. 

The Francke not only takes care of the unavoid¬ 
able errors in lining up and provides for the errors 
sure to come with operation—it cushions shocks 
and vibrations. It also protects the connected ma¬ 
chines from destructive strains which would other¬ 
wise result from excessive misalignment as caused 
by abuse or by an operating accident. 

More than 3,000,000 H.P., over 28,000 installa¬ 
tions in ten years, a very large proportion on the 
repeat orders of satisfied customers—that is the 
operating record of the Francke. 




As each flex¬ 
ible pin unit Is 
extensible, can 
pivot or rock on 
the cross pins, 
and the bundles 
of springs can 
bend between 
supports, so the 
coupling when 
assembled 
is flexible in all 
directions. 





ruacM flexibly oomiected by Umlaatefl stoal pin nnlta. 


largest shaft. It should have a rating in excess of 
the greatest overload capacity of the driver for 
smooth load conditions. For a pulsating load the 
coupling rating should be at least twice the maxi¬ 
mum momentary capacity of the driver. 

In addition to the partial list of regular sizes 
given below we can quickly furnish other sizes. 
(The Double, Floating Ring Type pSi^ncke is 
recommended when excessive misalignment is ex¬ 
pected.) 


Size No. 

Max. 

H.P. per 

Flange 

— 

Length 

List 


Bore 

100 R.P.M. 

Dla. 

Overall 

Price 

325 

% 

% 

3% 

8% 

$ 9.00 

376 

1H 

% 

3 % 

4 

1 

12.00 

425 

476 

1% 

1% 

1 ? 

Xi 

16.50 

20.50 

550 

2 

3 

5 % 

6 


27.00 

650 

2% 

5 

6% 

6% 

37.00 

750 

3 

6 


7 


47.00 

876 

3% 

13% 

8% 

3 ^ 


60.00 

8% 

3 

I 28 

8 % 

75 


74.00 

9% 

3% 

1 45 

9% 

3^ 


1 86.00 

10 

3^ 

66 

10 

89 


95.00 

12 

4% 

91 

12 

9^ 


180.00 

15 

6 1 

1 145 

1 15 

11^ 


180.00 

18 

7% 

210 

18 

13'^ 


260.00 

22 

10 

300 

22 

16T( 

► 

360.00 

23 

10% 

500 

23 

17 


440.00 

24 

8 

750 

24 

18^ 


490.00 

27 

10 

1000 

27 

22Vi 


580.00 


On all inquiries and orders for Francke Flexible 
Couplings the following essential data should be 
supplied: 

1. Number Required. 

2. Horsepower (Normal and Maximum.) 

3. Revolutions per minute. 

4. Diameter of both bores. 

5. Size of both keyways. 

6. Kinds of Machines Connected (both driver and driven.) 


Size Selection 

Correct size selection is important to obtain the 
best coupling and machine performance. The cor¬ 
rect size is determined by normal and maximum 
peak H.P., R.P.M., both shaft sizes and the kinds 
of machines connected (both driver and the ulti¬ 
mate driven machines). 

The coupling must be large enough for the 


Pintite Rigid Couplings for Line Shafts 

A simple sleeve coupling with a positive grip. 
They are made in all standard line shaft sizes and 
in reduction patterns. 

Catalogs 

Separate bulletins describing various tsrpes of 
couplings, each for a specific purpose, will be sent 
on request. 
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THE FALK CORPORATION 


MILWAUKEE, WISCONSIN 


Agents and Branch Offices 

PITTSBURGH PENNSYLVANIA COAL FIELDS 

W. O. Beyer, 1007 Park Bldg., Pittsburgh, Pa. Vulcan Iron Works, Wilkes-Barre, Pa. 

NEW YORK AND NEW ENGLAND COLORADO DISTRICT 

M. P. Fillingham, 50 Church St„ New York City Denver Engineering Works Co., Denver, Colo. 

WEST COAST FOREIGN REPRESENTATIVE 

F. W. Grimwood, Rialto Bldg., San Francisco, Cal. Gustav Melms, 3 Rue Taitbout, Paris 

Canadian Representative: Engineering Equipment Company, Ltd., 619-623 New Birks Bldg., Montreal, Canada 
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Partial List of Falk's Gear Products mine hoists, pumps, compressors, tube mills 

Turbine Reduction Gears for Power House. and other mining plant equipment. They per- 

Herringbone Gears for Hoisting and Mining mit of simplified design combined with re- 
- duced power con¬ 
sumption, complete 
absence of shock and 
vibration and elimi¬ 
nation of noise. 

The stepped-tooth 
design, in addition to 
the theoretical ad- 
iiantages of the Her¬ 
ringbone principle, 
insures equalized 
wear of gear teeth 
— a. factor which 
makes for a longer 
life of efficiency. 

Falk Herringbone 
Gears permit the so¬ 
lution of virtuaUy 
every gear problem 
with a single gear 
and pinion where 
double and triple 
trains were former¬ 
ly necessary. 

Geais from 2 

ouxo. inches in diameter 

Acid Open He&rth indispensable Equipment in the Electrification of Mine Hoists and Pumps (;q ^6 fect—ilich 


steel Castings from 1 to 100,000 pounds. 
Falk Herringbone Gears 


to 6 foot face—ratio as high as 20 to 1. 

Our engineering department will help you solve 


Falk Herringbone Gears, accurately bobbed yo«r gearing problems. Write for further details. 


from solid blanks, meet all requirements of the 
most exacting engineers for use in connection with 


Falk Herringbone Gears for Economy of Space and 
Power for All Classes of Mine Equipment 


Single Reduction Gear Unit—50 H. P. to 6,000 H. P. at 100 
R.P.M. of Low Speed Shaft. Double Reduction Units from 
H H. P. to 6 H. P. at 1 R.P.M. of Low Speed Shaft. Ratio 
from 50 to 1 to 100 to 1. 

MINING CATALOG 


SECTION IV. 


High Ratio Mine Hoist Gear with pads on 
arms for bolting to drum. 
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FAWCUS MACHINE COMPANY. 


Products 

Fawcus Herringbone Gears 
Fawcus Herringbone Gear Reduc¬ 
tions 

Fawcus Herringbone Turbine 
Transmissions 
Fawcus Flexible Couplings 
Rolling Mills; Special Machinery; Spurs; Bevels; 
Worms; Worm Wheels and Worm Gear Reductions. 

Services 

Our Engineers at all times will gladly advise, 
recommend and furnish estimates on your gear and 
machinery requirements. 




used in numerous mines, is a great im¬ 
provement over the belt drive and is 
considerably cheaper than a slow speed 
motor. It is more efficient, giving bet¬ 
ter and longer service than any other 
form of reduction. Fawcus couplings 
for connecting the fan eliminate and absorb the 
vibration in the fan, thus protecting the gear drive 
and motor. 


A triplex mine pump driven by a single reduc¬ 
tion set of Fawcus Herringbone Gears, which im¬ 
part uniform motion to the crank shaft of the 
pump, eliminate vibration, noise and backlash, with 
increased efficiency and longer wearing service in 
the pump and gears. 


FAWCUS MACHINE COMPANY 


2820 Smallman Street, PITTSBURGH, PENNA. 


Co-Manufacturers — BRANTFORD, ONT., CANADA, Dominion Steel Products Co. 

SAprM#lltatiTS9 

BIRMINGHAM. ALA., G. R. Mueller Co. NEW YORK, N. Y., Robert C. Brown, 84 Pine Street 

BOSTON- MASS., Catlin-Calder Co. PORTLAND, ORE., Coast Steel Machinery Co. 

CHICAGO, ILL., Hodgart & Co. SAN FRANCISCO, CALF., K. W. Eichelberger 

MILWAUKEE, WIS., L. E. Meidinger WILKES-BARRE, PA., Mining Equipment & Supply Co. 

Manufacturers of 


SECTION IV. 
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Cut Gears and Special Machinery 


A Mine Fan 21 feet diameter requiring 50 H. P. 
at 68 R. P. M. coupled up through Fawcus Flexible 
Coupling to a Fawcus Herringbone Gear Drive. 
This method of application of electric drives to 
existing steam driven fans has been successfully 


Fawcus Double Reduction Drive used for gold 
ore elevators, transmitting 20 H. P. at 900 to 8.25 
R. P. M. about 109 to 1 ratio. This reduction is 
accomplished with overall efficiency of 97%. In 
these small drives roller bearings are used on the 
pinion shafts. 


A mine slope hoist coupled up to 600 H. P. Faw¬ 
cus Herringbone Gear Reduction. The drive is 
used to electrify a former steam driven hoist. The 
motor is connected to the Herringbone Pinion of 
the reduction unit by a Fawcus Flexible Coupling 
and the gear shaft coupled by a solid flange 
coupling to the spur pinion shaft which was the 
crank shaft of the engine. 




Digitized by i^ooQie 








NILES-BEMENT-POND COMPANY._GEARS. 217 


NILES-BEMENT-POND COMPANY 

General Offices: 111 Broadway, NEW YORK, N* Y* 


Branch Offices 


BOSTON 

ROCHESTER 

PITTSBURGH 

CLEVELAND 

DETROIT 

ST. PAUL 


PHILADELPHIA 

BIRMINGHAM 

CINCINNATI 

CHICAGO 

ST. LOUIS 

SAN FRANCISCO 


LOS ANGELES 


CEARS 


Works 

Pond Works.Plainfield, N. J. 

Bement Works.Philadelphia, Pa. 

Niles Works.Hamilton, O. 

Pratt & Whitney Works.. Hartford, Conn. 

Rldgrway Works.Rldgway, Pa. 

Crane Works.Philadelphia, Pa. 


Gears That Are Strongest at the Tooth Base Where Strength Is Needed 

Products - 

Maag Cut Herrinbone Gears. Maag Cut Spur Gears. Maag Cut Spiral Gears. 

Maag Cut Helical Gears. 


We also manufacture Machine Tools, Electric Traveling Cranes, Steam Hammers, Small Tools and Gages. 





MAAG 


GEAR 


_JL_ 


Greater Strength of Maag Tooth Form 

All Maag Gears are cut with a tooth that is 
widest at the base. They are consequently strong¬ 
est at the point 
where the strain 
is greatest and 
where the ordi¬ 
nary pinion is 
undercut and 
usually fails. 
Compare the 
tooth diagrams 
at the left, both 
taken from 12- 
tooth pinions, 

one cut by the ordinary meth¬ 
od, the other produced by the 
M^g system of gear cutting. 

The shaded area which rep¬ 
resents the extra metal in the 
Maag tooth, considerably in¬ 
creases its strength and simi¬ 
larly increases its margin of 
safety against sudden shocks 
and blows. Note that the Maag 
tooth is shorter, too. This does 
not reduce the working face, 
but merely decreases the break¬ 
ing leverage on the base 
section. 


Longer Active Profile Means Longer Life 

In. Fig. 2 is shown graphically why Maag Gears 
are bound to outwear, to outlast and to run quieter 


Extra wondngsurfKe 


AtAAe 

tOCAR 


Some Types of Maag: Gears 


Fig. 2 

than ordinary gears. The difference in the amount 
of tooth face that actually does work—indicated by 
the solid section—is the reason for this. 

Note that in the ordinary gear the wear is con¬ 
centrated on a short portion of 
the face; grooves and ridges 
tend to form here and the wear 
is rapid and uneven. In con¬ 
trast, the long, active profile of 
the Maag Gear distributes the 
wear evenly over practically 
the whole tooth face. 

Wear is slow and uniform, 
the true tooth outlines are 
preserved and the original 
quietness of operation main¬ 
tained throughout the life of 
the gear. 


Large Gear Ratios Permit Compact 
Drives 

Because we are able to cut Maag pin¬ 
ions with as few as eight teeth if neces¬ 
sary, without undercutting and without 
sacrificing strength or quietness, Maag 
Gears are specially suitable for mining 
machinery and installations where com¬ 
pactness of design is a prime essential. 


Quiet and Smooth Running 

The Maag gear tooth is so designed 
that the ratio of rolling to sliding con¬ 
tact is nearly three times greater than 
in the ordinary gear tooth. This results 
in proportionate reduction in noise and 
wear and a corresponding increase in 
life. 


The Story of These Remarkable New Gears is Told in Catalogue No. 265. It is Worth a Careful Reading. 


MININO CATAIX>0 


SECTION IV. 


Digitized by VjOOQIC 










2Jg GEARS. 


R. D. NUTTALL CO. 


R. D. NUTTALL COMPANY 

PHILADELPHIA OFFICE Di'TTCUiTDr'u oa CHICAGO OFFICE 

420 Land Title Building rl 1 1 aoUKVjrl, rA. 2133 Conway Building 

All Westinghouse Electric & Mfg. Co. District Offices are Sales Representatives in the 
United States for Nuttall Electric Railway and Mine Haulage Products 

Manufacturers of 

GearSt Flexible Couplings and Trolleys 


Products 

Locomotive Gears—High grade cut-tooth gears 
for all makes and types of locomotives. Furnished 
either in spur type or helical type—treated or 
untreated. 

Mine and MUl Machinery Gears and Reduction 
Gear Units—High grade cut-tooth gears and pin¬ 
ions for hoists, pumps, fans, compressors, convey¬ 
ors, crushers, grinders, cranes, ball mills, tube mills, 
etc. Furnished in spur tirpes or in helical types— 
treated or untreated. The illustration at the bot¬ 
tom shows a typical installation of Nuttall Reduc¬ 
tion Gear Units. These Units can be furnished 
equipped with Nuttall Helical or Herringbone 
Gears. 

Flexible Couplings--Furnished in three distinct 
types. A, B, and C, suitable for any condition and 
for any required- horse jwwer between 10 and 6000. 

Trolley Equipment—Standard trolley equipment 
for any make of locomotive, including trolley poles, 
pole heads and harps, and trolley wheels. 

Helical Gearing—An important step toward 
lowering maintenance costs is the utilization of 
helical gearing wherever possible. 

In this type of gearing the tooth comes into con¬ 
tact with its mate at the one side of the face, picking 



Nuttall Helical Reduction Gear Unit 


up the load gradually as the contact crawls across 
the face. In this manner, the impact resulting 
from a tooth suddenly taking up its load across the 
entire face, as in the case of the spur gear, is en¬ 
tirely eliminated. 

The easing of a tooth into action and out of 
action, in this manner, reduces or entirely elimin¬ 
ates impact. The result is quiet and smooth load 
transmission. 

Nuttall Helical Gearing is particularly suitable 
for hoists, pumps, fans, locomotives, compres¬ 
sors, etc. 



Forged Steel Solid Locomotive Gear 


Heat Treated Gears 

Forged Steel Gears in their natural state are too 
soft and coarse grained in structure to render the 
degree of service and economy demanded in mine 
operations. 

In the Nuttall BP process of heat treating gears, 
the product, the chief constituents of which are car¬ 
bon and iron, is so treated as to give both tough¬ 
ness and hardness. 

The hardness of the teeth grades off slightly 
toward the center, producing a resistance to shocl^ 
and wear unequalled in any other carbon steel 
gears. 

Nuttall BP Gears are guaranteed to give four 
times the life of untreated gears in identical 
service. 


SECTION IV. 


MINING CATALOG 


Digitized by 


Google 




THE TOOL STEEL GEAR & PINION CO. 


GEARS. 219 


THE TOOL STEEL GEAR & PINION CO. 

CINCINNATI. OHIO 


Huntington Supply & Equipment Co., Huntington, W. Va. 
J. P. Biggert, Room 1310 Park Bldg., Pittsburgh, Pa. 

J. T. Sudduth, Jr., Brown-Marx Bldg., Birmingham, Ala. 


National Railway Appliance Co., 50 East 42nd St., New York. 
Walter H. Evans, McCormick Bldg., Chicago, Ill. 

Ambler & Riter, Kearns Bldg., Salt Lake City, Utah. 


Products 

“Tool Steel” Gears and Pinions for 

Mine Electric Locomotives. 

Mining Machines. 

Cranes and Hoists. 

Conveyors, Crushers and Pulverizers. 

All heavy duty gearing. 

“Tool Steel” Crane Track Wheels and Con¬ 
veyor Wheels. 

“Tool Steel” Tooth Crusher Jaws and Segments. 



Typical Mining Parts 


“Tool Steel” Herringbone and Helical Gear 
Drives. 


The “Tool Steel’’ 
wearing face takes on a 
brilliant polish and 
virtually eliminates 
friction. 

The toughened center 
vrithstands all shocks 
and strains in 
severe service. 


Tool Steel Face/ 

as hard here-v as or\ the 
very surface/(This is one 
of the> dreajt 

diffnrncf oetween 

tool and case 

hardenir^^p^yjl^^ method^ 



Toughened Center 


Increased Life of “Tool Steel” Gears 

In repeated tests in the electric railway and 
mining industries, “Tool Steel” gears have given a 
life from five to eight times as great as that aver¬ 
aged fr6m ordinary untreated steel, from three to 
six times as great as that of oil treated steel and 
from two to four times as great as case hardened 
material. 


Guarantee 

“Tool Steel” Gears and Pinions are positively 
guaranteed to dutlast other grades in a ratio of 

5 to 1 compared with untreated steel. 

2 to 1 compared with Manganese steel. 

2^2 to 1 compared with mold hardened steel. 



Split and Solid Locomotive Gears and Pinions 



Mill Gearing, Gudgeons and Wearing Parts 


O 01 •! 

Coupling Herringbone Crane Wheels 

Boxes Mill Gears 



Bevel Gears 



Siuir and Herringbone Mill Gears 


MINING CATALOG 
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CLEVELAND WORM & GEAR CO. 

CLEVELAND, OHIO 

Clev^aiMl 

WOR.M GEAR 

REDVCTION VNX*rS 


Cleveland Worm Gear Reduction Units 

Feature certain distinct and important advan¬ 
tages such as: 

High efficiency; 

Even torque, eliminating tendency to show effects of 
gear teeth in product; 

Actual improvement in service based on the fact that 
while other gears wear out the worm gear wears in; 

Greater compactness in lining up to other machinery 
due to right angle drive; 

Enclosed dustproof housing; 

Lower maintenance cost as result of design, construe- 
tion, and perfect lubrication; 

Less attention required—simply supply with oil and 
no other attention necessary; 

Greatest silence—excels any other type of reduction 
tmit in this respect—an advantage that grows on you; 

Permits standardization of motor speeds; 

Simplicity—Only two moving parts, the worm and the 
gear (exclusive of bearings). 


They will be found to give satisfactory service 
in connection with the following machinery: 


Mines—Certain styles of 
Heavy Duty Pumps; Heavy 
Doors for Ventilation Duty. 

Mills—E levator and 
Conveyor Head-shafts; Agi¬ 
tators; Drag Conveyors; 
Mechanical Filters; Ore 
Feeders. 

Cement & Lime Plants— 
Screw Conveyors; Cement 
and Lime Kilns (rotary); 
Elevators; Tramways and 
Cableways. 

Power Plant—Mechani¬ 
cal Stokers; Ash Conveyors 
and Elevators. 


Smelters & Refineries— 
Sintering Machines of the 
endless belt type; Mechan¬ 
ism for tilting furnaces and 
converters; Elevating Ma¬ 
chinery for heavy material; 
Tilting Furnaces; Mechani¬ 
cal Roasting Furnaces; No- 
dulizing Kilns. 

Miscellaneous — Pumps; 
Concentrating Tables; Con¬ 
veyors—Pan, Belt, Bucket, 
Spiral; Dorr Thickeners; 
Dryers ; Kilns; Coolers; 
Fans; Agitators. 



Cleveland Worm Gear Reduction Units are made 
in sizes for use with motors from 1 to 400 H. P. and 
handle abnormal gear ratios with ease. 

Our Engineering Department will gladly co¬ 
operate with yours. 

Write for latest bulletin giving full infmmiation. 



Cleveland Worm Gear Reduction Unit applied to 
Belt Conveyor. Motor 75 H. P. 480 R. P. M. Ratio 
in worm drive 16-1. 



Cleveland Worm Gear Reduction Unit applied to 
Bucket Elevator. Motor 10 H. P. 725 R. P. M. Ratio 
In worm drive 17^-1. 


Cleveland Worm Gear Reduction Unit applied to 
Forced Draft Fan and Stroker Drive. Turbine 125 
H. P. at 3200 R. P. M. Reduction in worm drive 10%-1. 


“AMERICA’S WORM GEAR SPECIALISTS” 
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THE FALK CORPORATION 

MILWAUKEE, WISCONSIN 


Agents and Branch Offices 

PITTSBURGH PENNSYLVANIA COAL FIELDS 

W. O. Beyer, 1007 Park Bldg., Pittsburgh, Pa. Vulcan Iron Works, Wilkes-Barre. Pa. 

NEW YORK AND NEW ENGLAND COLORADO DISTRICT 

M. P. Fillingham, 50 Church St,, New York City Denver Engineering Works Co., Denver, Colo. 

WEST COAST FOREIGN REPRESENTATIVE 

F. W. Orimwood. Rialto Bldg., San Francisco, Cal. Gustav Melms, 3 Rue Taitbout, Paris 

Canadian Representative: Engineering Equipment Company, Ltd., 619-623 New Birks Bldg., Montreal, Canada 


Falk Herringbone Gears for Economy of Space and 
Power for All Classes of Mine Equipment 


Partial List of Falk’s Gear Products 

Turbine Reduction Gears for Power House. 

Herringbone Gears for Hoisting and Mining 
Machinery. 

Herringbone Gears for Coal and Ore Machinery. 

Herringbone Gears for Steel Works Equipment. 

Standard Enclosed Reduction Gears—Single 
Reduction, Double Reduction, Two Speed Reduc¬ 
tion. 

Turbine Reduction Gear Units—Single Reduc¬ 
tion for Compound Turbine Drive; Double Reducr 
tion for Compound Turbine Drive. 

Acid Open Hearth Steel Castings for all pur¬ 
poses from 1 to 100,000 pounds. 


Falk Herringbone Gears 

Falk Herringbone Gears are accurately bobbed 
from solid blanks. They retain, in practical opera¬ 
tion, all the theoretical advantages of the herring¬ 
bone principle, and in addition the stepped tooth 
design insures equalized wear of the gear teeth—a 
very important factor. 

Falk Herringbone Gears permit the solution of 
virtually every gear problem with a single gear 



Single Reduction Gear Unit—60 H. P. to 6000 H. P. at 
100 R.P.M. of Low Speed Shaft. 


and pinion, where single and triple trains were for¬ 
merly necessary. 

Gears from 2 inches to 16 feet in diameter, 
from ll^ inches to 6 foot face, ratio as high as 
20 to 1. 

Let our engineering department assist you in 
solving your power transmission problems. 



Group of Double Reduction Gears 


MINING CATALO.; 
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FOOTE BROS. GEAR & MACHINE CO. 

213-223 No. Curtis Street. CHICAGO. ILLINOIS. U. S. A. 

IXL Gears of All Kinds for All Purposes; Speed Transformers 


Products 

Gears and Pinions—Mitre, Bevel and Spur; Gears—Noiseless, Rawhide, Herringbone; Sprockets; Flexible Couplings; 
Speed Transformers; Tractor Transmissions; Racks; Special Machinery To Order. 






Foote IXL Speed 
Reducers 

The use of Foote 
IXL Spur Gear and 
Worm Gear Speed Re¬ 
ducers is the ideal 
method of reducing 
the speed of motors 
running elevator legs, 
belt, bucket and screw 
conveyors of all types, 
grinders, mixers, agi¬ 
tators, hoists, etc.— 
wherever a reduction 
of 3 to 1 to 500 to 1 
is required. 

With it, high speed 
motors can be used 

where low speed The above illustration 

motors arA ordinarilv shows a costly and space- 
moiors are oramaniy v^^sting method of reducing- 

required, installation speed of motor running bucket 
cost is low. Main- conveyor. A low speed motor 

tcnancp is nracticallv used in connection with 
lenance is pracucauy shafting pulleys and four 

nothing. They require open gears to accomplish the 
practically no atten- necessary reduction. This open 

tion and e-ive lone* equipment quickly wears out 
tion ana give long, expensive for initial in¬ 

dependable service. Stallation as well as up-keep. 

They deliver more of See method illustrated at 
the motor power than right. 

other types of drives. They are trouble-proof and safe- 

IX£ Spar Gear Reducer 

Case — Cast iron, 
dust-proof, oil tight, 
removable covers. 

Bearing s— 
Phosphor bronze, 
bushed through¬ 
out; designed for 
heavy duty and 
long life. 

IM n i o n s — Alloy 
steel, heat treated and 
hardened, giving great 
tensile strength. IXL 
Flexible Coupling can 
be furni.shed to com¬ 
pensate any reasonable 


guard your workers. 


IXL—Showing All Spur Gear 
struction (Non-Planetary) 


error in alignment of motor and transformer shafts. 

Design—The IXL Transformer is constructed along lines 
of a motor. Cast iron base furnished according to your blue 
prints at additional cost. 

Quality—Designed and built to give perfect satisfaction. 

Prices—On application. Send for full information. 

I'XXa Worm Gear Reducer 

Cast—Cast iron, sand blasted inside and 
coated with oil-proof preparation, oil-tight 
and dust-proof. 

Worm — Made 
of steel. 

Worm Gear^— 

Made of bronze or 
semi-steel. 

Worm Shaft— 

Properly babbitted 
so worm and gear 
run freely. 

Oil System — 

Ample space for 
properly oiling 
high speed worm 
shaft. 

Bearings — 

Large, providing 
for long life. 

Hyatt Roller Radial Bearings furnished at extra cost. 


IXL—Showing Enclosed Worm Gear 


Foote IXL Cut Gears. 
Heavy Duty Harden¬ 
ed Gears. 

We manufacture 
every type of heavy 
duty hardened gear 
for all purposes. 
Treated by special 
heat treatment pro¬ 
cess, which gives 
them four times the 
actual strength of 
cast iron gears of 
equal size. Wearing 
qualities are 25 to 1 
in comparison to soft 
steel and iron gears. 

Miter and Bevel Gears 
IXL Miter, Angle 
and Bevel Gears are 
cut with the finest ac¬ 
curacy, thus insuring 
smoothness and quiet 
running. 

Worm Gears 

We can furnish 
Worm Gear Drives of 
any style and mate¬ 
rial desired. Our En¬ 
gineering Department will assist you in the solution of your 
transmission problems. 

Spiral Gears 

IXL Spiral Gears can be sup¬ 
plied in any size for any purpose 
—made of materials to suit your 
special requirements. 

Spur Gears 

Cut Spur Gears, all sizes up 
to 144 inches in diameter. Made 
from high grade steel forgings, 
castings, or the very best grade 
of cast iron. 

Internal Gears 

IXL Internal Gears of every 
description, either plate back or 
plain rings. All pitches up to 
4-diameter pitch are generated on 
Fellows Gear Shaper; 3-diameter pitch and coarser, have 
planed teeth of great strength. Especially adapted for 
hoisting, mining and rolling mill machinery. 

Rawhide, Bakelite and Cloth Pinions 

For high speed drive in connection with metal gears, IXL 
Bakelite or rawhide noiseless pinions insure maximum effi¬ 
ciency, elasticity and durability. Gears and Pinions are 
made up with brass flanges, reaching to top of teeth, se¬ 
curely riveted and bolted together, giving protection, sup¬ 
port and long life. Bakelite Pinions are made of cloth or 
cotton fabric, compressed under hydraulic pressure. 

Sprockets 

Block, Roller, silent or any other style of chain sprockets, 
supplied in any material and any quantity for all purposes. 


The illustration below 
shows the most modern and 
efficient method of reducing 
electric motor speed. A high 
si)eed motor is used, as high 
speed motors cost less than 
low speed motors. The motor 
is direct connected to a Foote 
Spur Gear Speed Reducer, 
which gives the necessary re¬ 
duction of speed. Note that the 
Speed Reducer is compact and 
all gears run in oil. It delivers 
more power, has long life, costs 
practically nothing for main¬ 
tenance. It saves money. 


Look-in Doors—Providing for easy inspection of gear and 
worm. Worm and shaft and upper cover easily removable. 
Workmanship guaranteed. 

Prices—On application. Send for full information. 



IXL Flexible Coupling 

Where shafts are run at a slight 
angle to each other or where they 
are slightly off center, these coup¬ 
lings will prevent hot boxes and 
strains to shafts and bearings. 
Made in dimensions to replace any 
standard coupling. Will give long 
dependable service. 


Racks 

We can furnish IXL machine racks in almost any size 
blank and pitch and in continuous section of any length that 
can be conveniently shipped. 

Literature 

Send for catalogs on speed transformers, gear data book, 
special information, prices, etc. 

Engineering Service 

Our Engineers will be pleased to assist you in any prob¬ 
lems relative to gears, speed transformers, tractor trans¬ 
missions or special machinery. Submit your blue prints. 
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WILLIAM GANSCHOW COMPANY 

1001 West Washington Boulevard, CHICAGO, ILL. 

Telephone: Monroe 4561 



Manufacturers of Cut Gears 


Products 

Ganschow A.B.C. Spur Gear and Worm Gear 
Speed Reducers, Direct, Right Angle and Vertical, 
Tractor and Automobile Gears; Spur, Bevel, Mitre 
and Spiral Gears; Hardened Gears. 

Also manufacturrs of Rawhide and Bakelite 
Noiseless Pinions. 


Ganschow Speed Reducers are simple; they con¬ 
tain no unnecessary parts which would tend to add 
to their initial expense or operation. 


They are compact; the design is such that the 
few moving parts require but little space to work in. 

They are strong; planetary overhand is well 
balanced, and supported by a newly patented de¬ 
vice. Strength is brought about by a well-ribbed 
body, gears of hardened nickel steel, and studs and 
shahs also made of nickel steel ground to size. 

They are economical; connect them direct with 
high speed motors, and they will run on and on, 
demanding no attention other than an occasional 
supply of oil, which is uniformly distributed 
throughout the gearing by the splash system. 

Ganschow Speed Reducers are dust-proof and 
fool-proof. 

They are made for reductions from 4-to-l up to 
250-to-l. 

Literature 

Send for complete data and information on 
Ganschow A.B.C. and Compound Spur Gear Speed 
Reducers. 

Engineering Service 

Our engineers will work out your speed reducing 
problems and recommend the very best drive for 
the particular purpose you may have in view by 
giving us the following information: 

Horse power, speed of motor and ratio wanted, 
or speed of driven shaft. 

Class of work the Transformer will be used for. 

Continuous or intermittent service. 

Load—uniform, apex, or subject to shock. 

All of our Transformers are for direct connec¬ 
tions with Flexible or Universal Couplings; if re¬ 
quired otherwise, we must be in¬ 
formed, so that we can provide extra 
length of shafts for outboard bear¬ 
ings. 

Worm Gears 

In any style or material desired. 

The best combination of materials is 
used to suit the requirements of each 
case. 



\Vj:”u Clear 



Ganschow A.B.C. Spur Speed Reducers 

In Ganschow Speed Reducers, every principle of 
construction which makes for better work, at less 
maintenance expense, has been incorporated. 


Ganschow Spur uear Speed Reducer 



Ganschow Speed Reducers with Motor Attached 
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The Poole Engineering & Machine Co. 

WOODBERRY, BALTIMORE, MD. 

Manufacturers of 

Gears and Power Transmission Machinery 

Since 1843 


The TURBO-GEAR is patented, self-contained, 
mechanical power transmission interposed between 
and coupled directly to the prime mover and the 
driven unit for the purpose of stepping up or step¬ 
ping down speeds. 


Engine D^ive 

In the case of steam, gas or oil engines, it is 
sometimes necessary to have higher speeds to se¬ 
cure the best efficiency for the driven unit. The 
TURBO-GEAR is equally efficient in this case. 


Application 

Speed, efficiency and safety are the watch-words 
of the day. The Internal Herringbone TURBO¬ 
GEAR meets all these requirements. It can be 
successfully employed for all kinds of gear drives, 
replacing the noisy, inefficient and highly danger¬ 
ous methods of transmitting power through belts, 
ropes and chains. 


TURBO-GEARS are used with: 

Compressors; Oil Engines; 

Fans; Pumps; 

Gas Engines; Steam Engines; 

Line Shaft Drives; Steam Turbines; 

Mechanical Stokers; Motor Drives. 



I.Iom’ocT ; 


Motor Drive 

The combination of a high speed motor drive 
with a high-ratio TURBO-GEAR gives a higher 
overall efficiency and lower power cost than can be 
obtained by any other form of transmission 
whether direct or indirect. 

Turbine Drive 

Steam Turbines to be economical must run at 
high speeds. Many machines, such as centrifugal 
pumps, fans, generators, etc., which would lend 
themselves admirably to this type of prime mover, 
require much lower speeds than that of the turbine 
for their best efficiency. The TURBO-GEAR cor¬ 
rectly solves the problem of permitting each unit 
to run at its most efficient speed. 


Gear Members 

The TURBO-GEAR consists of a large, internal, 
double-helical gear, made of a special analysis, heat- 
treated steel for^ng, a double-helical pinion, cut in¬ 
tegral with the high-speed shaft and made of heat- 
treated chrome-vanadium steel, and intermediate 
gears made of high carbon steel forgings. 

The intermediate gears are mounted on hard¬ 
ened and ground forged steel shafts with large 
bronze bearings and secured to the cast steel slow- 
speed member. On this slow-speed member, which 
is a part of the slow-speed shaft, are mounted two 
heavy-duty ball bearings, one on each side of the 
gears, and supported directly by the substantial 
housing. Thus it will be seen that the slow-speed 
member and shaft carrying the intermediate gears, 
and the high-speed shaft and pinion are independ¬ 
ent of one another for support and yet each is sup¬ 
ported directly by the housing. The internal gear 
is stationary, the moving members are the pinion 
and the intermediate (planetary) gears. 

Housing 

The housing is made of tough grey cast iron 
horizontally split, in accordance with the most ap¬ 
proved practice, affording perfect accessibility to 
all parts. It is extremely substantial and well 
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ribbed to afford a rigid support for the gear mem¬ 
bers, which is essential to efficient and quiet opera- 
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tion. The high and low-speed bearings are provided 
with special sealing boxes, positively protecting 
.them from the intrusion of grit and dust. 

Range of Speed Reduction 

The large ratios possible with the TURBO¬ 
GEAR permit a greater speed reduction than on 
any other type of single reduction gear. The ratios 
obtainable ^dth standard TURBO-GEARS range 
between 3:1 and 15:1. 

EflBciency 

The efficiency of the TURBO-GEAR is shown 
by accurate tests to be 98 to 99 per cent. 

Safety 

The totally enclosed feature combined with the 
total absence of pulleys, belts, chains, sprockets and 
exposed gears, makes it impossible for the workman 
to get his fingers or clothing caught in any part of 
the TURBO-GEAR. 

Capacity 

The TURBO-GEAR can be furnished for any 
capacity up to 1500 H. P., depending on the speed 
and ratio of reduction required. 

Reversibility 

The TURBO-GEAR will drive in either direc¬ 
tion of rotation without making any changes in it 
whatever. It will also step up or step down the 
speed. The high and low-speed shafts rotate in 
the same direction. 

Lubrication 

The high-speed shaft has a central passage 
through which the oil is pumped, and continuous 
streams of oil are sprayed on the gears through 
radial passages in the pinion. 

The oil, after lubricating the bearings and gears, 
is immediately drained to the main oil reservoir in 


the base of the housing. Here it is filtered, cooled 
and returned to the pump to be used over again. 



Turbo Gear-Motor Drive to Belt Conveyor 

Economies and Advantages of the TURBO-GEAR 

In addition to the features of the TURBO¬ 
GEAR already enumerated are the following: 

Low first cost (lower than a complete gear, 
chain or belt drive). 

Low maintenance cost (pract.cally nothing). 

Low erection costs. 

Freedom from noise and vibration. 

Small floor space required. 

Totally enclosed (can be used in wet, dirty, 
dusty, gritty places). 

No side strain on shafts or bearings (pure 
torque transmission). 

High and low speed shafts in axial alignment. 

Three times as many teeth in constant contact 
as on any other form of herringbone gear drive 
for equal power; consequently, low tooth pressure 
with corresponding increase of life. 

Cool operation—sure proof of high efficiency. 


When writing for quotations and further information regarding TURBO GEARS, give service, horse¬ 
power to be transmitted and speeds of driving and driven units. 



Motor With Turbo Gear Reduction Driving Elmore Washers 
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W. A. JONES FOUNDRY & MACHINE CO. 


W, A. Jones Foundry & Machine Company 

Main Office and Factories 

4432 West Roosevelt Road, CHICAGO, ILL. 

Branch Sales and Ensrineering Offices 

NEW YORK. N. Y.26 Murray Street MILWAUKEE. WIS..First Wisconsin National Bank Bide. 

PITTSBURGH. PA.Union Arcade BUFFALO. N. Y.184 Main Street 

Stock Carried at New York City and Buffalo Branches and by Dealers In All Important Distributing: Centers 

Speed Reducers and General Power Transmitting Machinery 


Products and Services 

Spur Gear Speed Reducers; Enclosed Worm 
Gear Drives; Friction Clutches; Cast Iron Split and 
Solid Pulleys; Ball Bearing Loose Pulleys; Cut and 
Cast Gears of all t)ipes and materials; Safety Set 
Collars; Shaft Hangers; Pillow Blocks; Rigid and 
Flexible Couplings. 

Also Clutch Pulleys, Sprocket Wheels, Rope 
Drives, Belt Tighteners and Mule Stands. 

Spur Gear Speed Reducers 

Jones Spur Gear and Worm Gear Speed Re¬ 
ducers are furnished in various ratios from 1% to 



Spur Gear Speed Reducer Mounted on Cast Iron Base 
Coupled to Driven Shaft 



1 up to 200 to 1. Exceptionally large reductions 
can be secured by employing a combination of the 
two types. 

Almost any load can be trans¬ 
mitted—in some of the larger 
units as much as 200 horse power. 

Jones Reducers 
are commonly 
used for driving 
conveyors, ele¬ 
vators, mixers, 
etc. Our engi¬ 
neers will glad¬ 
ly give your 
speed reduction 
problem a thorough analysis and recommend the 
proper machine. 


Enclosed Worm Gear Drive 



Spur Gear 


Gears 

Jones Gears are made with 
cut or cast teeth as Spur Gears, 
Bevel Gears, Worm Gears, etc. 
The materials commonly used 
are Cast Iron, Steel, Rawhide, 
Bakelite, Bronze, etc. 

Ask for our new Gear 
Book. 



Solid Cast Iron Pulley 


Cast Iron Pulleys 

Jones Cast Iron Pulleys are 
made either solid or split. They 
are furnished in any diameter 
up to 12 feet, for any width of 
belt and for any 'size shaft. 
The smaller castings are made 
on special pulley molding ma¬ 
chines — insuring uniformity 
and smoothness. We make 
specially constructed pulleys to 
order. 



Lemley Standard Sleeve Cluth 


Lemley Friction 
Clutches 

Furnished with 
extended sleeves for 
mounting pulleys, 
gears, sheaves, 
sprocket wheels, etc., 
also furnished as 
cut-off shaft coup¬ 
lings. Send for Fric¬ 
tion Clutch Catalog 
and latest discounts. 


Line Shaft Equipment 




Standard Flange Duplex Ring Oiling Rigid Pillow 

Coupling 

T 

Universal Drop ■ 

Hanger Plain Rigid Pillow Block 

Repair Work 

Exceptionally prompt attention is given to all 
orders for repairs, so that lost time due to break¬ 
downs is reduced to a minimum. 
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FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


FOLLOWING MANUFACTURERS and DEALERS 
REPRESENTED IN THIS SECTION 


American Steel ^ Wire Co. 

Bussmann Mfg. Co. 

Chicago Fuse Mfg. Co. 

Cutler-Hammer Mfg. Co., The 
Economy Fuse Mfg. Company 
Federal Electric Co. 

General Electric Co. 

Gregory Electric Co. 

Hazard Mfg. Company 
Kuhlman Electric Co. 

Moloney Electric Co. 

Packard Electric Co., The 
Pittsburgh Transformer Company 
Rubber Insulated Metals Corp. 

Salt Lake Hardware Co., The 
Standard Underground Cable Co. 
Stromberg-Carlson Telephone Mfg. Co. 
Westinghouse Electric Mfg. Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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228 ELECTRICAL DATA. 


Electrical Data 


ELECTRICAL TERMS AND DEFINITIONS 

Volt (E)—The unit of electrical motive force. 
Force required to send one ampere of current 
through one ohm of resistance. 

Ohm (R)—Unit of resistance. The resistance of¬ 
fered to the passage of one ampere, when impelled 
by one volt. 

Ampere (C) or (I)—Unit of current. The cur¬ 
rent which one volt can send through a resistance 
of one ohm. 

Joule (J)—Unit of work. The work done by one 
watt in one second. 

Watt (W)—^The unit of electrical energy, and is 
the product of the am^re and volt. That is, one 
ampere of current flowing under a pressure of one 
volt gives one watt of energy. 

Horse Power (H.P.)—Mechanical unit for meas¬ 
urement of power or rate of work. 

Watt-hour—Electrical unit of work or energy. 
Watt-hours equals watts times hours. 

Kilowatt-hour (K.W.-Hr.)—1,000 watt-hours. 
Large unit of work or energy. 

Cycle—^The period of a complete alternation of 
an alternating current circuit, comprising a positive 
and negative alternation. 

Frequency—(of alternating current)—^Number 
of cycles per second. 

Single phase—^The term applied to an alternat¬ 
ing current circuit energized by a single alternating 
e.m.f. Such a circuit is usually supplied through 
two wires. 

Polyphase—A general term applied to an alter¬ 
nating system with more than one phase. (See 
two-phase, three-phase, etc.) 

Two-phase—^The term applied to an alternating 
system comprising two electric circuits energized by 
alternating e.m.fs. which differ in phase by a quar¬ 
ter of a cycle—^frequently referred to as quarter- 
phase. 

Three-phase—^The term applied to an alternating 
system comprising three electric circuits energized 
by alternating e.m.fs. which differ in phase by one- 
third of a cycle. 

Power-factor (P.F.)—^The power-factor is the 
ratio of the true power to the apparent power of an 
alternating current system. 'Rie apparent watts 
are equal to the product of the volts and amperes, 
but owing to possible “phase displacement” the 
power delivered, as measured by a watt-meter, may 
be actually less than the apparent power. The 
power factor may be expressed as a i^rcentage but 
is usually written as a decimal fraction. 

Circuit—A circuit is a path, made up of a con¬ 
ductor or several conductors joined together, 
through which an electric current may flow from a 
given point around the conducting path and back to 
the starting point. 

Conductor—Material, such as copper wire, which 
serves to conduct electric current. 

Volt-Amperes—^Product of volts and amperes. 

Kilovolt-Amperes (KVA)—1,000 volt amperes. 


MOTOR CHARACTERISTICS 

Direct current motors are divided into three 
classes, designated according to the method of con¬ 
necting the armature and fleld windings as shunt, 
series and compound wound. 

SECTION V. 


Alternating current motors are divided into two 
general classes—^Induction and Synchronous, while 
Induction motors are of two types designated ac¬ 
cording to the type of rotor winding as the ^uirrel 
Cage Type and as the Wound Rotor or Slip Ring 
Type. 

Each of these types has special characteristics 
as mentioned below. 

Shunt Wound D. C. Motors—^Thls type of motor 
runs at practically constant speed regardless of the 
load. It is the type most generally used in com¬ 
mercial practice and is usually recommended where 
starting conditions are not unusually severe. 

The speed of shunt motors may be regulated in 
two ways—^first by inserting resistance in series 
with the armature, thus decreasing the speed, and 
second, by inserting resistance in the field circuit, 
thereby increasing the speed. In. the former case 
the speed will w&ry with each change in load, in the 
latter the speed is practically constant for any set¬ 
ting of the controller. The latter is most generally 
used for adjustable speed service, as in the case of 
machine tools, etc. 

Series Wound D. C. Motors—In this tyiie of 
motor the speed varies automatically with the load, 
increasing as the load decreases. The use of series 
motors is generally limited to cases where a heavy 
power demand is necessary to bring the machines 
up to speed, as in the case of certain elevator and 
hoist installations, for street cars, etc. Series 
motors should never be used where the motor can 
be started without load, as they will race to a 
dangerous degree. 

Compound Wound D. C. Motors—^This is a com¬ 
bination of the shunt and series types, and com¬ 
bines the characteristics of both. These character¬ 
istics may be varied by varying the combination of 
the two windings. It is most generally used where 
severe starting conditions and constant speed are 
required at the same time. 

Squirrel Cage Induction Motors—^This is the 
most rugged and reliable of all electric motors. 
Having no sliding contacts, all danger of sparldng 
is eliminated, and such motors may be used even 
where the fire hazard is great. They are essentially 
constant speed machines and should be used where 
starting conditions are not too severe. 

Wound Rotor or Slip Ring Induction Motors^ 
These motors are used for constant speed service 
requiring a heavier starting torque than is obtain¬ 
able with the squirrel cage ty^. They are pref¬ 
erable for lighting circuits and in outlying districts 
where the line disturbance in starting a squirrel 
cage motor might be objectionable. On account of 
the lower starting current, this type is recom¬ 
mended in preference to the squirrel cage type in 
larger sizes. 

Wound rotor motors are also used for varying 
speed service. The speed varies with this load, so 
that they should not be used where constant speed 
at each adjustment is required, as for machine tools. 

Single phase induction motors are used, mostly 
in small sizes, where pol}q)hase current is not avail¬ 
able. Their starting characteristics are not as good 
as the polyphase motor and for sizes larger than 10 
horse power the line disturbance is likely to be 
objectionable. 
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Electrical Data—Continued 


MOTOR CHARACTERISTICS—Continaed 

Synchronous motors run at a constant speed 
fixed by the frequency of the system. They require 
direct current for excitation and have low starting 
torque. For large motor-generator sets, frequency 
changers, air compressors and similar apparatus 
which permits starting under light load they are 
being generally used. They are used with consid¬ 
erable advantage, particularly on large iMwer sys¬ 
tems, on account of their inherent ability to im¬ 
prove the power factor of the system. 


STARTING AND STOPPING MOTORS—DIRECT 
CURRENT 


One rule to be remembered at all times in start¬ 
ing and stopping motors is switch first, rheostat 
last, which means in starting, close the switch first, 
and then gradually cut out all resistance as the 
motor speeds up. To stop the motor open the switch 
first, and then cut in all the resistance of the rheo¬ 
stat which is in series with the motor armature. • 

When starting a new motor for the first time, 
see that the belt is removed from the pulley and the 
motor started with no load. Never keep the rheo¬ 
stat handle on any of its coils longer than a moment, 
as they are not designed to regulate the speed of the 
motor, but to prevent too large a flow of current into 
the armature before the latter has attained its full 
speed. 

The illustration shows 
a rheostat in common use, 
designed to automatically 
protect the armature of 
a motor. The contact arm 
is fitted with a spring 
which constantly tends to 
throw the arm on the 
“off” point, and open the 
circuit, but is prevented 
from so doing, while the 
motor is in operation, by Motor starting Rheostat, 
the small electro-ma^et, shown on the face of the 
rheostat, which consists of low-resistance coil con¬ 
nected in series with the field winding of the motor. 
This magnet holds the contact arm of the rheostat 
at its extreme position, allowing the maximum 
working current to flow through the armature while 
it is in operation. 

If for any reason the current supplied to the 
motor be momentarily cut off, the speed of the 
armature generates a counter current which also 
tends to hold the arm in position as long as there is 
any motion to the motor armature, but as soon as 
the armature ceases to revolve all current ceases to 
flow through the electro-magnet, thereby releasing 
the rheostat handle, which flies back to the “off” 
point, as shown in the illustration, and the motor 
armature is out of danger. 

Such a device is of great value where inex¬ 
perienced men have to handle motors, and are un¬ 
aware that the first thing to be done when a motor 
stops is to open the circuit, and then cut in all the 
resistance in the rheostat to guard against an 
in-rush of current when the motor is started up 
again. 
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INQUIRY FORM FOR CARBON BRUSHES 


The manufacturer tries in every respect to give 
the operating man the best and most suitable brush 
for his equipment, but requisitions tor brushes fre¬ 
quently give the size, style of shunt and nothing 
else. While this information is very valuable to 
the manufacturer, he is at a loss to Imow for what 
service the brushes are to be used. The brush 
manufactumr cannot, in every case, correspond 
with the mine official, without holding up the order 
and delaying shipment, so naturally the best course 
is followed and the brush that is supplied is more 
or less a guess-work proposition. 

When ordering brushes, therefore, give the fol¬ 
lowing information: 


Size of brush 


Style of shunt 


Number of brushes required 


Bevel, if any 


Ampere carrying capacity of machine 


Speed under which machine is operated 


Commutator, undercut or flush mica 


What work does machine do? 


A FEW GOOD GENERAL RULES 


Keep your machine clean. 

Do not habitually overload your machines. 

After M armature has been repaired, or if it 
has stood idle for any length of time, use care in 
starting it up, let it run without a load for suf¬ 
ficient time to warm it up, thus drying up any 
moisture that might have accumulated in it. H 
you notice that it starts to smoke, shut it down, 
and let it cool off, then start it up again, and repeat 
this operation until you are thoroughly satisfied 
that it is dry. 

Do not ship armatures away for repairs without 
boxing them very securely. 

Do not let a few dollars in price influence you 
in sending your work to a firm that you know 
nothing about, for there are ways of cheapening 
repairs. Such repairs, however, are not che^. 
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POWER AND POWER FACTOR* 


Power that is flowing between two points in an 
electric circuit at any instant, can be found by 
multiplying the current at that instant by the volt¬ 
age at that instant between these points. 

When the voltage and current are in phase, the 
average power is equal to the product of the effect¬ 
ive volts times the effective amperes. 

If there is a phase difference between the cur¬ 
rent and the voltage of 90°, no power is being de¬ 
livered. All the energy leaving the generator is 
returned to it during each cycle. 

If the current phase differs from the voltage 
phase by an angle less than 90°, the power deliv¬ 
ered equals the effective volts times the effective 
amperes times cosine of the angle of phase differ¬ 
ence (or angle of lag). This angle of lag is generally 
designated as ©. Power factor is the cosine of ©. 

Apparent power is the name given to the prod¬ 
uct of volts times amperes. The units are known 
as volt-amperes to distinguish them from watts 
which are the units for measuring effective power. 

Effective Power Watts 

Power Factor --— =- 

Apparent Power Volt-Amperes 

An alternating current may be considered as 
made up of two component parts, differing in phase 
by 90°. The power component is in phase with the 
voltage and is equal to the product of the current 
times the cosine of the angle of phase difference, 
between the current and the voltage. The product 
of this component and the voltage measures the 
effective power or watts. 

(Power Component)=(Amperes) X (Cos ©) 

(Watts )=(Power Component of (Current) X 
(Voltage) 

The reactive or wattless component Jags br 
leads 90° from the voltage. This is equal to the 
product of the current times the sine of the angle 
of phase difference between the current and voltage. 
No power is delivered by this component. 

(Reactive Component) = (Amperes) X (Sine 0) 

( Reactive \ / Reactive \ 

Volt 1=1 Component of I X (Voltage) 
Amperes / \ Current / 

How to Tell Power Factor of Your System 

An operator can easily tell the power factor of 
his line at any time. In case there is no power 
factor meter, take readings (as nearly instantan¬ 
eous as possible) from the wattmeter, fvoltmeter 
and ammeter. Care must be taken to get average 
ampere reading of all the phases. Divide the total 
kilowatts (as shown by wattmeter) by the total 
kilovolt-amperes—the quotient is the power factor 
of the line at the time. 

tNote—If It is desired to find the watts at any instant 
from a watthour meter, proceed as follows: Count the revo¬ 
lutions of the dial of the watthour meter during a certain time 
(a minute or more), then apply the following equation: 

3600xK (Watthour constant) xRevolut’ns 

Watts -- 

Time in seconds. 

K is Watthour constant 
given on the meter. 

It is readily seen that the total KW (effective 
power component) is the product of total KVA mul¬ 
tiplied by the power factor. 


The right angle triangle in Fig. 1 shows the 
vector relation of these quantities. 

The line AB is the hypotenuse 
of the triangle and represents the 
total KVA; the line AC is the 
base and represents total EIW. 
The angle 0 is formed by the cut¬ 
ting of AB by AC and is known 
as the angle of lag. The side op¬ 
posite the angle of lag (BC) is 
the reactive (wattless) compo¬ 
nent. 

The power factor is the cosine 
of the angle of lag. From your 
meter readings you have found 
the value of the side AB (total 
KVA) and the side AC (totd 
KW) and the cosine of 0 (power 
factor). 

The value of the side BC is found by the follow¬ 
ing formula: Square the value of AB or the total 
KVA; square the value of AC or the total KW; 
subtract the square of the total KW from the 
square of the total KVA; extract the square root 
of the remainder. This will be the value of the 
total reactive KVA, equivalent to the line BC. This 
is based on the simple geometric formula, that the 
square of the hypotenuse is equal to the sum of 
the squares of the other two sides. 

Example: Suppose the total KVA Is 500, and the total 

KW Is 400. The square of 500 Is 250,000; the square of 400 
is 160,000 Subtract 160,000 from 250,000. 90,000 Is the re¬ 
mainder. The square root of 90,000 is 300. 300 KVA is the 

wattless component—or value of the line BC. 
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Fig. 2 


Example: To find P.F. of any point on P.F. circle, follow 
horizontal line to left till it intersects P.F. scale. 

OY represents a system of 3350 KVA at 60% P.F. The 
point X on the circle determines the position of the radius 
OX. The length of OY to scale determines the size of system. 
MY represents effective power. (2000KW) KY represents re¬ 
active KVA (wattless)—(2650 KVA). Angle KOY represents 
the angle of lag. 

When the power factor changes a new radius must be 
drawn. The angle included between the radius OX and the 
vertical line OK is the angle of lag. The cosine of this angle 
of lag Is the pow'er factor. Go ahead and lay out your own 
problem. 


•Electric Machinery Company. 
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Electrical Data—Continued 


mmo 8TSTSM OF WZXOKT8 AVD lOiASUUS 


Mcafures of Lengtka 


1 Mfllimeter 


0 001 Meter 


0 0394 

Inch 

1 Centimeter 

ss 

0.01 

Meter 


0.3937 

Inch. 

1 Decimeter 


0 1 

Meter 


3.937 

Inches 

1 Meter 

■■ 

1 

Mctet^ 

at 

39 37 

Inches 

1 Dekameter 

■■ 

10 

Meters 


303.7 

Inches 

1 Hectometer 

■B 

100 

Meters 


328 Feet. 

1 Indu 

1 Kilometer 

BB 

1000 

Meters 

-3280 Feet, 

10 Inches. 

1 Myriametw 

-10000 

Meters 

- 

6.2137 

Miles 


k wiH W Bodeed that 10 Milliinc<ers equal 1 Centimeter. 10 Centimeters equal 
1 Decimeter, and so on 

Measures of Volumes 

1 Minniter - 0.001 Liter » O.OGl Cubic Inch. 

1 Centiliter » 0.01 Liter » 0.0102 Cubic Inch. 

1 Deciliter 0.1 Liter « 6.1022 Cubic Inches. 

1 Liter « 1 Liter ■■ 0.9081 Quart 

1 Dekaliter » 10 Liters 9.081 Quarts. 

1.Hectoliter 100. Liters ■■ 2 Bushels. 3 35 Pecks 

1 Kiloliter »1000 Liters » 1.308 Cubic Yank. 

Wei^ts 

1 MHl^ramme « 0 001 Gramme ■■ 0.0154 Grain. 

1 Centigramme 0 01 Gramme ■■ 0.1543 Grain. 

1 Decigramme » 0 1 Gramme 1.5432 Grains. 

1 Gramme « 1 Gramme « 15.432 Grains 

1 Dekagramme « 10 Grammes * 0.3527 Ounce. 

1 Hectogramme « 100 Grammes.« 3.5274 Ounces. 

1 KOogrkmme « 1000. Grammes 2.2040 Pounds. 

1 Mjriagramme »10000 Grammes ■> 22.046 Pounds. 

Metric and Eo^Iuk Equiraleiits 

laches ^Millimeters -i- 25 4 Lbs. .\voirdupob««Kilogrammesx 2.20462 

Feet Meters x 3.28083 Tons (2000 IbaJ) -Kdogrammes -»• 907.18 

Yank ■-Meters x 1.09364 Lbs. per Foot —Kilo, per Meter x .67196 

IGlcs a-Kilometers 1.60935 Lbs. per Cu. Ft. --Kila per Cu. Meterx .062-13 
Sq. In.>-Square Millimtfm x 0C155 Sq. Millimeters »Square Inches x 045.137 
Sq. Ft-:S<|^re Meters x 10.7G4I Sq. Meter ^Square Feet x .0089 
Aesas ■■Square Kilometers X 247 114 Grammes «-Oimces x 28.3496 
OL4B.«»Cttbic Centimeters + 10.3S70 Grammes ^Pounds x 453.5026 

C«. Fiu^Cubic Meters X 35.3140 Knogrammes »Pounds x .45350 


8FBBD Am FUQITBBCT TABU 
For A. O. Apparatus 



BZBOWATTB ABB KOBUFOWBB 
0.746 Kilowatts Bquals Obs Korsspowsr 


DoaraMi to Bocm pouar 




600 804.36 

700 1 938.42 
1072 48 
1206.54 
1340.60 


OOBBTAVT8 FOB TBABBMlMaOB B2BB 
CABOUBATXOBS 
































232 electrical data. 


Electrical Data—Continued 


FORMULAS USED IN ELECTRICAL CALCULATIONS 

(For Abbreviations See Electrical Terms and Definitions) 
K.W. =1000 watts = 1.34 H.P. 

H.P. = 746 watts = .746 K.W. 

K.W. 

K.V.A. =- 

P.F. 

true power Watts K.W. 

P.F. =-=-=- 

apparent power volts X amperes K.V.A. 

EXI 

K.W. =- (Direct Current) 

1000 


P.F. = • 


K.W.= 


K.W.= 


- (Direct Current) 

1000 

1.73xExIXP-F. 


K.W.= 


K.W.= 


1000 

2XEXIXP.F. 

1000 

ExIXP-F. 

1000 


(3 Phase Alternating Current) 


(2 Phase Alternating Current) 


(1 Phase Alternating Current) 


wmvo roBMVU.8 

ryr _ 22xLC Where load is at end of line. 

-V 

_ lULXC Where load U distributed 

CM— V along line. 

CM=Clrcular mils. 

L= Length In feet on one side of circuit. 
C=Current In Amperes. 

Y=Loss in Tolts. 


OVmmBVT FOB MOTOM- 
AmpsTM for Baoh XioaA at Full Xrf>ad 


d 

H 

O 

Pk 

DIRECT 

CURRENT. 

ALTERNATING 

CURRENT. 

PHASE 

H 

00 

04 



Single Two 

Three 

o 

•w* 

VOLTS 

VOLTS 


110 

220 

208 1 200 

200 

V4 

4.0 

2.5 

4.9 ... 


1 

9 

4.5 

7.8 ... 



13.6 

6.8 



2 

18 

9 

15.9 ... 


3 

25 

13 

21.5 ... 


5 

42 

21 

32.5 12.9 

14.9 

7^ 

57 

28 

48 19 

22 

10 

75 

38 

68 25 

29 

15 

113 

57 

90 37 

43 

20 

150 

75 

115 49 

58 

30 

226 

113 

161 72 

84 

40 

301 

150 

96 

111 

50 

376 

188 

118 

136 

00 

452 

226 

140 

163 

70 

527 

263 

163 1 

187 

80 

602 

301 

185 

213 

90 1 

678 

339 

207 

239 

too 

753 

376 

230 

265 


Ohms Law (Direct current or non-inductive alter- RULES—VOLTS, AMPERES, WATTS, ETC 

nating current circuits): _ - 


E E 

1 = —, E = IR, R = — 

R I 

Amperes per motor (Current input per line): 



H.P.X746 

Direct Current 

I — 


ExEff. 


H.P.X746 

3 Phase A.C. 

I — 


1.73XExEff.xP.F. 


H.P.X746 

2 Phase A.C. 

I — 


2xExEff.XP-F. 


H.P.X746 

1 Phase A.C. 

I — 


ExEff.XP-F. 


rOBKO^B—OKirS XiAW 


W=EC = C2K=.^ 

„ P ^ C2R E2 . 

74G 746 RX7.4C ' 

E'=:IilectromotIy force In volts. 

R z=Re8l8tance In Ohms. 

C rrCurrent In Amperes. 

W=Power in Watts. 

H. P.ruHorse-power. 


BQUZVAZJBBTS OF BUOTBXOAB 
nVXTB 

1 Kllowattz^lOOO Watts. 

1 Knowattz=1.34 Horse power. 

1 Kilowatt—42257 Ft.-lbs. per min. 

1 Kilowattz=:56.87 3. T. U. per min. 

1 Horse power=:746 Watts. 

1 Horse power=;33000 Ft.-lbs. per rain. 

1 Horse powcrr:=42.41 B. T. U. ^r min. 
1 B. T. U.zz:778 Foot-pounds. 

1 B. T. U.=0.2930 Watt hours. 


To find the watts consumed in a given electrical 
circuit, such as a lamp, multiply the volts by thf^ 
amperes. 

To find the volts, divide the watts by the am¬ 
peres. 

To find the amperes, divide the watts by tht- 
volts. 

To find the electrical horse-power required by » 
lamp, divide the watts of the lamp by 746. 

To find the number of lamps that can be sup¬ 
plied by one electrical horse-power of energy, divide 
746 by the watts of the lamp. 

To find the electrical horse-power necessary, 
multiply the watts per lamp by the number of lampe 
and divide by 746. 

To find the mechanical horse-power necessary tx 
generate the required electrical horse-power, dividf 
the latter by the efficiency of the generator. 

To find the amperes of a given circuit 
lomoAB of which the volts and ohms resistanc* 
are known, divide the volts by the ohms 

To find the volts, when the amperes 
L'".!.'in ^”6 watts are known, multiply the am¬ 

peres by the ohms. 

I. per rain. 

u. B«r min. To find the resistance in ohms, when 
the volts and amperes are known, divide 
the volts by the amperes. 
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ELECTRICAL DATA. 2^^^^ 

Electrical Data—Continued 


▼O&TS DBOr ZH BOVDBD TBAOB 
B«r Ainp«z« p«r 1,000 T—t of Sliigl# Track 

Rail Bonds of No. 1 Copper Wire 


Weight 
of Rail. 
Pounds 
per Yard 

Length 
of Bond. 
Feet 

Volts Drop per Ampere 
Single 

^r 1000 feet of 

Track 

iO>Pt. Rail Lengths 

20-Pt. Rail Lengths 

Single 

Bonded 

Double 

Bonded 

Single 

Bunded 

Double 

Bonded 

8 

2M 

0 0344 

0.0318 

0 0354 

0.0317 

12 

2H 

.Q247 

0221 

0261 

0224 

16 

2H 

0198 

0172 

0214 

0)76 

20 

2H 

0168 

0142 

.0188 

0149 

23 

2'A 

.0145 

0119 

0166 

0126 

30 

2H 

0139 

0108 

0165 

.0120 

35 

3 

.0128 

0097 

0155 

.0109 

40 

3 

0120 

0089 

0148 

0101 

45 

3 

.0114 

0083 

.0142 

.0096 

50 

3 

0109 

0078 

0137 

.0090 

55 

3 

.0104 

0073 

0133 

.0086 

60 

3 

.0101 

.0070 

0129 

0083 

65 

3 

0098 

.0067 

.0126 

.0080 

70 

3 

.0095 

,0064 

.0124 

.0077 


BUOTBZOJX PBOPBBTZBS OF lUBB TBAOn 


k 

at! 

AC 

ItA 

• 

k 

Equivalent Area 
in Cir. Mils 
of Copper 

Resistance at 24** C. 

^ i o«J 

ft® i 

ait 1 eS 

O 1 o 

Loss in Volts 
per An^. In 

100 ft. Track 

Safe Amp. 

10* C. Rise 

16 

320000 

.1737 

.0329 

.0033 

500 

20 

400000 

.1684 

.0263 

.0026 

600 

25 

500000 

.1109 

.0210 


675 

SO 

600000 

.0924 

.0175 

.0017 

750 

36 

700000 

.0792 

.0150 

.0015 

850 

40 

800000 

.0692 

.0131 

.0013 

950 

45 

900000 

.0616 

.0117 

.0012 

1050 

so 

1000000 

.0554 


.0011 

1150 

55 

1100000 

.0504 

.0095 

.0010 

1250 

$0 

1200000 

.0464 

.0088 

.0009 

1300 

65 

1300000 

.0417 

.0079 

.0008 

1400 

70 

1400000 

.0396 

.0075 

.00075 

1500 

80 

1600000 

.0345 

.0065 

.00065 

1700 

90 

1800000 

.0307 

.0058 

.00058 

1900 

100 

2000000 

.0270 

.0051 

.00051 

2150 


Calculated by Alex. Palmros, Dec.. ’07 


SZSB OF FU8B S, TX AMFBBBS, FOB MOTOBS 
BQVZPFBD WZTK OYBBBOAB STABTIMO 
BSBOSTATS 


Horse 

115 

230 

500 

Power 

Volts 

Volts 

Volts 


0.5 

8 

4 

8 

1 1 

16 1 

8 

4 

3 

40 

20 

10 

4 

50 

25 

12 

5 

60 

30 

16 

7.6 

90 

45 

20 

10 

115 

60 

25 

15 

175 

90 

40 

20 

225 

115 

60 

25 

300 

150 

60 

30 

350 

175 

76 

85 

400 

200 

90 

40 

450 

226 

100 

50 

600 

300 

126 


▼OBTS BOOT WITH FABZOUS COFPBB WZBB 
C01IBZBATZ0B8 


Sites of Wires 

Area. 

Circular 

MiU. 

Weight of 
Combina¬ 
tion. 

Pounds per 
logo feet. 

Volts Lost 
jper Ampere 
per 1000 
feel. 

One No. 0000 and One No. 000 

379405 

1149 

0 027 

u u m U U QQ 

344679 

1044 

030 


317192 

960 

.033 

M M M M a ^ 

295295 

894 

035 

One No. 0000 and Two No. 000 

547210 

1657 

019 

- - - “ “ 00 

477758 

1447 

022 

a a <■ a a q 

422784 

1280 

.025 

a a a a a • 

378990 

1148 

027 

One No. 000 and One No. 00 

300884 

911 

035 

a a a a a Q 

.273397 

828 

038 

a a a a “1 

251500 

762 

(Ml 

One No. 000 and Two No. 00 

433963 

1314 

.024 


378989 

1147 

.027 

a • a a a ^ 

335195 

1015 

.031 

One No. 00 and One No. 0 

238671 

723 

.043 

a a a « a | 

216774 

656 

.048 

One No. 00 and Two No. 0 

344263 

1042 



300469 

910 

.035 

One No. 0 and One No. 1 

189287 

573 

.055 

One No. 0 and Two No. 1 

272982 

827 

.038 


WBZOKT OF BABB COPFBB WZBB 


Wire 

No.. 

B.&S 

Gauge 

Diam* 

eter. 

Inches 

Area. 

Circular 

Mils 

Weight 

Wire. 

Per 

1000 Feet 

of Bare 

Pounds 

Per 

Mile 

HiSli 

0.460 

211600 

640.7 

3383 

000 

.410 

167805 

508.1 

2683 


365 

1-33079 

403.0 

2128' 

0 

325 

105592 

n9 7 

1688 

1 

.289 

83695 

253.4 

1338 

2 

.258 

36373 

201.0 

1061 

3 

.229 

52634 

159.4 

841.5 

4 

204 

41743 

126.4 

667.4 

5 

.182 

33102 

100.2 

529.2 

6 

.162 

26251 

79.5 

419.7 

7 

144 

20817 

63.0 

332.8 

8 

.129 

16510 

50.0 

264.0 

9 

.114 

13094 

39.7 ' 

209.4 


.102 

10382 

31.4 

166.0 

11 

.091 

8234 

24.9 

131.7 

12 

.081 

6230 

19.8 

104.4 

13 

.072 

5178 

15.7 

82.8 

14 

.064 

4107 

12.4 

65.7 

15 

.057 

3257 

9.86 

52.07 

16 . 

.051 

2583 

7.82 

41.29 

17 

.045 

2048 

6.20 

32.75 

18 

.040 

1624 

4.92 

25.97 

19 

.036 

1288 

3.90 

20.59 

20 

032 

1021 

3.09 

16.33 

21 

.029 

810.1 

I 2.45 

12.95 

22 

.025 

642.5 

! 1.95 

10.27 

23 

.023 

509.5 

1.54 

8.15 

24 

.020 

m.o 

1.22 

6.46 

25 

.018 

320.4 

.97 

5.12 

26 

.016 

254.1 

.77 

4.06 
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234 ELECTRICAL DATA. 


Klcctrical Data—Continued 


BaSZSTAVCnB OF COPFBB AVD A&UlDanTlI wzu 
AT 75* FAKUSrXBXT 
CondnctlTlty: Copper 98%; Alamlnnm 62% 


Whs- 

Na, 

Geoge 

Are*. 

Circu¬ 

lar 

MUs 

Copper 

Aluminum 

Volu Lost 
per Ampere 

Feet 

(Sr» 

Volu Lost 
per Ampere 

Feet 

Per 

1000 

Feet 

Per 

MUe 

Per 

1000 

Feet 

Per 

Mile 

0000 

211600 

0.049 

0.259 

20393 

0.078 

0.410 

12888.9 

000 

167805 

.062 

.327 

16172 

.098 

.517 

10236.9 

00 

133079 

.078 

.412 

12825 

.123 

.652 

8118.5 

0 

105592 

.098 

.519 

10176 

.155 

.822 

6441.7 

1 

83695 

.124 

.655 

8066 

.196 

1.036 

5105.8 

2 

66373 

.156 

.825 

6396.7 

.247 

1.306 

4049.1 

3 

52634 

.197 

1.04 

5072.5 

Jll 

1.640 

2546.5 

4 

41743 

.249 

1.31 

4022.9 

J93 

2.075 

3210.9 

5 

33102 

.314 

1.66 

3190.2 

.496 

2.620 

2019.4 


26251 

.395 

2.09 

2529.9 

625 

3.305 

1601.4 

7 

20817 

.499 

2.63 

2006.2 

789 

4.173 

1269.9 

8 

16510 

.629 

3.32 

1591.1 

.994 

5.255 

1007.2 

9 

13094 

.792 

4.18 

1262.0 

1.253 

6.627 

798.8 

10 

10382 

1.00 

5.28 

1000.5 

1.580 

8.360 

633.3 

11 

8234 

1.26 

6.65 

793.6 

1.990 

10.53 

502.32 

12 

6230 

1.59 

8.39 

629.3 

2.513 

13.29 

398.35 

13 

5178 

2.00 

10.58 

499.1 

3.167 

16.75 

315.90 

14 

4107 

2.53 

13.34 

395.8 

3.992 

21.10 

250.54 

15 

3257 

3.19 

16.82 

313.9 

5.035 

26.66 

198.68 

16 

2583 

4.02 

21.21 

248.9 

6.345 

33.55 

157.55 

17 

2048 

5.07 

26.75 

197.4 

8.013 

42.30 

124.95 

18 

1624 

6.39 

33.73 

156.5 

10.11 

53.40 

99.09 

19 

1288 

8.06 

42.53 

124.1 

12.73 

67.25 

78.58 

20 

1021 

10.16 

53.64 

98.44 

16.07 

85.06 

62.31 

21 

810.1 

12.81 

67.63 

78.07 

20.25 

107.1 

49.42 

22 

642.5 

16.15 

85.27 

61.92 

25.53 

134.9 

39.20 

23 

509.5 

20.37 

107.5 

49.10 

32.20 

170.3 

31.08 

24 

m.o 

25.68 

135.6 

38.94 

40.65 

214.8 

24.65 

25 

320.4 

32.38 

171.0 

30.88 

51.23 

271.0 

19.55 

26 

254.1 

! 40.84 

215.6 

24.49 

_64.65 

341^ 

15 50 


pmoFUTna of raBAvoBD ooffu avd jximz- 

MUM OABU AT 76* FASUnOXT 


OondnetlTityi Ooppw 98%; AlPMlanm 62% 


irir* 

Luge 

Area. 

Circu¬ 

lar 

MUs 

Copper 

Aluminum 

Weight of Bare 
Cable, Pounds 

Volu 
Lost per 

Weight of Bare 
Came. Pounds 

Volts 
Lost per 

Per 

1000 

Feet 

Per 

MUe 

Ampere 

per 

1000 

Feet 

Per 

1000 

Feet 

Per 

Mile 

Ampere 

per 

1000 

Feet 


iii! 

3050 

16104 


920 

4858 

0.0166 



2898 

15299 

.0111 

874 

4617 

0175 


KWm 

2745 

14494 

0117 

828 

4374 

0185 



2593 

13688 

0124 

782 

4131 

0196 



2440 

12883 

.0131 

736 

3888 

.0207 



2288 

12078 



3645 

.0221 



2135 

11273 

.0150 

644 

3402 

.0237 


650000 

1983 


.0162 

598 

3159 

0256 




9662 

.0175 

552 

2916 

.0276 


550000 

1678 

8857 

.0191 

506 

267^ 

.0302 


500000 

1525 


.0210 

460 

2430 

.0332 



1373 

7247 

0234 

414 

2187 

0370 


400000 

1220 

6442 


368 

1944 

.0416 


350000 

1068 

5636 


322 

1701 

.0474 


300000 

915 

4831 

.0350 

276 

1458 

.0553 


250000 

762 


0420 

230 

1215 

0664 

0000 

211600 

645 


.0497 

194.7 


.0785 

000 

167805 

513 


0625 

154.4 

816 

.0987 

00 

MilUl 

406 

2144 

0789 

122.4 

647 

1247 

0 

■ iiiii 

322 


0995 

97.1 

513 

1573 

1 

83695 

255 

1346 

.1258 

77.0 


1988 

2 

66373 

203 

1072 

.1579 

61.0 

323 

.2495 

3 

52634 

160 

845 

2004 

48.5 

256 

3168 

4 

41743 

127 

671 

2525 

38.5 



5 


103 

544 

.3112 

30.2 

161 

.4920 

6 

26251 


428 


24.1 

128 



BBBAKIVO OTH Ajy OF OOFFBB AJf2> JXUlIZBTni 


HA strength of Annealed Copper taken at 

84.000 pounds per square inch. 

Drawn Copper Uken ai 
square Inch, except: 50,000 poundf 
00; 66,000 pounds for No. #■ 
67,000 pounds for No. 1. xnw. w. 

Ultimate strengrth of Aluminum taken at 20.004 
pounds per square inch. 

Table ylves actual breaking strains, to which a suit¬ 
able safety factor must be applied to secure proper 
working strengths. 


Wire 


1 Breaking Strain. Pounds 

No.. 

B. A S. 

Circular 

Mils 

I Copper, Solid 

1 Aluminum 

Gauge 

Annealed 

Hard 

Drawn 

Solid 

Stranded 


1000000 



20420 

32280 


900000 



18380 

29050 


800000 



16340 

25820 


700000 



14300 

22590 


600000 



12250 

19370 


500000 



10210 

16140 


400000 



8170 

12910 


300000 



6130 

9680 


250000 



5110 

8070 

0000 

211600 

5650 

8310 

4320 

6830 

000 

167805 

4475 

6580 

3430 

5420 

00 

133079 

3550 

5226 

2720 

Am 

3410 

0 

105592 

2800 

4558 

2150 

1 

83695 

2225 

3746 

1710 

2700 

2 

66373 

1775 

3127 

1355 

2143 

3 

52634 

1400 

2480 

1075 

1700 

4 

41743 

1115 

1967 

852 

1350 

5 

33102 

885 

1519 

657 

1070 

6 

26251 

700 

1237 

536 

880 

7 

20817 

550 

980 

426 


8 

16510 

440 

778 

337 


9 

13094 

350 

617 

267 


10 

10382 

275 

489 

212 


11 

8234 

220 

388 

167 


12 

6230 

175 

307 

133 


13 

5178 

135 

244 

105 


14 

4107 

no 

193 

84 



Courtesy Goodman ICfg. Oe 


OABBTZVO OAFAOZTT OF IVmXOB OOnVOTOM 
The Ovtsstloa of Drop Is Not Taken mto nmislflsrstlin 
^ In These Tables 

The following table shows the allowable carrylns 
capacity of wires and cables of 98% conductiylty. 

The lower limit is spedlled for rubber ooyei^ wlret 
to prevent gradual deterioration of the insulation by 
the heat of the wires, but not from fear of icnitlna th# 
insulation.—“N. B. of P. U.’* ^ 


ad 

4 

A 

O 

G 

'i 

1?s 

oS 

O 

lls 

o 

II* 

m 

=3 

a 

9 

o 

s. 

6 

il" 

03 

4, 


Amps. 

Amps. 


Amps. 

Ampa 

18 

3 

5 

200,000 

too 

200 

16 


8 

300,000 

270 

400 

14 

12 

16 

400.000 

280 

600 

12 

17 

23 

500,000 

800 

600 

10 

24 

32 

600,000 

460 

080 




700,000 

500 

700 




800.000 

660 

840 

8 

1 83 

46 

900.000 

000 

080 

6 

46 

65 

1.000.000 

060 

mwrrm 

6 

54 

77 

I.IOO.OOO 

600 

1,020 

4 

65 

S2 




3 

76 


1,200,000 

720 

1,160 




1,300,000 

770 

1,220 




1.400.000 

810 

1,200 




1.500.000 

860 

1,800 

2 

SO 

131 

1.600.000 

800 

1,420 

1 

107 

156 




0 

127 

185 

1.700.000 

080 

1,400 


150 

220 

1.800,000 

070 

1,660 


177 

262 

1,900.000 

i.<no 

i.oio 


210 

812 

2.000.000 

1,050 

1,070 
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Electrical Data—Continued 


r OF STAmAmD 
IF xmruno coffsb 
Am oj 

DoubU Braid 


Geuae 

MU< 

Solid 

Stranded 

Diameter. 

laches 

Weight, 
Poandi pet 
1000 Feet 

Diameter, 

laches 

Wei^t, 
Pounds par 
1000 Feet 


1000000 



1.37 

3456 


900000 



1.31 

3127 


000000 



1.24 

2799 


700000 



1.18 

2471 


600000 



1.11 

2093 


500000 



1.03 

1765 


400000 



.94 

1436 


300000 



.85 

1083 

€000 

211600 

0.61 

723 

.71 

745 

000 

167805 

56 

587 

.65 

604 

00 

133079 

.52 

467 

.60 

482 

0 

105592 

.47 

377 

.56 

386 

1 

83695 

.41 

204 

.47 

301 

2 

66373 

.37 

239 

.42 

246 

3 

52634 

.35 

185 

.38 

190 

4 

41743 

.32 

151 

.35 

ISS 

S 

33102 

30 

122 

32 

126 

6 

26251 

.28 

100 

.31 

101 


PIAMB TBB Am WBXOXT OF STAmAm 

WBAFHB mpmo oF nrmBATm ooffbb 

WZU Am OABBB 
Trli^e Braid 


. 


Sefid 

1 Straqded 

Wire Ne., 
B.&S. 
Gsuge 

Mils 

Diameter, 

Inches 

Weight, 
Pounds pel 
1000 Feet 

Diameter 
^ Inches 

Wemht, 
brands per 
1000 Feet 


1000000 



1.45 

1.39 

1 33 

1.27 

1.19 

1.11 

1.02 

.93 

.79 

3674 

3332 

2992 

2650 

2235 

1894 

1553 

1174 

800 


900000 




800000 




700000 




600000 




500000 




400000 




300000 



€000 

211600 

0.66 

767 

000 

16780S 

.60 

629 

73 

653 

00 

133079 

.55 

502 

66 

522 

0 

105592 

.51 

407 

61 

424 

1 

83695 

.45 

316 

.52 

328 

2 

66373 

:40 

260 

.44 

270 

3 

53634 

.37 

208 

.41 

219 

4 

41743 

.35 

164 

.38 

170 

S 

33102 

.32 

130 

.35 

146 


26251 

.30 

112 

.33 

115 


BZAMBnm A m w b ioht of moBBBm zmuikAnD 
OOFFBB WXBB Am OABU 

National Electric Code Standard. 0 to €00 Volta 

BomUe Braid 


DZAMBTBB Am WB IOHT OF BVBBBB XBOlTBAnO 
OOFFBB WZBB Am OABU 

National Electric Code Standard. 0 to 600 Volts 


SRii 

1 

Area. 

Circular 

Mils 

1 

Solid 

Stranded 

Diameter.^ 

Inches 

Weight, 
Pounds per 
1000 Feet 

Diameter, 

Inches 

Weight. 
Pounds per 
1000 Pact 


lOOOQOO 



1.46 

3553 


900000 



1.40 

3223 


800000 



1.33 

2891 


700000 



1.27 

2557 


600000 



1.19 

2220 


500000 



1.09 

1842 


400000 



1.00 

1514 


300000 



.90 

1173 

€0Qp 

211600 

0 70 

793 

.77 

833 


167805 

.65 

646 

.71 

675 


133079 

.61 

528 

.66 

556 

0 

105592 

.57 

439 

.61 

457 

1 

83695 

.53 

363 

.57 

37.7 

2 

66373 

.45 

276 

.50 

293 

3 

52634 

.42 

228 

.45 

238 

4 

41743 

39 

190 

.42 

198 

S 

33102 

.36 

154 

.40 

166 

6 

26251 

.34 

130 

.36 

136 

7 

20817 

.30 

105 

.32 

108 

8 

16510 

.27 

82 1 

.29 

85 5 

9 

13094 

.26 

68.4 

.27 

70 0 

10 

10382 

.25 

58.1 

.26 

60 6 

U 

8234 

.24 

50.0 

.25 

52 3 

12 

6230 

.23 

43 1 

24 

44 9 

13 

5178 

.22 

38.5 

.23 

39 6 

M 

4107 

.21 

33.0 

1 .22 

34 3 


Trlplo Braid 


Wire 

Qange 

Area, 

Circular 

Mils 

1 

1 Stranded 

Diameter. 

Inches 

Weight. 

Pounds 

1000 Fed 

Diameter. 

Inches 

Weight. 

Pounds 

lOOO^eet 


1000000 



1.54 

3637 


900000 



1.48 

3304 


800000 



1.42 

2968 


700000 



1.35 

2631 


600000 



1.28 

2290 


500000 



1.17 

1906 


400000 



1.09 

1573 


agoooo 

• 


.99 

1226 

0000 

211600 

0.78 

835 

.85 

879 

000 

167805 

.73 

685 

.79 

719 

00 

133079 

.69 

564 

.74 

595 

0 

105592 

.65 

474 

.70 

494 

1 

83695 

.61 

395 

.66 

412 

2 

66373 

.51 

297 

.59 

324 

3 

52634 

.48 

247 

.52 

260 

4 

41743 

1 

1 

.46 

208 

.49 

218 

S 

33102 

.41 

167 

.46 

184 

6 

1 26251 

[ .39 

142 

.41 

149 
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230 ELECTRICAL DATA, 


Electrical Data—Continued 


Table I—Properties of Bare and Insulated Solid Copper Wire 


Sise 

B. ft 8. 

Area 



Diameter 





j Bare 


Bare 

1 Insulated 

Circular 

Mils 

Square 

Inches 

' Inches 


1 8 Braid 

1 2 Braid 

i 8 Braid 

i 2 Braid 

0000 

211,600 

.16619 

.4600 

11.688 

.640 

.609 

640.6 

767 

728 

.04898 

000 

167,772 

.13177 

.4096 

10.404 

.698 

.662 

607.8 

629 

687 

.06170 

00 

138,079 

.10462 

.3648 

9.266 

.616 


402.8 

602 

467 

.07780 

0 

106,626 

.08296 

.8260 

8.261 

.600 

.468 

819.7 

407 

877 

.09811 

1 

88,694 

.06673 

.2898 

7.848 

.468 

.422 

268.8 

816 

294 

.12870 

2 

66.868 

.06211 

.2676 

6.644 

.437 

.890 

200.8 


239 

.16600 

8 

62,624 

.04188 

.2294 

6.827 

.406 

.369 

169.8 

199 

186 

.19670 

4 

41,738 

.08278 

.2048 

6.190 

.869 

.328 

126.8 

164 

161 

.24800 

6 

1 26,244 

.02061 

.1620 

4.116 

.828 

.296 

80.6 

112 

100 

.39440 

8 

! 16,612 

.01297 

.1286 

8.268 

.296 


49.9 

75 

66 

.62710 

10 

10,384 

.00816 

.1019 

2.688 

.284 

.203 

81.4 

68 

46 

.99720 

12 

6,628 

.00612 

.0808 

2.062 

.208 

.172 

19.7 

86 

SO 


x4 

4,108 

.00322 

.0641 

1.628 

.187 

.166 

12.4 

26 

20 

2.62100 

16 

2.680 

.00202 

.0608 

1.291 

.172 

.126 

7.8 

20 

16 

4.00900 

18 

1,624 

.00127 

.0408 

1.024 

.166 

.109 

4.9 

16 

12 

6.87400 

20 

1,024 

.00080 

.0820 

.8118 



8.1 

12 

9 

10.14000 


Table II—^Properties of Bare and Insulated Stranded Copper Cable 


Sise 

B. ft 8. 
Gauge 

Area 

No. of 
Wires 
in 

Strand 

Diameter 



Resistance 

Ohms per 

1,000 Ft. at 
68 Degrees 
Fahr 

Bare 

Over Insulation 

Bare 

Insulated 

Circular 

Mils 

Square 

Inches 

8 Braid | 2 Braid 




2,000,000 

1.66874 

91 

1.6802 

2.000 

1.875 

6204.8 

7008 

6690 

0.00680 


1,760,000 

1.86494 

91 

1.6267 

1.906 

1.781 

6429.3 

6198 

6894 

.00607 


1,600,000 

1.17881 

91 

1.4124 

1.781 

1.666 

4668.6 

6880 

6098 

.00707 


1,260,000 

.98170 

91 

1.2892 

1.666 

1.681 

8878.0 

4608 

4264 

.00862 


1,000,000 

.78494 

61 

1.1620 

1.681 

1.406 

8100.8 

8674 

8466 

.01060 


950,000 

.74618 

61 

1.1282 

1.468 

1.848 

2946.8 

8608 

8292 

.01116 


900,000 

.70724 

61 

1.0986 

1.487 

1.812 

2790.8 

8882 

8127 

.01179 


860,000 

.66862 

61 

1.0629 

L406 

1.281 

2686.8 

8162 

2968 

.01247 


800,000 

.62810 

61 

1.0806 

1.876 

1.260 

2480.2 

2992 

2799 

.01826 


760,000 

.68922 

61 

.9981 

1.848 

1.218 

2826.2 

2822 

2686 

.01418 


700,000 

.64964 

61 

.9689 

1.812 

1.187 

2170.2 

2660 

2471 

.01614 


660,000 

.61020 

61 

.9288 

1.260 

1.126 

2016.2 

2448 

2282 

.01680 


600.000 

.47146 

61 

.8928 

1.284 

1.109 

1860.2 

2286 

2098 

.01767 


660,000 

.48181 

87 

.8688 

1.166 

1.081 

1708.0 

2064 

1926 

.01926 


600,000 

.89287 

87 

.8184 

1.109 

1.000 

1648.2 

1894 

1766 

.02116 


460,000 

.86284 

87 

.7721 

1.062 

.937 

1898.4 

1724 

1601 

.02849 


400.000 

.81481 

87 

.7280 

1.081 

.906 

1288.6 

1668 

1486 

.02648 


360,000 

.27611 

19 

.6786 

.968 

.848 

1088.84 

1846 

1248 

.08026 


300,000 

.23691 

19 

.6286 

.921 

.796 

926.01 

1174 

1088 

.08681 


260,000 

.19686 

19 

.6788 

.876 

.760 

771.67 

986 

907 

.04288 

0000 

211,600 

.16609 

19 

.6276 

.812 

.687 

668.14 

800 

746 

.04997 

000 

167,772 

.18186 

7 

.4644 


.671 

612.07 

668 

604 

.06288 

00 

138,079 

.10429 

7 

.4184 

.687 

.626 

406.98 

622 

482 

.07886 

0 

106,626 

.08808 

7 

.8684 

.640 

.678 

822.89 

424 

888 

.10007 

1 

88,694 

.06699 

7 

.8279 

.698 

.681 

266.46 

828 

808 

.12617 

2 

66,868 

.06206 

7 

.2919 

.681 

.468 

202.60 


246 

.16726 

8 

62,624 

.04182 

7 

.2601 

.468 

.421 

160.60 

206 

190 

.19827 

4 

41,788 

.08276 

7 

.2816 

.487 

.890 

127.40 

170 

166 

.26000 

6 

26,244 

.02069 

7 

.1886 

.406 

.869 

80.10 

116 

108 

.89767 


The table herewith gives the approximate drop 
in voltage of a 250 volt two-wire system with con¬ 
ditions of trolley and feeder as ordinarily encoun¬ 
tered in the average coal mine. 

Loss of Voltage in Mines (Two Wire System) 


850 Tolts at MIim Bntranoa. Track Bcalatanoc Bqaal to Orcr- 
licad Bealataiioe, 100 AmporM in Cixonit. 



Volts Loss 

Volts Between Track 
and Trolley 

Distance in 


One 4-0 

One 4-0 


One 4-0 

One 4-0 

Mine 

One 4-0 

Trolley 

Trolley 

One 4-0 

Trolley 

Trolley 

in Feet 

Trolley 

and 

and 

Trolley 

and 

and 


Only 

one 4-0 
Feeder 

two 4-0 

Feeders 

Only 

one 4-0 

1 Feeder 

two 4-0 
Feeders 

1,000 

10 

6 

3 

240 

246 

247 

2,000 

19 

10 

6 

231 

240 

244 

8,000 

29 

14 

10 

221 

236 

240 

4,000 

39 

19 

13 

211 

281 

237 

5,000 

49 

24 

16 

201 

226 

234 

6;ooo 

59 

29 

20 

191 

221 

230 

7,000 

68 

34 

23 

182 

216 

227 

8,000 

78 

39 

26 

172 

211 

224 

9,000 

88 

44 

29 

162 

206 

221 

10.000 

98 

! 48 

33 

152 

201 

214 

12,000 

117 

59 

39 

133 

191 

211 

16,000 

! 146 

1 

73 

1 

104 

177 

201 


SECTION V. 


To Find Voltafe at Any Other Current:—^Divide current in 
amperes by 100 and multiply the result by the volts loss in the 

iMOle. 

Example:—Required, voitagre between trolley and track, in 
a mine usine 4-0 trolley and one 4-0 feeder at a point 8000 feet 
from the mine entrance. Current 600 amperes. 

Solution:—Volts loss with 4-0 trolley and 4-0 feeder at 
3000 feet equals 14. 500 amperes divided by 100 equals 6. 6 

multiplied by 14 equals 70 equals volts loss. 260 volts at mine 
entrance less 70 volts loss equals 180 volts between trolley 
and track. 

To find loss in mine usin^ 8-0 trolley or feeder, multiply 
loss in Table by 1.261. 

To find loss in mine using 2-0 trolley or feeder multiply 
volts loss in table by 1.609. 

Example:—Required, voltage in mine using 3-0 trolley and 
two 8-0 feeders at a point 6,000 feet from the mine entrance, 
current 100 amperes. 

Solution:—Look in Table and find under one 4-0 trolley 
and two 4-0 feeders and opposite 6,000 feet the loss to be 16 
volts. Multiply 16 by 1.261, which gives 20 volts. 250 volts 
minus 20 volts equals 230 volts equals answer. 

To find current taken by a 260 volt motor, multiply the 
horsepower by three. 

To find current taken by a 600 volt motor, multiply the 
horse power by one and one-half. 


BEBATITE RESISTANCE OF METAXS AND AXEOTS 

Copper .1.00 Iron (annealed). 6.14 

Silver (hard drawn).1.00 Nickel (annealed). 7.86 

Gold (hard drawn).1.81 Tin (pressed). 8.29 

Zinc (pres.sed).3.55 Lead (pressed).12.15 

Brass (35% Zinc).4.65 German Silver.13.16 

Platinum (annealed).5.70 Mercury .59.50 
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TRANSFORMER DATA. 


TRANSFORMERS FOR SUPPLYING LIGHTING AND POWER SERVICE 
Standard Types, Frequencies, Sizes and Voltage Ratings 


Note.—Voltage ratings in bold type will be considered the normal roltage ratings of these lines and guarantees will be made only on tliese normal voltage ratings. It Is 
understood, however, that where a transformer Is suitable for operation at two voltage ratings or at three voltage ratings, this flexibility will be definitely Indicated 
on the name plate, on the connection diagram or on a paster inside the transformer cover. 


STANDARD TYPES 
Oil Immersed—Self Cooled 


TABLE I—SINGLE PHASE DISTRIBUTION TRANSFORMERS 
SIZES 200 KV.A. AND BELOW 

STANDARD SIZES IN KV-A. CONTINUOUS RATINGS AT 55 DEG. C. RISE 

1.5-2.5-3-5-7.5-10-15*25-37.5-50-75-100-1.'0-200 
Note.—See following Table for sizes that are standard for the various system voltages. 


STANDARD FREQUENCIES 

2.5 Cycles per Second 
(JO Cycles per Second 


Standard 

System 

Voltages 




For Supplying 

Service 

Voltages 600 and Below 

Standard Sizes 
for Each 

Voltage Class 

Transformer High Voltage Ratings 
fur Operation from Various 
Standard System Voltages 

Transformer Low Voltage Ratings 
for Supplying Service Vol¬ 
tages 600 and Below 

f 

On Full 
Winding 

1 Approximately 

1 on Taps 

! 

1.5-3 to 100 Incl. 

440 

460 

460 

1 

1 

1 


..to 110/220 
..to M5/230 
..to 120/240 

1.5-3 to 100 Incl. 

550 

575 

600 

1 

1 


..to 110/220 
..to 115/230 
. .to 120/240 

1.5-3 to 200 incl. 

2200 

2300 

2400 



.. .to 110/220. .or to 220/440. .or to 550 
.. .to 115/230. .or to 230/460. .or to 575 
.. .to 120/240. .or to 240/480. .or to 600 

1.5-3 to 200 incl. 

2200/4400 

2300/4600 

2400/4M00 



.. .to 110/220 
...to 115/230 
.. .to 120/240 

1.5-3 to 200 incl. 

i 

6600/11430Y 
6900/11950Y 
7200/12470Y 

6300 6000 
6585 6275 
6875 654.5 

5700? 

5960* 

6220^ 

.. .to 110/220. .or to 220/440. .or to 550 
.. .to 115/230. .or to 230/460. .or to 575 
.. .to 120/240. .or to 240/480. .or to 600 

2.5-5-10 to 200 Indl 

11000 

11500 

1 

110450 9900 

110925 10350 


.. .to 110/220. .or to 220/440. .or to 550 
.. .to 115/230. .or to 230/460. .or to 575 

2.5-5-10 to 200 incJ 

13200 

13800 

112540 11880 

113110 12420 


.. .to 110/220. .or to 220/440. .or to 550 
.. .to 115/230. .or to 230/460. .or to 575 

5-10 to 200 incl. 

22000 

23000 

120900 19800 
121850 20700 

1 

.. .to 110/220. .or to 220/440. .or to 550 
... to II5/230.. or to 230/460.. or to 575 . 

10 to 200 Incl. 

33000 

34500 

1 

131350 29700 
132775 31050 

I 

1 

.. .to 110/220. .or to 220/440. .or to 550 1 
.. .to 115/230. .or to 230/460. .or to 575 i 

1 


Note—^Transformers having low voltage rating of 115/230 for sizes 100 
kv-a. and below are arranged for series, multiple or three-wire service 
by connection of the low voltage loads outside of the transformer tank: 
whereas, sizes 150 and 200 kv-a. are suitable for series or three-wire 
service only. Transformers having low voltage rating of 230-460 for ' 
sizee 200 kv-a. and below, are suitable for series or multiple service | 
only. 

These odd taps for distribution transformers of the 6600-volt class are 
chosen because of present established practice. 


For Supplying Distribution Voltages Above 600 


Transformer High VolUge 
Ratings for Operation from 
Various Standard System Voltages 

I Approximately 

On Full i--- 

Winding On 5% | On 10% 


Transformer Low 
X'oltago Ratings for 
Supplying Nominal 
2300- or 4000-volt 
Distribution 


6600/11430Y 

6270 

5940 

IIOOO 

10450 

9900 

13200 

12540 ^ 

11880 

22000 

20900 

19800 

33000 

31350 

29700 


.to 2300 (See Note) 


...to 2300/4000Y 


.to 2300/4000Y 


.to 2300/4000Y 


.to 2300/4000Y 


nominal 2300- or 4000-volt di.stribution and having voltage ratings 
listed above, will bo designed for successful operation when excited 
on full winding at 5% above their rated voltage, 
tansformers having voltage ratings of 6600/11430Y to 2300, are when 
operated in bank, suitable for transforming from 6600 to 2300; from 
6600 to 4000Y or from 11430Y to 2300. They should not be used 
connected in “Y" on both high and low voltage sides simultaneously 
to transform from 11430Y to 4000Y as this connection may result in 
excessive stress in the windings due to harmonic voltages._ 


vrtthout exceeding guaranteed temperature rise. 


STANDARD TYPES 

Oil Immersed—Self Cooled 


TABLE II—THREE PHASE DISTRIBUTION TRANSFORMERS 
SIZES 200 KV-A. AND BELOW 

STANDARD SIZES IN KV-A. CONTINUOUS RATINGS AT 55 DEG. C. RISE 

5-7.5-10-15-25-37.5-50-75-100-150-200 

Note.—See following Table for slzee that are standard for the various system voltages. 


STANDARD FREQUENCIES 
25 Cyolee per Second 
60 Cycles per Second 


Standard System 

Voltages 1 

Standard Sizes for 

Each Voltage Class 

For Supplying Servleo Voltagos 600 and Below 

Transformer High Voltage Ratings 
for Operation from Various 

Standard System Voltages 

Transformer Low Voltage Ratings for 
Supplying Service Voltages 600 and Below 



On Pull 

Winding 

Approximately on 

10% Tap 




220(V3810Y 


.to 220/440 

2300 

5 to 200 incl. 1 

2300/4000Y 


.to 230/460 



2400/4150Y [ 





4400Y 


.to 220/440 

4600 j 

5 to 200 Incl. 1 

4600Y 1 


.to 230/460 



4800Y 1 


.to 240/480 

i 

1 

6600Y 

5940 

;.to 220/440 

6600 i 

10 to 200 incl. , 

6900Y 

6210 

.to 230/460 



, 7200Y 

6480 


11000 

10 to 200 Incl. 

IIOOOY 

9900 

.to 220/440 



II500Y 

10350 

.to 230/460 

13200 1 

• 10 to 200 incl. 

13200Y 

11880 

.to 220/440 



1 I3800Y 

12420 

.to 230/460 

22000 

15 to 200 Incl. 

22000Y 

19800 

.to 220/440 



23000Y 

20700 


33000 

37.5 to 200 incl. 

' 33000Y 

29700 

...to 220/440 



34500Y 

1 31050 



Note.—All sizes of distribution transformers haring low voltage ratings of 230/460 are 
I suitable for series or multiple three-phase service only by proper connection inside 

of the tank. 

Standard transformers having voltage ratings listed above will be designed for full rated kv-a. output at any specified tap voltage without exceeding temperature rise. 
In general standard three-phase distribution transformers are not suitable for multiple operation with a bank of standard single-phase distribution transformers as the 
angular displarcement, turn ratio and Impedance volts on which successful multiple operation depends are generally different on three-phase and single-phase transformers. 

(Adopted Standard to take effect January 1, 1921.) 
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;g TRANSFORMER DATA. 


STANDARD TYPES 

Oil Ijninened— 8 «lf Cooled 
Oil Immersed—Wster Cooled 
Air BUst 


TABLE III—SINGLE PHASE POWER TRANSFORMERS 
Sizes Above 200 KV-A. 

For Supplying Lighting and Power Service.. Standard Types. Frequencies. Sizes and Voltage Ratings. 
STANDARD SIZES IN KV-A. CONTINUOUS RATINGS AT 55 DEG. C. RISE 

Oil Immersed—Self Cooled Oil Immersed—Water Cooled or Air Blast 


Note—^The appllcatiou of Air Blast 
Transformers should be confined 
to systems where the voltage 
does not exceed 25.000 


250 

667 

1667 

5000 

500 

1250 

3333 

333 

833 

2000 

6667 

667 

1667 

5000 

400 

1000 

2500 

8333 

K33 

2000 

6667 

500 

1250 

3333 

10000 

1000 

2500 

8333 


STANDARD FREQUENCIES 

25 Cycles per Second 
60 ('ycles per Second 


ceed 25.000 Note—See following table for sixes that are standard for the various system voltages. 

STANDARD SIZES. VOLTAGE RATINGS AND TAPS OF SUBSTATION TRANSFORMERS FOR THE VARIOUS SYSTEM VOLTAGES 


For Supplying Service Voltages 600 and Below 


Standard Sizes 

Transformer High \'olUge Ratings 1 

for Each 

for Operation from 

Various 1 

Voltage Class 

Standard System VolUges 

[ 

011 Immersed 

On Full 

Approximately on Taps 1 

Winding 




.. 

roni«>d 



2V4%| 

5% |7H%| 10% 

250 to 500 Incl. 

2200; 

1 

2I45I 

1 

20901 

203.3 

198o! 


2300 

2245 i 

2185 

2130 

2070 


2200, 

1 

2000 


1980 

250 to 500 incl. 


4290| 


4070 


4400 

4180 

3960 


2300 

1 

2185 


2070 



44851 

— 

4255 



4600 

1 

4370 


4140' 

250 to 500 Incl. 

66001 

64351 

6270 

6105 

5940 

6900' 

6730 j 

6555 

6385 

6210 

250 to 500 Incl. 

1 

lioool 

11500 

107251 

11215| 

10450 

10925 

10175 

10640 

9900 

10350 

250 to 500 incl. 

1320ol 

13800 

128701 

13455| 

12540 

13110 

12210 

12765 

11880 

12420 

250 to 500 Incl. 

22000 

214501 

20900 

20.350 

19800 

23000 

224 2.’) 1 

21850 

21275 

20700 

250 to 500 incl. 

.33000' 

321751 

31350 

30525 

29700 

34500 

.3.36401 

.327751 

.31915 

.310.30 


For Supplying Distribution Voltages Above 600 


Suiidard Sizes 
for 

Each Voltage Class 


Transforiner High Voltage Ratings 
for O[>eration from \ arious 
Standard System Voltages 


plying Service Voltages 600 and Below 


Oil 

Immersed 

Self 

Cooled 


OH I 9“ I ^*’***' 

Immersed 1 - 

WalerCooled I Wind-| 
or Air Blast 


4i)i>roximately on Taps 

^ i” I 

5% 17^%! 10% 


. .to 220/110 (3-wire). .or to 220/440 or to 550 
. .to 230/115 (3-wire). .or to 230/460 or to 575 


5940 .to 220/440 or to 550 250 to 

6210.to 230/460 or to 575 lOOO incl. 


.to 220/440 or to 550 250 to 


.to 230/460 or to 575 2500 incl. 

.to 220/440 or to .550 250 to 
.10 230/460 or to 575 2500 incl. 


500 to 
2500 Incl. 


5000 incl. ' 110001 10725 


500 to I 

.5000 incl. 132001 12870 


500 to I 

5000 incl. L 220001 21450 


Transformer 
Low Voltage 
Ratings for 
Supplying Nominal 
2300 or 4000-volt 
Distribution 


6270 61051 5940.to 2300/4000Y 

10450 10175 DOOcj.to 2300 4000Y 

12.540 12210 llSSflj .to 2300 4000Y 

20900 20350 lOSOol... .to 2300y4000Y 


!00j.....to 2300/4 


Note-Transformers having low volUge rating of 2.30/115 are arranged /or wrlw 
or three-wire service only. Transfonners having low voltage rating of 230/460 
are suitable for series or multiple service only. 


)lncl. 330001 321751 318501 305251 2970(1.to 2300/AO ftOY 

Note-Standard Single-phase SubsUtlon TraiirforuT 
ers for supplying nominal 2300 or 4000-volt dls- 
baving voltage ratings listed above 
wiU 1 ^. de.signed for successful operation when 
excited on full winding at 5% above their rated 
voltage. 


STANDARD TYPES 

OH Immersed—Self Cooled 
Oil Immeraod—Water Cooled 
Ail Blast 

Note.—The application of Air Blast 
Transformers should be confined 
to systems where the voltage 
does not exceed 25.000. 


TABLE IV—THREE PHASE POWER TRANSFORMERS 

Oil Immersed—Self Cooled Oil Immersed—W’ater Cooled or Air Blast 


(Adopted Standard 5-30-1918.) 


300 1200 3750 15U0U xouu /ouu iJUUUU STAMDAUn ancniiraicit>« 

450 1500 5000 20000 1000 3000 10000 STANDARD FREQUENCIES 

600 2000 6000 25000 1200 3750 15000 25 Cycles per Second 

750 2500 7500 30000 1500 5000 20000 60 Cycles per Second 

1000 3000 10000 2000 6000 25000 

Note.—See following Table for sizes that are standard for the various system voltagas. 

OLTAGE RATINGS AND TAPS OF SUBST ATION TRANSFO^ERS FOR THE VARIOUS SYSTEM VOLTAGE S 

_ For Supplying DIstrlbutioii Volta ges Above 600 

' fro^**\ a^ous** Standard Sizes Transformer High VolUge 

tern VolUaes Transformer Low Voltage Ratings for Each Rating for Operation from Varl- Transformer Low 

for Supplying Service Volt- \olugo Class ous Htanda,rd System Voltages Voltage Rating 

_ages 600 and Below —77 ZI' i~ -- Supplying 

on run °“ 

^ 1 IQW Cooled or Air Blast Winding | 5% 1 10% 


Stan¬ 

dard 

System 

SUndard Sizes 
for Each 
Voluge Ciaas 

Transformer High VolUge Ratings 
for Operation from A'arious 
Standard System VolUges 

Transformer Low Voltage Ratings 
for Supplying Servlco Volt- 
aires 600 and Below 

Volt¬ 

ages 

Oil Immersed 
Self Cooled 

On Pull 
Winding 

Approximately on Taps 

5% 1 10% 



2300 

300 to 1500 Incl. 

2200/3810Y 

2300/4000Y 

2090/3615Y 
218,5/3785Y 

1980/3430Y 

2070/3585Y 

.to 220/440... 

.to 230/460.. 

.or to 550 
.or to 575 



2200 Y 

2090 

1080 

.to 220/440... 

.or to 550 

4600 

.300 to 1500 Incl. 

4400Y 

2300Y 

4180 

2183 

3960 

2070 

.to 230/460.. 

.or to 575 



4600Y 

4370 

4140 



6600 

300 to 1500 Incl. 

6600Y 1 

6900Y 1 

6270 

6555 

5940 

6210 

.to 220/440.. 

.to 230/460.. 

.or to 550 
.or to 576 

11000 

300 to 1500 Incl. 

IIOOOY 1 

II500Y 1 

10450 

10925 

9900 

10350 

.to 220/440.. 

.to 230/460.. 

.or to 550 
.or to 575 

13800 

300 to 1500 Incl. 

1.3200Y 1 

I3800Y 1 

12540 

13110 

11880 

12420 

.to 220/440... 

.to 230/460... 

.or to 550 
.or to 575 

22000 

300 to 1500 IncL 

22000Y 1 

23000Y 1 

20900 

21850 

19800 

20700 

.to 220/440... 

.to 230/460... 

.or to 550 
.or to 575 

33000 

300 to 1500 incl. 

.3.3000Y I 

34500Y 1 

31350 

.32775 

29700 

31050 

.to 220/440... 

.tn 230/460... 

.or to 560 
.or to 575 


1 



300 to 
3000 incl. 


300 to 
7500 incl. 


300 to 
7500 incl. 


300 to 
7500 IncL 


300 to 
7500 incl. 


750 to 
15000 incl. 


750 to 
15000 Incl. 


750 to 
15000 incl. 


750 to 
15000 incl. 


I Note—Standard Three-phase SubsUtlon Tnms- 

Note.—Transfonners having low voltage rating of 230/460 are sulUble for formers for supplying nominal 2300-volt distiibu- 

serles or multiple service only. tion and having voluge ratings listed above, will 

w designed for successful operation when ex- 
voluge”" 5% above their rated 

Standard Three-phase SubsUtlon Transformers hav¬ 
ing voltage ratings listed above are not suitable 
for supplying 4000-volt distribution as such ser¬ 
vice would necesslUte "Y” oonnecUon on both 
high and low volUge sidea aimuJtaneoualy and 
this connection may result in excessive stress In 
______ the windings due to harmonic volUgea _ 

rrri Vnitam ratinm in bold tvpe will l)e coiusldered the normal voltage ratings of these lines and guarantees will be made only on these normal volUge ratings. It is understood, 
where a transformer is suitable for oiwration at two voltage ratings this flexibility will be definitely indicated on the name plate, on the connection diagram or on 

• ratings listed above will be designed for full rated kv-a. output at any specified tap volUge without exceeding guaranteed temperature Hsbl 

SUndard transfonners having voltage ra s (Adopted SUndard 5-23-1919.) Publislied by the Electric Power Club. 
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GENERAL ELECTRIC COMPANY 

General Office: SCHENECTADY, N. Y. 

Manufacturer of 

Complete Electrical Equipment and Supplies 




Alabama BirminghAB 
*Arlxoiia'. Phoenix 
Arkuuu, UtUe Bock 
CallforniA, Loo Angeles 
CaJifonda, San Frandsco 
Colorado, Denver 
ConnecUeut, Hartford 
Coonectlcot, New Haven 
Dktiiet of Columbia, Washington 
norida. JadooDvllle 
Oeorgia, Atlanta 
Illinois, Chicago 
Indiana. Fort Wajme 
Indiana. Indianapolis 
Indiana. Terre Haute 


Iowa. Des Moines 
Kentucky. Louisville 
Louisiana, New Orleans 
Maryland, Baltimore 
Massachusetts, Bostim 
Massachusetts, Spriogfleld 
Massachusetts, Worcester 
Michigsn, Detroit 
Michigan, Grand Rapids 
Michigan, Jackson 
Minnesota, Duluth 
Minnesota, Minneapolis 
Missouri. Joplin 
Missouri, Kansas City 


BRANCH OFnCES 
Missouri, St. Louis 
Montana. Butte 
Nebraska* Omaha 
New Jersey, Harrison 
New Jersey, Newark 
New Jersey, lYentoa 
New York, Buffalo 
New York, Elmira 
New York Cl^ 

New York. Niagara Falls 
New York. Rochester 
New York, Schenectady 
New York. Syracuse 
North Carolina. Charlotte 

*8outhwe8t General Electric Co. 


Ohio. Akron 
Ohio, Cincinnati 
Ohio, Cleveland 
Ohio. Columbus 
Ohio, Dajrton 
Ohio, Tbledo 
Ohio, Youngstown 
*Oklahoma, Oklahoma City 
•Oklahoma, Tulsa 
Oregon, Portland 
Pennsylvania, Erie 
Pennsylvania, Philadelphia 
Pennsylvania, Plttsbiugh 
Rhod* Island, Providence 
Tennessee, Chattanooga 


TennessM, Knoxville 
Tennessee, Memphis 
Tennessee, Nashville 
*Texas. Dallas 
^Texas, El Paso 
*Texas, Houston 
*Texas, San Antonio 
UUh, Salt Lake City 
Virginia, Richmond 
Washington, Seattle 
Washington, Spokane 
Washington, Tacoma 
West Virginia, Bluefleld 
West Virginia, Charleston 
Wisconsin, Mflwaukee 


DISTRIBUTOR FOR GENERAL ELECTRIC COMPANY OUTSIDE OF THE UNITED STATES 

mTERNATIONAL GENERAL ELECTRIC CO., mc. 

GENERAL SALES OFFICES: 120 Broadway, New York; Schenectady, N. Y. 

FOREiaV REPRESENTATIVES 


Afientlna: General Electric, 8. A., Buenoa Aires. 

Aimtralla: Australian General Electric Ch.. Ltd.. Sydney and Melbourne. 

Austria: Joh. Kremeneaky Fahrik Pur Electrische, Gluhlampen, Vienna; Electrisebe— 
Gluhlampenfabrick “Watt”, A. G., Vienna. 

Belgium and Colonies: Soclete d’Electridte et de Mecanique (Procedes Thomson-Houston k 
Carels). Soclete Anonyme, Brunels. 

Brasil: General Electric, S. A., Rio de Janeiro and Sao Paulo. 

Canada: Canadian General Electric Co., Ltd., Toronto. 

Chile: International Machinery Company. Santiago. Antofagasta and Valparaiao; Nitrate 
Agencies, Ltd., Iquique. 

China: Andersen, Meyer k Company. Ltd, Shanghai; International General Electric Co¬ 
lne. (General Oflke for the Far East, excluding China and Japan), ShangbaL 

Columbia: Wcsaelhoeft k Poor, Medellin, Baranquilla, Bogota and Bucaramanga. 

Cuba. General Electric Company of Cuba, Havana and Santiaga 

Dutch East Indies: International General Electric Co., Inc., Soerabaia, Java. 

Ecuador: Carloa Cordoves, Guayaquil. 

Egypt: British Thomson-Houston Co., Ltd., Cairo. 

Prance and Colonies: Compsgnle Francsise Thomson-Houston, Paris France; Compagnie des 
Lampes, Paris; International General Electric C^ompany, Inc., Paris. 

Great Britain and Ireland: BrlUah Thomson-Houston Co., Ltd. Bughy; International 
General Electric Ca, Inc., London. 

Greece and Colonies: Cle. Hellenique d’Electricite, Athens. 


Hcdland: Philips Gloellsmpen Fabrieken, Eindhoven. 

Hungary: United Incandescent Lamps and Electrical Co., Ltd., Ujpest, near Budapest. 

India: British Thomson-Houston Co., Ltd., (Calcutta and Bombay; International General 
Electric Company, Inc., Calcutta and Bombay. 

Italy and Colonies: Compagnla Oenende Di Elettricita, Milan; Fabbrica Lampade Itala, 
Milan; Societa Edison per la Fabbrlcaaione della Lampade, Milan. 

Japan: International General Electric Co., Inc., Yokohama; Sbibaora Engineering Works 
Tokyo; Tokyo Electric Co.. Ltd., KawasaU. 

Mexico: Mexican General Electric Ca, City of Mexico. Monterey, Guadalajara. 

New ISealand: National Electrical k Engineering Ca, Ltd, Auckland, Dunedin, Chrlst- 
church, and Wellington. 

Paraguay: General Electric, 8. A., Buenos Aires, Argentina. 

Peru: W. B. Grace k Lima. 

Philippine Islands: Pacific Commercial Company, Manila. 

Porto Rico: International General Electric Co., Inc., San Joan. 

Portugal and Colonies: Sociedad Iberlca de Constracciones Elertrlcas, Lisbon. 

Russia: Wseobshtebaia Electricbeakala Kompania, Petrograd and Vladivostok. 

South Africa: South African General Electric rJo., Ltd., Johannesburg and Capetown. 

Spain and Colonies: Sbeiedsd Iberica de Constnicclones Electricas, Madrid and Barcelona. 
Uruguay: General Electric, S. A., Montevideo. 

Venesuela: Wesmlhoeft k Poor. Caracas. 


Products 

The General Electric Company manufactures 
complete electrical equipment for mines, including 
that for generating and distributing power, electric 
motors and control for driving various machines 
about the mine and mill and still other electrical 
apparatus for supplying heat and light. 

Many mine operators standardize on G-E elec¬ 
trical equipment. With all electrical apparatus 
built by one company, tested and assembled for 
operation, units are interchangeable and fewer 
renewal parts are required. 

Where to Get G-E Products 

Contact with users of G-E equipment is main¬ 
tained through Sales Offices. It is directed from 
the General ^ce at Schenectady, N. Y., through 
branch offices listed above which embrace the 
whole country. Warehouses, conveniently placed, 
insure prompt deliveries. 

G-E motor dealers, headquarters for standard 
motors and repair service, are located in every city 
and large town. Small G-E electrical devices are 
sold by electrical supply and appliance stores 
everywhere. 

Engineering Service 

The factories, engineers, and other facilities of 
the General Electric Company are at the disposal 
of all those in authority and responsible for the 
successful operation of mine equipment. 

MINING CATALOG 


At each district office are specialists of the Com¬ 
pany who are at your service. They give cordial 
co-operation to mine operators in ne^ of informa¬ 
tion on electrical matters. 

Descriptive Publications 

To assist in the proper selection of G-E equii>- 
ment and supplies, either new or for renewals, 
many G-E publications are 
available. 

The General Catalog, dis¬ 
tributed to users of G-E 
equipment, gives descrip¬ 
tions and data on practically 
all G-E products and, in some 
cases, prices and identifica¬ 
tion for ordering. 

Special bulletins and leaf¬ 
lets give more detailed in¬ 
formation on many subjects. 

They are readily obtainable 
upon request from G-E Sales 
Offices. Many of these are 
referred to by number in the 
following pages to help readers to secure addi¬ 
tional information desired. 

Supply Parts Bulletins and Renewal Parts Cat¬ 
alogs make it easy to order G-E renewal parts 
accurately and quickly and thus help you to main¬ 
tain equipment with supplies made by the original 
manufacturer. The Renewal Parts Catalogs are 
specially compiled to cover G-E equipment in use. 
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GENERAL ELECTRIC COMPANY. 
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Hydro-Electric Statimi Equipment 

This Company manufactures water-wheel driven 
srenerators ranging in capacity from 30 to 40,000 
kv-a. Both the horizont^ and vertical types are 
individually designed to meet most efficiently the 
various requirements imposed by the supply of 
water available and the operating conditions in¬ 
volved. Bulletin 40601 gives information on the 
30 to 625 kv-a. sizes. Large installations are illus¬ 
trated in Bulletin 40600. 



Three G-E Water Wheel Driven Generators, Cleveland- 
ClifTs Iron Company, Ishpemingr. Mich. 


In addition to water wheel driven generators, 
complete G-E electrical equipment for hydro-elec¬ 
tric stations is available and the service of the 
Company’s engineers is at your disposal to assist 
in selecting apparatus. 

Curtis Steam Turbine Generators 

The Curtis steam turbine, as manufactured by 
the General Electric Company, is distinguished by 
its low cost of operation and reliable service. The 
exhaust steam from the turbine is free from oil and 
may be used for heating the boiler feed water, or 
for heating the building, or for other low-pressure 
purposes. 

G-E Curtis turbines are built in sizes of from 
10 kw. upward for d-c generators, and from 100 kw. 
upward for a-c generators. The turbine-generator 
sets are design^ for continuous operation under 
the varying conditions of load found at mines. 

Mechanical Drive Turbines—A special form of 
this turbine is widely used for driving centrifugal 
pumps, blowers and other like apparatus. It can be 
furnished with gears for medium and low-speed 
drives to insure speeds of both turbine and driven 
machine that give best efficiency. 

G-E Flow Meters 

The General Electric Company makes a com¬ 
plete line of flow meters for measuring the flow of 
steam, water, air, gas or oil through pipes. 

G-E flow meters are built in several types for 
various classes of work. They do not require ideal 
surroundings and constant expert supervision to 
keep them operating. (Bulletin 46501.) 

Automatic Station Equipment 

Automatic station equipment offers the most 
efficient and inexpensive means to obtain reliability 
of electrical service, which is of prime importance 
in mining and milling. It eliminates attendance, 
which is a large item of operating expense. G-E 
automatic switching equipment has proved success¬ 
ful for the control of synchronous converters and 
ssmchronous and induction motor generator sets 


and balancer sets in mining stations, steel plants, 
battery charging stations, and office buildings. 

Automatic mining substations improve voltage 
regulation without excessive installation of feeder 
copper. The greatest practicable continuity of 
service is obtained, with best voltage at points 
where most needed, and the least slowing down of 
production during overload periods. The equip¬ 
ment automatically protects itself against damage 
from abnormal conditions that may arise during 
operation. (Bulletins 47730, 62501 and 67712.) 

Mining Substation Equipment 

The General Electric Company makes standard 
equipment for mining substations of two types, 
i. e., with motor generators or synchronous con¬ 
verters. Each type is standardized for four sizes, 
100 kw., 150 kw., 200 kw., and 300 kw., the d-c. 
side being 275 volts. The motor generators and 
synchronous converters are designed for mine serv¬ 
ice, are highly efficient and capable of carrying 
150% momentary overloads. 

“Station layout” drawings have been prepared 
covering these equipments, these drawings giving 
the building dimensions, location of apparatus and 
a list of the cable, conduits, bushings, etc., required 
for the installation. This standardized equipment 
makes readily available a substation for use either 
above or under-ground and solves the power prob¬ 
lem, especially for mine operators who purchase 
their electrical energy. 



G-B Undergrround Substation Equipment, Republic Iron 
and Steel Company, Sayroton Mines. Ala. 

This equipment is suitable for operation in the 
humid atmosphere of underground locations. It 
must be protected from submersion or from drip¬ 
ping water, however. 

D-C. Reclosing Feeder Equipment 

Automatic reclosing equipment is now available 
for 275-volt and 550-volt feeders. These are pro¬ 
vided with a circuit breaker which opens on over¬ 
load or short circuit and remains open till the 
overload or short circuit is removed. T^en it auto¬ 
matically recloses. (Bulletin 47716.) 

Belt Driven Generators 

G-E belt-driven, d-c. generators are built in ca¬ 
pacities from a fraction of a kilowatt to 300-kw. 
capacity, standard voltages. 

The a-c. generators are designed for various 
frequencies and voltages, from 7^^ to 550 kw. 

Bulletins are available. 

Steam Engine Driven Generating Sets 

This Company manufactures steam engine- 
driven sets, with either a-c or d-c generators. 
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in sizes ranging up to 60 kw. For mines buying 
their own power from power companies, it may be 
desirable to have a reserve installation. This need 
is satisfactorily met by a direct-connected generat¬ 
ing set, which will operate in parallel with other 
units. (Bulletin 42300.) 

Lightning Arresters 

The extensive use of high-tension current about 
mines makes it necessa^ to provide ample protec¬ 
tion against lightning in order that continuity of 
service and a minimum of operation and main¬ 
tenance losses may be assured. 

G-E lightning airesters are available for all 
needs. The oxide film type is for use on important 
a-c. systems of any voltage. Specially adapted for 
isolated stations and outdoor transformer installa¬ 
tions. (Bulletin Y-1441.) 

Smaller types are suitable for indoor or out¬ 
door use, on feeders at receiving points, on motor 
circuits, or at the terminals of even the smallest 
transformers. Ask for special bulletins. 

Synchronous Cmiverters 

For low-voltage industrial and electrolytic work 
the regulating pole or booster type, introduced by 
the General Electric Company, is recommended. 
By means of the booster the d-c. voltage can be 
varied 16% to 20% in either direction from the 
average. G-E synchronous converters are available 
for this service in capacity up to 8800 amp. Units 
for converting any small amounts of power can 
also be supplied. (Bulletin 62500.) 



G-E Synchronous Converters, Anaconda Copper MininiT Co. 

Transformers 

Transformers furnished for mine use are capa¬ 
ble of withstanding rough treatment in transpoii^- 
tion, as well as severe operating conditions. 
Reliability is the first consideration, and the many 
thousands now in service are evidence of ability to 
operate continuously with minimum losses and 
maximum factor of safety. 

Distribution transformers in capacities up to 
200 kv-a. are manufactured in standardized ratings 
and voltages, which have been carefully selected to 
meet all ordinary requirements. 

A standard line is built for service above and 
underground. “Specials” can be furnished for ex¬ 
traordinary service requirements. (Bulletin 45110.) 

Small Transformers—The G-E line of small air¬ 
cooled transformers and auto-transformers ranges 
from 15 watts up to 25 kv-a, 600 volts and below. 
These transformers are made for either indoor or 
outdoor service and are adaptable to the operation 
of small, low-voltage motors or lights from higher 
voltage circuits, signal lighting, two or three phase 
transformation, etc. (Bulletin 65105.) 


MINING CATALOG 


Switchboards 

The General Electric Company offers a com¬ 
plete line of reliably and correctly designed switch¬ 
boards for mine work. Prospective purchasers are 
invited to submit -their proposed installations to 
G-E specialists, who will submit sketches and speci¬ 
fications covering equipment best suited. 

Standard Unit Panels—^These panels have been 
developed for voltages up to 1200 direct current and 
3600 alternating current. They are so designed 
that they can be obtained in different combinations 



Switchboard, Inspiration Consolidated Copper Company. 

to form a complete switchboard. It is always 
advisable to use a Standard Unit Panel, because it 
is less expensive and can be secured in less time 
than special designs, though quality and workman¬ 
ship are the same. (Bulletin 47001.) 

Safety Enclosed Switchboards—Marked prog¬ 
ress has been made in developing means which will 
prevent accidental contact with live parts, and this 
development has also increased the efiiciency of 
operation by giving greater ease of inspection, 
adjustment and replacement. This Company has 
given much attention to this subject and has de¬ 
veloped several types of safety panels which have 
proved very successful in service. (Bulletins 67106, 
67100, and 67110.) 

Switchboard Devices and Instruments 

This Company is prepared to furnish with 
switchboards all of the equipment used in conjunc¬ 
tion with them. This includes a-c. and d-c. relays 
of various tjrpes, air and oil circuit breakers, lever 
switches, and meters and instruments with instru¬ 
ment transformers and other accessories. These 
devices can be also obtained separately. 

The G-E line of electrical instruments includes 
indicating and recording instruments, both switch¬ 
board and portable types, which are neat in appear¬ 
ance, substantial in construction, and unsurpassed 
in accuracy. Meters and instruments can be fur¬ 
nished for power plant use, for testing, and 
measuring currents in electrolsrtic work. 

Insulated Wires and Cables 

G-E insulated conductors include all types for 
the distribution of current for power and lighting 
in and about mines, armored cables, asbestos sta¬ 
tion cables, large cables for high-tension a-c. cir¬ 
cuits, weatherproof and slow-burning cables, etc. 
Mines needing cables for use in wet places, where 
corrosion is to be feared, for direct burial in the 
soil, or for vertical support in mine shafts, will 
find standard designs for their needs. 

Ask the nearest G-E Sales Office for descriptive 
bulletins, stating the kind of service you require. 
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Flood Lighting Projectors 

Flood lighting projectors are coming more and 

more-into use to facili¬ 
tate night work, espe¬ 
cially around electric 
shovels in open-cut min¬ 
ing. G-E projectors are 
the result of years of 
research and experience 
in manufacture. They 
are held in a water-proof 
casing, and supplied with 
either hing^ base, 
swivel or trunnion base, 
or swivel and pipe-stand 
^ .p. D . . l>®se. (Bulletin 43850B.) 

G-t Floodlight Projector ^ g Illuminating En- 

gineering Specialists will prepare specifications and 
make recommendations on any lighting proposi¬ 
tion, a service available at any time to mine officials. 


Headlight Turbine Generator Sets 

A 500-watt turbine generator set has been de¬ 
signed especially to supply power for headlights 
and cab lights. Its use has been extended to other 
applications, such as lighting around steam shovels, 
derricks, wrecking cranes, and drilling outfits. 

The set consists of a single-stage Curtis steam 
turbine direct connected to a compound-wound gen¬ 


erator which delivers energy at practically constant 
voltage under different lo^s. For industrial ap¬ 
plications, it is made for operation on 70- to 170-lb. 



Turbine Generator Sets on Locomotive and Steam Shovel 
Supplying: Current for Headligrht and Floodligrhts 

or 125-225-lb. boiler pressure, supplying 110 or 32 
volts. (Further details in instruction Book 
82014B.) 

Wiring Supplies 

Gr-E wiring devices meet every wiring require¬ 
ment. They include porcelain and other weather¬ 
proof types especially adapted for outdoor wiring. 
They are used to a large extent for the lighting in- 
staUations around mills, smelters, top works of 
mines, and at underground stations of the shafts. 
Send for Catalog Y-1270. 


ELECTRICALLY DRIVEN MACHINERY—MINE AND MILL 


Motor Drive for Mine Ventilation 

Metal mine ventilation must be studied under 
two distinct systems: First, where the whole mine 
is considered as one ventilation unit, and second, 
where the ventilation is applied by a number of 
units, often widely separated. The problems of 
motor drive in the former case are the same as in 
coal mining in which G-E engineers have had many 
years’ experience. 

For the first system the constant-speed squirrel 
cage induction motor offers ideal characteristics. 

The variable speed, induction motor has been 
widely applied and with entire success, save for the 
handicap inherent in the rheostatic control, i. e., 
a reduction in efficiency directly proportional to the 
reduction in speed. Consequently, the brush shift- 



100 H. P. V’^ariable Speed a-c Motor Driving Fan 


ing commutator type a-c. motor marks an im¬ 
portant advance in the application of motor drive 
to fan service. 

Another method applicable to variable speed in¬ 
duction motors involves the use of a polyphase com¬ 
mutator motor which returns the slip energy of the 
main motor to the system and gives a high effi¬ 
ciency over the entire operating range. 

In the second system small blower fans are 
located at points convenient to power source and 
as close as possible to the working to be ventilated. 
Electric power has made possible this system of 
ventilation, which is used even in those mines 
where a large central unit is installed for the tem¬ 
porary ventilation of workings difficult to reach 
with the main current such as winzes and raises. 

The motors to handle this class of work may be 
either a-c. or d-c., in many mines the current being 
taken from the trolley line. Motors must be made 
to withstand rough handling and operate efficiently 
with a minimum attention on temporary founda¬ 
tions in a humid and usually warm atmosphere. 
G-E motors have been successfully used in this 
work for years. Consult the nearest G-E Sales 
Office for assistance in solving your mine ventila¬ 
tion problems. 

Mine Pump Motors 

To meet rigid demands of mine pumping this 
Company has designed a special line of induction 
motors for direct connection to centrifugal pumps. 
As a protection against water and humidity, mois¬ 
ture resisting windings are used, enclosed in a rigid 
box type frame, and effectively cooled by self-ven¬ 
tilation. The motor is made more accessible for 
inspection by the use of split-end shields and bear- 
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ings, while large bearing surfaces and oil wells 
make frequent examination unnecessary. Built in 
sizes from 76 to 400 h. p., constant speed and vari¬ 
able speed types. Control equipment for these mo¬ 
tors can be supplied for either hand or automatic 
operation. (Bulletin 61301). 



G-E Motor Driving Centrifugral Pump, Red Ore Mines. 

Tennessee Coal, Iron and Railroad ComiMiny 

G-E vertical induction motors also have marked 
advantages for driving mine pumps. They are 
readily adaptable for installation in mine shafts or 
other convenient places, since the motor can be lo¬ 
cated at any convenient height above the pump. 
Electric Mine Hoist Equipment 

The use of electricity for operating hoists in 
mining districts is rapidly increasing. Particularly 
is this true in shaft mines and in localities where 
material must be carried across ravines on cable- 
ways. The economy of electric mine hoists has 
been so clearly demonstrated that many large com¬ 
panies have found it profitable within recent years 
to scrap all steam mine hoists and replace them 
with electric outfits. Electric hoists have also a 
superior speed control, they are simpler in oper¬ 
ation, they have a smaller number of parts, and 
they are lighter in weight, more compact and more 
fiexible. 



200 H. P. G-E Motor Driving First-Motion Hoist. Silver 
King Coalition Mine.s Company. Park City. Utah 


G-E mine hoist motors are the result of years 
of experience in applying many types for operation 
under all conditions. Complete control equipment 
can be furnished with each motor, either for hand 
control or for automatic hoisting. Bulletin Yllll 
gives a partial list of G-E installations and also an 
outline of the data required for estimating equip¬ 
ment needed. 

Motors for Driving Mill Machinery 

Mill machinwy today is very largely driven elec¬ 
trically because greater economy, as well as ex¬ 
treme flexibility, is obtainable. The motors are 


belted or geared, but direct-connected when the 
speeds are comparatively high. Some of the many 
applications in mill work are: Driving crushers; 
grinders; conveyors and elevators; concentrating 
devices, such as jigs and tables; screens and flota¬ 
tion machines; mechanical classifiers and thicken¬ 
ing tanks. The motors used in mill work must be 
so constructed as not to require^ ^ much attention 
and in spite of adverse conditions, su^ as moist 
and gritty air. 

Crushers and ball and tube mills require heavy 
duty motors with high starting torque, because the 
starting load is often nearly double the running 
load. Scores of successful G-E installations, large 
and small, for leading mining companies testify to 
the splendid operation of these motors. 

Electric drive has made possible the present ex¬ 
tensive use of all forms of conveyors and elevators. 
These have been instrumental in reducing milling 
costs and in making possible the modem form of 



Concentration Mill. Inspiration Consolidated Copper Co., 
with a G-E Motor Driving Each of the 40 Marcy Mills 

concentrating mill and metallurgical plant. G-E 
equipment is available for driving conveyors of any 
size for either constant or adjustable speeds, as 
well as for the operation of all forms of trippers. 

The General Electric Company was first to adapt 
vertical motors to the direct drive of mechanically 
agitated flotation machines, co-operating with the 
machine manufacturer. The successful operation 
of the original installation over a period of years 
as well as of numerous other similar installations 
attests to the suitability of this G-E equipment. 

Centrifugal Blowers 

The G-E Centrifugal Blower or Centrifugal 
Compressor is designed for large volumes and low 
pressures, such as are required for the operation of 
blast furnaces, powdered coal firing, ore flotation 
plants, copper converters, cupola blowing appara¬ 
tus and other equipment. 

An inherent characteristic of the blower is its 
ability to deliver practically constant pressure over 
a wide range of loads. This is of particular advant¬ 
age when the blower is supplying air to a battery 
of oil or gas fired furnaces, some of which may be 
shut down at times. 

The blower and driver being direct connected, 
means the minimum number of bearings, and elim¬ 
inates countershafts and other fixtures inherent in 
belt or chain drive. It also eliminates much lubri- 
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cation. The dimensions are small, so that small Air compressors lend themselves readily to 
floor space is required. (Bulletin 48609). drives by means of direct connected synchronous 

motors, especially the larger units. For belt, gear, 
or rope-driven types, the induction motor is used, 
as well as for direct drives of small compressors. 




G-E Motor Driven Compressors, Washoe Reduction Works, 
Anaconda Copper Mining Company 

Motor Drive for Mill Pumps 

Pumps used in mill work for pumping water, 
solutions, ore pulps, etc., give rise to many different 
problems in motor drives. The extensive experience 
of the General Electric Company in solving these 
problems in consultation with mill men gives as¬ 
surance of the correct solution of your problem. 



G-E Induction Motors Driving Pumps for Mill Water Supply 

Electrically Driven Dredges 

Because of the fire risk attendant upon the use 
of steam and the greater flexibility and usually 
lower cost of electrical power, most of the modem 
dredges are electrically driven. Motors for this 
work must be very strong to withstand the heavy 
service to which they are submitted. The motor 
attached to the digging ladder must, especially, 
have a high overload factor to overcome excessive 
strains when anchored boulders are encountered. 

The ej^erience of the General Electric Company 
in outfitting some of the largest dredges recently 
put into commission, as well as many of the smaller 
ones enables it to recommend the best equipment, 
both as to motors and control, for this purpose. 
Consult the nearest G-E Sales Office. 

Electric Drive for Air Compressors 

The air compressor is the heart of the modem 
metal mine of any size, as well as of many rock 
quarries. The amount of drilling done for blast¬ 
ing is dependent upon a constant and sure supply of 
air, and on the amount of rock drilled and blasted 
depends the output of the mine. 

SHX3TION V. 




G-E Synchronous Motors Driving Air Compressors, 
Inspiration Consolidated Copper Co., Miami, Ariz. 
Electrically Driven Automatic Hoist in Background 

Synchronous motors are particularly desirable 
when power is purchased at a rate which is de¬ 
pendent upon the power factor of the load. 

G-E synchronous motors cover a wide range of 
speeds and capacities. The nearest G-E Sales Office 
will give you further information. 

Electrically Driven Air 
Compressors 
It is often desirable 
to obtain small amounts 
of air where a perma¬ 
nent compressor plant 
would not be justified. 

This Company has 
adapted its small recip¬ 
rocating compressors, 

such as are used to sup- I’ortaUle Atr compressor 

ply air brakes on electric railways, for operating 
pneumatic tools in the repair shop or for under¬ 
ground drilling. Being self-cool^ rather than 
water-cooled, this machine has a decided advantage. 
These compressors are built as a unit with either 
induction motors or d-c. motors, and are furnished 
complete, either stationary or portable. (Bulletin 
48610.) 

Electric Shovel and Locomotive Crane Equipment 
The electric shovel is a new development, the 
possibilities of which are being recognized more 
and more by quarrying and mining companies. The 
present high prices of coal, shortage of labor, and 
general need of economical and increased produc¬ 
tion are causing progressive companies to adopt 


Crowding Motor and Controller on a 65-Ton Electric 
Shovel Equipped with Four G-E Motors 
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lartre electrics in preference to steam shovels to 
increase the efficiency of their operating systems. 

The success of the larger shovels in stripping 
has led to their development in other fields, such 
as excavating and loading ore directly into the 
dump cars. For this work they are especially appli¬ 
cable, due largely to the greater amount of material 
within reach of the large shovel at one setting. 



G-E Motors and Control on 300-Ton Electric Strlppinsr Shovel 


The General Electric Company has furnished 
complete electrical equipment for some of the 
largest shovels now in operation. This machinery 
consists of motor generator sets, motors for hoist¬ 
ing, swinging, crowding and tripping, together with 
a variety of control equipment. G-E series direct 
current'motors are furnished for this service in 
conjunction with differential wound generators 
with voltage control. Progress is constantly being 
made in the perfection of electrical control for 
shovels which is destined to make their advantages 
even more significant in the future. 

Explain your needs to the nearest G-E Sales 
Office. 

Aerial Tramways and Cableways 

This is another field in which electric drive has 
recently made rapid advancement. One reasoh for 
this is that electric power lends itself so readily to 
automatic or semi-automatic control. In digging 
or loading, cableways dumping at a fixed point or 
points, can be made absolutely automatic, reducing 
the labor costs and speeding up the work. In tram¬ 
way work, especially with continuous tyi)es, electric 
drive reduces the power consumption and gives 
steadier operation. Consult G-E engineers on new 
construction or electrification of your present in¬ 
stallation. 


ELECTRIC FURNACES AND EQUIPMENT IN METALLURGY 


Electric Melting Furnaces 

For melting non-ferrous metals and alloys, the 
General Electric Company has developed two types 
of furnaces, the muffied arc type and the induction 
iype. In general the muffled arc furnace is suit¬ 
able for intermittent service in small foundries, 
whereas the induction furnace finds its field in 
larger foundries and rolling mills where the melt¬ 
ing operation is more or less continuous and the 
production is of large volume. 

The induction 
furnace is a new 
development and 
combines in itself 
all the characteris¬ 
tics and advantages 
of this type of fur¬ 
nace, together with 
several new fea¬ 
tures such as pre¬ 
formed lining and 
automatic uni-direc¬ 
tional circulation of 
the metal. These 
features are of ex¬ 
treme importance, 
75 kw. G-B ^Repulsion Induction ^3 they directly af¬ 
fect the quality of 
the product and the cost of operation. 

Both types of furnace are very efficient and 
economical to operate. They will produce metal of 
the highest quality with the minimum loss of vola¬ 
tile alloys. Furnaces are supplied complete with all 
electrical equipment and accessories, and are built 
in various capacities to meet the needs of the in¬ 
dustries. (Bulletins 69710 and 69711.) 

The G-E horizontal ring type induction fur¬ 
naces are principally for the refining of steel, 
cast iron and malleable iron of high quality. 
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Other uses are the 
reclamation of ex¬ 
pensive alloy steel, 
and the melting of 
ferro - manganese 
preparatory to al¬ 
loying steel in the 
liquid state. 

Consult G-E 
furnace specialists 
for detail infor¬ 
mation concerning 
these furnaces and 
their application. 
Arc Furnace Equipment—^This Company manufac¬ 
tures also electrical equipment for any type of elec¬ 
tric arc furnace. Designers of furnaces for 
reduction of ores, for producing ferro-alloys, elec¬ 
trolysis, and a multitude of other electrothermic 
developments, will find the General Electric Com¬ 
pany’s experience in this line of value. (Bulletin 
48710.) 

G-E furnace specialists will co-operate _ in the 
proper design of furnaces from the electrical en- 
pneering point of view, advising as to latest 
improvements in electrical equipment and as to the 
best utilization of the sources of energy available. 

Electrical Precipitation Equipment 

The General Electric Company is prepared to 
furnish all of the electrical equipment for the Cot¬ 
trell Electrical Precipitation Process. This equip¬ 
ment, which includes transformers, motor gener¬ 
ator sets, synchronous motors, switchboards, and 
rectifying apparatus, is of a very special type. 

Bulletin 49137, giving further information on 
the electrical equipment furnished for this service, 
will be sent on request. 


SECTION V. 




1500 lb., 250 kv-a. Non-Ferrous Melt¬ 
ing Electric Furnace 
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Repair Shop Motors 

Various G-E motors are suited for use in the 
mine repair shop. The Type RF adjustable-speed 
d-c. motor is extensively used for driving machine 
tools and similar service where wide variation of 
speed is required independent of load. It is made 
in sizes from 2 to 50 h. p. Starting and controlling 
equipment can be furnished for either light or 
severe service. (Bulletin 48029.) 

Fractional Horsepower Motors—This Company 
has studied extensively the problems of electric 
motor application to small tools, and out of this 
study has evolved a line of small motors of sizes 
from 1/200 h. p. upward. These can be furnished 
in a-c. or d-c. types, 
built in the same 
frames and mechan¬ 
ically interchangeable. 

The accompanying il¬ 
lustrations show two 
of the several applica¬ 
tions ofJ;hese motors 
for shops in the min¬ 
ing held. 

The machines are 
Electric Company, but G-E motors can be incor¬ 
porated in them by specifying G-E Motors from 
the machinery manufacturer. 



Portable Grinding 

Drill Machine 


built by the General 


FabroU Gears 

G-E Fabroil Gears are made from cotton to give 
noiseless operation, have a high 
tooth strength, and whether in the 
wet, rat-infested workings of a 
mine or in the dry clean power 
plant at the top, work equally 
well. They serve on motor-driven 
pumps, hoists, machine tools, and 
similar machinery, meshing with 
cast iron, steel or bronze and re¬ 
ducing wear on the metal gears. (Bulletin 48703.) 



Fabroil Gear 


Insulating Compounds and Fabrics 

The insulating materials—compounds and fab¬ 
rics—manufactured by the General Electric Com¬ 
pany have been developed primarily to meet the 
requirements of its own products. THiese materials 
are offered to mine operators and others for elec¬ 
trical repair work. 

G-E insulating compounds include varnishes, 
japans, oils, sealing compounds and paints. The 
fabrics include fibers and papers, treated with var¬ 
nishes, oils, and japans, and also asbestos tape and 
treated cloths. Write the G-E Sales Office nearest 
you for prices or other information. 

Electric Arc Welding Equipment 

The use of welding apparatus by foundries, 
steel mills and repair shops for the manufacture 
and repair of metal parts is rapidly increasing, due 
to the economies effected. This Company has de¬ 
veloped several types of arc welding equipment 
designed to meet almost every condition where it 
is possible to join metals by means of the electric 
arc. 

For general use, both single and multi-operator 
motor generator sets are available primarily for 
metallic electrode welding. They can be used with 
carbon electrodes for cutting, which affords a very 
fast and practicable way of cutting or trimming 


castings, or the 
plates of steel cars. 
The generator can 
be driven by any 
standard form of 
power. (Bulletin 
48932.) 

The G-E Auto¬ 
matic Welder is es¬ 
pecially applicable 
for routine duplicate 
welding of seams 



Single Operator Arc Welding Set 


and worn or undercut shafts, axles and plates. It 
eliminates the unsteady conditions incident to 
manipulating the electrode by hand and makes a 
better weld in 20 to 50 per cent, of the time required. 

A Semi-Automatic Welding Lead, for use with 
the G-E Automatic Welder, permits the operator 
to direct the arc as required, and thus weld seams 
of irregular contour readily; it also can be used for 
filling up blow holes in castings, or building up 
worn spots. (Bulletin 68909.) 

The use of G-E automatic and semi-automatic 
welders does not require highly skilled operators. 

Resistance Type Welder—Strength, durability 
and low cost of operation are some of the qualifica¬ 
tions of the type AW Resistor arc welder, specially 
designed for the welding of rail bonds, fish plates, 
etc., where it is not practicable to operate the more 
efficient outfits. In mines this equipment can be 
hooked to a trolley wire, and it can be carried 
easily to the job which your welder can do in quick 
time at a minimum cost. (Bulletin 68902.) 


Electric Heating Equipment 

The General Electric Company is constantly 
developing new equipment, necessitated by the in¬ 
creased use of electric heat in industrial operations. 
G-E industrial heating apparatus is being success¬ 
fully. applied in many different processes. It in¬ 
cludes equipment for ovens and furnaces, smaU 
devices such as glue pots, and soldering irons and 
heating units for various applications. Engineers 
designing installations in which electric heating 
equipment can be used should avail themselves of 
accumulated knowledge and experience in this line. 
Specialists in this work are located in various G-E 
Sales Offices. 

Electric Rivet Heaters—Electric rivet heaters 
are very useful in connec¬ 
tion with the repair of 
steel plate cars and, 
around the mills for rivet¬ 
ing steel tanks, etc. The 
electric heater possesses 
many advantages over 
fuel fired methods, such 
as portability, economical 
operation in power used 
and in successful heating, 
elimination of fire hazard, 
etc. The power consump¬ 
tion of the G-E electric 
rivet heater varies from 
17 to 20 kilowatt hours 
per hundred pounds of 
rivets, depending upon 
the size and composition of the rivets. (Bulletin 
69701.) 
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GENERAL ELECTRIC COMPANY 

General Office: SCHENECTADY. N. Y. 


D & W Fuse Division - 
of General Electric Company 
Bridgeport. Conn. 


D & W Wire Division 
of General Electric Company 
Schenectady, N. Y. 


Fuses and Insulated Wires 



Products 

D & W Fuses; D & W Fuse Accessories; 
Deltabeston Insulated Wires. 

D & W Fuses 

The soundest engineering principles 
have been incorporated in the design of 
each individual fuse,, and the closest attan- 
tion is given to all details in their manufacturer 
The result is a fuse that is accurate in operation 
and that protects equipment under the most exact¬ 
ing conditions. 

D & W Fuses Arranged from 3 to 1000 Amp. Capacity 

D & W Fuses have protected electric circuits for 
years—service switches and fuse boxes since 1897 
—and they have met the most severe tests. The 
use of jiggs, templates and gages reduces the 
variable element to a minimum and secures per¬ 
fect alignment, reliability and exact uniformity. 

Use D & W Renewable Fuses for lines where 
the percentage of blowouts is high, and D & W 
Standard Fuses for the ordinary installations. Sizes 
range from 3 to 1,000 amp., for standard voltages. 

Fuse Accessories—D & W 
Fuse Accessories include Enclosed 
Fuse Cutouts, Cutout Bases, Fuse 
Boxes, Fuse Links and Clips, 
Service Switches, Telephone and 
Telegraph Protectors, etc. The 
same quality of workmanship and 
material enters into these devices 
as is found in D & W Fuses and 
other D & W products. A com¬ 
plete line of outlet hoods is avail¬ 
able to connect D & W Fuse 
Boxes with conduit systems. D 
& W service switches and fuse 
boxes are equipped with rubber 
gaskets, which render the cast iron boxes water¬ 
proof. The cover is held shut by a special, easily 
operated latch. 

In D & W Enclosed Fuse Cutouts, ferrule type, 
permanent spring clips of phosphor bronze are 
used. In the knife blade type particular attention 
is given to lining up the blades, insuring perfect 
contact when a fuse is installed. 

Further information is given in Catalog 6003, 
which will be mailed on request. 

Deltabeston Wires 

All Deltabeston Wires are asbestos insulated. 
Hence, any form or variety will give practically 



permanent service when subjected to heat. 
After the insulation has been applied to the 
wire, in all but two types, the asbestos is 
filled with a compound, which renders the 
finished product vapor-proof as well as 
heat-proof. Furthermore, experience has 
demonstrated that Deltabeston Wire will 

_ ^ 'stand many kinds of fumes, which also 

makes it of particular value in mining work. 

Deltabeston Magnet Wire is used chiefly for 
winding coils in motors which run hot, either be¬ 
cause they are overloaded, or because of their loca¬ 
tion with reference to external heat or humidity. 
Motors wound with Deltabeston Magnet Wire very 
rarely break down under the severe operating con¬ 
ditions in the mining industry. Some of the well- 
known manufacturers of mining locomotives use it 
regularly in the manufacture of their motors. The 
insulation, asbestos fibre applied to the wire in a 
felted form and then impregnated, is of approxi¬ 
mately the same wall thickness as double cotton 



Deltabeston Wires 


covered magnet wire. Round wire can be fur¬ 
nished in sizes from No. 3/0 to No. 20, and rec¬ 
tangular and square in practically all sizes smaller 
than .5x.25 in. 

Deltabeston Fixture Wires and Heater Cord— 
Type A Heater Cord is a flexible conductor, insu¬ 
lated with the standard A-in. wall of felted asbes¬ 
tos, and finished with an impregnated asbestos 
braid. The completed product is a flexible cord, 
extremely tough and resistant to abrasion, and 
heat and moistureproof. It is recommended for the 
exposed wiring of electric mining locomotives, for 
drop cords, and for more or less permanent wiring 
in a mine. 

Deltabeston Motion Picture Cable is used for 
wiring on cranes, controllers, and searchlights, as 
well as motion picture apparatus. 

Deltabeston Switchboard Wire is a solid con¬ 
ductor insulated with a a^-in. felted wall of asbestos 
fibre and finished with a hard outer asbestos braid. 
This wire is heavily impregnated, and because of 
its construction makes a practically permanent 
wire for use in connection with low voltage switch¬ 
boards 
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WESTINGHOUSE ELECTRIC & 


EAST PITTSBURGH, PA. 



M’F’G CO. 



ALBANY, N. Y. 
ATLANTA, GA.* 
BALTIMORE, MD.* 
BIRMINGHAM, ALA. 
BOSTON, MASS.* 
BUFFALO, N. Y.* 
BUTTE, MONT. 
CHARLOTTE, N. C. 
CHATTANOOGA. TEl 


CHICAGO, ILL.* 
CINCINNATI, OHIO* 
CLEVELAND, OHIO* 
COLUMBUS, OHIO 
DALLAS. TEXAS 
DAYTON, OHIO 
DENVER, COLO.* 
DES MOINES. IOWA 
[.DETROIT. MICH.* 


*Service Department Repair Shops. 


DULUTH, MINN. 

EL PASO, TEXAS 
FRESNO, CAL. 
HOUSTON. TEXAS 
INDIANAPOLIS. IND. 
HUNTINGTON. W. VA.* 
JACKSONVILLE, FLA. 
KANSAS CITY. MO. 

LOS ANGELES. CALIF.' 
LOUISVILLE. KY. 


MEMPHIS, TENN. 
MILWAUKEE. WIS. 
MINNEAPOLIS, MINN 
NEW ORLEANS. LA. 
NEW YORK, N. Y.* 
NIACJARA FAT.T.S N. 
PHILADELPHIA. PA.* 
PlTT«HUi\Cin, PA.* 
PORTLAND, ORE. 


WBSTZHGBOiniB AOBITT JOBBBM 


ROCHESTER. N. Y. 

ST. LOUIS, MO.* 

SALT LAKE CITY. UTAH* 
SAN FRANCISCO, CA^LIF.* 
SEATTLE. WASH.* 
SYRACUSE, N. Y. 

TUCSON, ARIZ. 

TOLEDO. OHIO 
WASHINGTON. D. C. 
WILKES-BARRE, PA. 


Atlanta, Ga., Gilham Schoen Electric Co. 
Blrminfirham, Ala., The Moore-Handley 
Hardware Co. 

Blueheld, W. Va., Superior Supply Co. 
Buffalo, N. Y., McCarthy Bros. & Ford 
Butte, Mont., The Montana Electric Co. 
Charlotte, N. C.. Carolina State Elec. Co. 
Chicago, Ill., Illinois Electric Co. 
Cincinnati, O., The Johnson Elec. Sup. Co. 
Cleveland, O., The Emer Electric Co. 
Denver, Colo., Mine & Smelter Supply Co. 
Detroit, Mich., Commercial Elec. Sup. Co. 
El Paso, Texas, Mine & Smelter Supply Co. 
Evansville, Ind., The Varney Elec. Sup. Co. 
Houston, Texas, Tel-Electric Co. 
Huntington, W. Va., Banks Supply Co. 
Indianapolis, Ind., The Varney Electrical 
Supply Co. 


Jacksonville, Fla., Pierce Electric Co. 
Kansas City, Mo., Satterlee Electric Co. 
Los Angeles, Calif., Illinois Electric Co. 
Louisville, Ky., Tafel Electric Co., Inc. 
Memphis, Tenn., Rlechman-Crosby Co. 
Milwaukee, Wls., Julius Andrae & Sons Co. 
New Haven, Conn., Hessel & Hoppen Co. 
New Orleans, La., Electrical Supply Co. 
New York, N. Y., Alpha Electric Co. 
Oklahoma City, Okla., United Electric Co. 
Omaha, Neb., The McGraw Co. 
Philadelphia, Pa., H. C. Roberts Electric 
Supply Co. 

Pittsburgh, Pa., Robbins Electric Co. 
Portland, Ore., Fobes Supply Co. 
Richmond, Va., Tower-Binford Electric St 
Mfg. Co. 

Rochester, N. Y., Rochester Elec. Sup. Co. 


Salt Lake City, Utah, Intermountain 
• Electric Co. 

San Francisco, Calif., Electric Rwy. St 
Mfrs. Supply Co. 

Scranton, Pa., Penna. Elec. Eng. Co. 
Seattle, Wash., Fobes Supply Co. 

Sioux City, Iowa, The McGraw Co. 
Spokane, Wash., The Washington Electric 
Supply Co. 

St. Joseph, Mo., Columbian Electrical Co. 
St. Louis, Mo., Central Tel. & Elec. Co. 
St. Paul, Minn., St. Paul Electric Co. 
Syracuse, N. Y., H. C. Roberts Electric 
Supply Co. 

Tampa, Fla., Pierce Electric Co. 

Tulsa, Okla., United Electric Co. 

Wichita, Kan., United Electric Co. 


OABAPIAB WB8TZVOHOVBB OOMPAHT, UmitsA 

HAMILTON, ONT., CANADA 

Winnipeg, Man., 168 Portage Ave. E. Vancouver, B. C., Bank of Ottawa Bldg. Ottawa, Ont., Aheam & Soper, Ltd. 

Edmonton, Alta., 211 McLeod Bldg. Toronto, Ont., Bank of Hamilton Bldg. Halifax, N. S., 105 Hollis Str^t 

Calgary, Alta., Canada Life Bldg. Montreal, P. Q., 286 Beaver Hall Hill Fort William, Ont., Cuthbertson Block 


Beryloe Btatloas 

Montreal, P. Q., 10 St. Sophie Lane Toronto, Ont., 366 Adelaide St. W. 

Winnipeg, Man., 168 Portage Ave. E. Calgary, Alta., 316 Third Ave. E. 

WB8TZHOHOV8B BBBCnZC ZVTBltVATXOVAB OOMPAHT 

EAST PITTSBURGH, PA., U. S. A. 

New York Office, 166 Broadway 

London Office, No. 2 Norfolk St., Strand Cuba Office, Ediflco Banco Naclonal ffe Cuba, Havana 


Poreign Bepreseatatives 


Argentine, Cia. Westlnghouse Electric Intemaclonal, Malpu 73, 
Buenos Aires 

Brazil (Southern), Byington St Co., Rua do Commerlco No. 4 
Caixa Postal P 

Brazil, (Central and Northern) Walter St Co., Rua General 
C!amara 66, Rio de Janeiro 

Chile, Errazuriz, Simpson A Co.. Huerfanos 1112 Santiago, 
Pratesq., Chile 

China, Westlnghouse Electric International Co., No. 1 The 
Bund, P. O. No. 690 Amer. P. O. Shanghai 
Colombia. Vicente B. Villa & Co., Medellin 
France, Compagnie Electro-Mecanlque, 12 Rue Portalis, Paris 


Costa Rica. H. T. Purdy, Altos del Banco de Capita Rloa, 
San Jose 

Japan, Takata St Co., No. 2 Yelraku-cho-Nichome, Tokio 
Mexico, Cia West. Elec. Intemaclonal, 16 de Septlembre, No. 

68 Apartado No. 78, Bis. Mexico City, D. F. 

Guatemala, Emilio Selle, 10 C^lle Oriente Numero 2, Guatemala 
City 

Philippine Islands, Clatton-Neill Engineering St Machinery Co., 
Manila. 

Porto Rico. Porto Rico Railway, Light & Power Co., San Juan 
Salvador, Wm. C. McEntee, Santa Ana. 

Peru, Emilio Wagner y Cia, (>ille de Coca, 492-498 Lima 


Batteiy Charering Equipment. 

Blowers. 

Brakes—Air and Magnetic. 

Circuit Breakers. 

Coils—Armature & Field, Choke. 

Condensers—Synchronous, Jet, 
Barometric and Surface. 

Controllers—Motor. 

Converters—Booster. 

Electric Furnace Equipment 

Electric Furnaces—Drying, Bak¬ 
ing, Enameling, Heat TVeat- 
ment. Annealing, Glass, etc. 

Fans. 

Flood Lights. 

Frequency Changers. 

Fuses. 

Fuse Blocks and Boxes. 

Gears and Pinions—Metal and 
Bakelite. 

Generators—D. C. and A. C., 
Engine, Turbine and Water 
Wheel. 

Grid Resistors. 

Headlights—Mine Locomotive. 

Heaters—Air. 
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Heating Devices for Industrial 
Uses. 

Instruments—Ammeters, Volt¬ 
meters, Wattmeters, Record¬ 
ing, Portable, Frequency, 
Power Factor. 

Insulating Materials—Oil, Tape 
and Treated Cloth. 

Lamps—Arc and Incandescent. 

Lighting Reflectors and Fix¬ 
tures. 

Lightning Arresters. 

Line Materials. 

Locomotives—Storage Battery, 
Trolley and Combination. 

Meters. 

Micarta. 

Motors—Synchronous, Induc¬ 

tion, Fractional, Small-Power, 
Hoist, Pump, Flotation, Con¬ 
veyor and General Mill and 
Mine. 

Motor Generators. 

Panels—Switchboard and Safety. 

Power Plant Equipment. 

Radio Equipment. 


Rail Bonds. 

Rectifiers—Mercury, Arc. 
Rectigons. 

Regulators — Furnace, Voltage, 
and Step Induction. 
Resistance Coils. 

Resistance Grids. 

Resistors. 

Rheostats. 

Soldering Compounds. 

Starters—Hand and Automatic. 
Stokers—Overfeed, Underfeed 
and Chain. 

Switches—Knife, Oil, Safety. 
Switchboards. 

Synchronous Converters. 
Terminals. 

Tools—Portable Electric. 
Transformers—Furnace, Power, 
Distribution and Instrument. 
Turbines—Steam. 

Voltage Regulators. 

Water Wheel Generators. 
Welding Outfits — Stationary 
and Portable. 

Wiring Devices. 
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POWER PLANT EQUIPMENT 



General 

The Products of the Westinghouse Electric & 
Manufacturing Co. comprise almost every kind of 
apparatus and machine^ used in the generation, 
distribution and utilization of electrical energy, as 
well as stokers and other mechanical equipment. 
Service 

Westinghouse en^neers, through many years of 
practical experience in handling a great variety of 
problems, are able and willing to render the advice 
and assistance you need in your electrical problems. 
Steam Turbine Generator Units 

Westinghouse Steam Turbines of the reaction or 
Parsons Type can be supplied in any capacity for 
either condensing or non-condensing service. 

The accumulated expe¬ 
rience of Westinghouse en¬ 
gineers covers the designing 
of numerous turbine-gen¬ 
erator power installations 
ranging in size from 70,000 
kw. down to 1 kw. 




AMQAfsg 300 ^.O. Condonslng’ 

VyUnaeilsers Type Turbine Generator 

Westinghouse Leblanc unit 

Condensers are offered in three different types— 

surface condensers, jet 
condensers and baromet¬ 
ric condehsers. They cov¬ 
er the entire line of appli¬ 
cations of condensers to 
prime movers, the t:^e 
recommended depending 
upon the local conditions. 
They have been manu¬ 
factured and applied to 
turbines of all capacities 
Large Surface Conaenser Up tO 100,000 H. P. 


Stokers 

There are three tsrpes of Westinghouse Stokers: 
The Roney, the Underfeed and the Chain Grate. 
This gives a type which will be suitable for every 
local condition. 

The Roney Stoker is one of the overfeed type 
and is particularly adapted to tubular boilers and 
for purposes of the moderate-sized plant. 



Underfeed Stoker 


The Underfeed Stoker is of the multiple retort 
type. This stoker is especially desirable where 
sudden increases of steam demands must be met. 
It requires forced draft which can be obtained from 
Westinghouse Blower installations. 


The Chain Grate Stoker is of the traveling 
grate type and gives excellent results where the 
loads are moderate. 



Water-Wheel Generators 

The first hydro-electric plant in America was 
equipped with Westinghouse equipment and is still 
in successful operation. Since that date Westing¬ 
house engi¬ 
neers 'have 
designed 
many and 
varied 
hydro - elec¬ 
tric installa¬ 
tions and 
the accumu¬ 
lated expe- 
perience of 
the Com¬ 
pany in this 
line is at 
the service 

of those interested in hydro-electric developments, 
small or large, in connection with mines, mills or 
smelters. Westinghouse is prepared to build water¬ 
wheel driven generators of any capacity from 50 
to 50,000 kv.a. 


Water Wheel Generators 


Belt-Driven Generators 

Belt-driven Generators can be furnished for di¬ 
rect current in sizes from a fraction of a kilowatt 
to 1000 kw. in standard voltages. For alternating 
current, in capacities from 25 to 312 kv.-a. 
Engine-Driven Generators 

For alternating current, furnished in capacities 
from 62.5 to 1750 kv.-a. They are suitable for di¬ 
rect connection to steam, gas or oil engines and slow 
speed water-wheels. The D. C. types are furnished 
for various voltages in the same capacities as the 
belt-driven types. 

Lightning Arresters 

Westinghouse supplies a complete line of light¬ 
ning protection equipment suitable for protecting 
all kinds of transmission lines from both atmos¬ 
pheric, lightning and internal surges. This equip¬ 
ment includes many forms of spark gap, electrolytic 
and hom-t 3 T)e arresters suitable for heavy service. 


Distribution Transformers 
Westinghouse dis¬ 
tribution transformers 
are designed on the 
theory that safety, re¬ 
liability, and durabil¬ 
ity are the most im¬ 
portant characteris¬ 
tics that distribution 
transformers should 
have, because it is 
these qualifications 
which provide against 
interruptions of serv¬ 
ice, make for long life 
and protect the appa¬ 
ratus which is con¬ 
nected to the low- 
voltage circuits. 



Group of Steel Clad Type S 
Transformers 


mining catalog 
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Power Transformers 

Furnished in self-cooled, OISC, and water-cooled 
OIWC types. The self-cooled transformers pro¬ 
vide for cooling by three ts^pes of construction: 
The boiler iron tank; the corrugated cast-in tank 
and the radiator type. The first is used for small 
capacities, the second for the intermediate and the 
third for the largest. The self-cooled types are 
made for all capacities and voltages. They are 
wound for single and three-phase service and can 
be supplied for any frequency desired. 

Beyond a certain size, the water-cooled type is 
commonly used. They are built for any capacity 
above 200 kv.-a. and for any voltage, phase or cycle. 

Switchboards 

The Westinghouse Company manufactures a 
full line of switchboards for all systems of electrical 
distribution. 

Westinghouse Switchboards, by the use of 7 inch 
meters and remote control oil breakers, require a 
minimum amount of floor space. The front of the 
board is entirely symmetrical and all indicating me¬ 
ters match perfectly in appearance. A complete 
line of standard panels is listed for prompt ship¬ 
ment. Where standard panels cannot be used, our 
engineers will be glad to be of assistance on special 
propositions, if the matter is taken up with our 
nearest district office. 

Switchboard Instruments 

A complete line of switchboard indicating instru¬ 
ments is furnished for every need. For direct-cur- 
rent circuits, ammeters and voltmeters 2 9/16, 3, 
4 %, 5 and 7 inches in diameter, 
and for all standard commercial 
circuits are furnished. For al- 
temating-current circuits there 
is a complete line of ammeters, 
voltmeters, wattmeters, power 
factor meters, frequency me¬ 
ters and synchronoscopes, all 7 
inches in diameter, for stand¬ 
ard commercial circuits. 

A complete line of record¬ 
ing instruments are furnished 
in both switchboard and port¬ 
able designs. 

Also a complete line of in¬ 
strument transformers, both 
portable and fixed, for inside and outside service. 
Synchronous Converters 

Direct current is required in the metal mining 
and the metallurgical industry in rapidly increasing 
amounts. This is because of the increase of elec¬ 
trical haulage and the extremely rapid growth of 
electro-deposition in the various leaching processes 
and in copper, lead, gold and silver refining. Either 
synchronous converters or motor-generator sets 
are used to obtain this form of energy from alter¬ 
nating-current supply circuits. 

Synchronous converters commend themselves 
for this work on account of their high efficiency and 
other inherent characteristics. They are un¬ 
equalled for their simplicity, strength, ruggedness, 
compactness, and exceptionally high capacity with 
a minimum of floor space. 

Over one and three-quarters million kilowatts 
of converter capacity in successful operation all 
over America under widely varying conditions af¬ 
fords abundant evidence of the extent to which they 
are used. 

SECTION V 



Type U Graphic 
Instrument 



Synchronous Booster Converters 

standard synchronous booster converters are 
wound for 270 volts, with a range of 240 to 300 
volts D. C. for the usual converter ratings of 600 
kw. and above, both for 25 and 60 cycles. 



Synchronous Motor-Generator consisting of two 1000-kw, 
186/70-volt 6000-ampere direct-current generators direct- 
connected to 3160-h.p., 2200-volt, 60-cycle, 8-phase, syn¬ 
chronous motor furnishing current for the electrical deposi¬ 
tion of copper in the Tacoma Smelter, Tacoma, Washington. 


Motor Generators 

These are sometimes used in place of synchron¬ 
ous converters for converting alternating into di¬ 
rect current for mine and other uses. They 
combine the usual features of standard Westing¬ 
house apparatus, such as the ability to withstand 
heavy overloads, ruggedness, economy and relia¬ 
bility and in event of converters not being used will 
form a highly successful application. 


Cottrell Precipitating Equipment 

The Westinghouse Company has furnished the 
electrical equipment for a large percentage of the 
installations now in operation. The equipment has 
been thoroughly standardized, and standard sizes of 
generators, transformers, etc., can be obtained. 


Electric Furnaces and Ovens 

The use of electricity for the production of heat 
in various industrial processes is rapidly increasing 
and its advantages, as compared with the use of 
coal, gas and oil, are so great that the older meth¬ 
ods of heating are being rapidly superseded. 

There are many applications in the mining in¬ 
dustry where electric furnaces of the arc and 
induction types will undoubtedly be utilized. 
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Westinghouse is prepared to furnish complete elec¬ 
trical equipment for the operation of such furnaces, 
including furnace transformers, winch motors, 
automatic electrode control, switchboards and 
incoming line and protective equipment. 

For medium temperature requirements, West¬ 
inghouse has a complete line of Hevi-Duty fur¬ 


naces of the muffle and crucible types, which have 
a maximum operating temperature of 2000° F. 
This is a resistance type of furnace and is sub¬ 
ject to very accurate temperature control. This 
feature, coupled with its high temperature, should 
make it particularly suitable for many mining and 
smelting operations. 



HAULAGE LOCOMOTIVES 



Baldwin-Westinghouse locomotives and locomo¬ 
tive equipments are manufactured in sizes and ca¬ 
pacities suitable for any application involved in 
mining service. Locomotives in this field are re¬ 
quired to operate under a widely varying set of 
conditions. The locomotives to fill these conditions 
vary from the small types used for underground 
haulage to the very largest types—often with cabs 
or canopy—used for surface haulage in open cuts 
and quarries, for haulage of ore to mill or smelter 


steel” frames and have the following distinct 
advantages: 

1. Maximum strength for given weight. 

2. Increased ventilation of the electrical equip¬ 
ment. 

3. Accessibility for inspection, lubrication and 
adjustment. 

4. Ease with which locomotive can be re-railed 
in case of derailment. 

Wheels may be of cast iron with chilled treads, 
rolled steel, or cast iron centers with steel tires. 



Standard Trolley Type Locomotive 

and concentrates from mill to smelter, and general 
haulage about smelters and metallurgical plants. 

They are classified as follows: 

(1) Trolley locomotives are generally used for 
surface work on the heavier hauls and especially 
where the hauls are long or grades heavy, and in 
many cases underground. 


The motors are supported by a cast steel bar, 
spring suspended from the. locomotive frame. 


i2-Ton Barsteel Locomotive In Operation 



Standard Storag^e Battery Type Locomotive 

(2) Storage battery locomotives are used for 
all classes of haulage, both on the surface and un¬ 
derground. Underground, it does away with the 
troUey wire which is a constant source of danger to 
men, difflcult in many cases to erect and maintain, 
and increases the fire risk. 

(3) Combination locomotives can be operated 
from either trolley or battery, which feature makes 
it possible to operate them anywhere that track is 
laid. They are especially advantageous for work 
^und plants where it is necessary to enter build¬ 
ings where the presence of trolley wires would be 
undesirable. 

Construction 

The side framess of these locomotives are of cast 
steel open construction. These are known as “Bar- 

mning catalog 


The journal boxes are of cast iron with collar 
cast integral, the lid being constructed to take the 
end thrust. The journal box can be removed and 
overhauled longitudinally without removing the 
pedestal cap or dropping the axle. 

The springs are of semi-elliptical type. The 
use of this type of spring results in a much easier 
riding locomotive than when they are equipped 
with ordinary helical springs. 

Brakes are of the automatic self-locking t 3 T)e 
operated by a screw and capable of locking all the 
wheels. They are easy to manipulate and will meet 
the most exacting requirements of safety. 

The commutating pole motors used practically 
eliminate sparking, and brush wear is very slight. 

Controllers are of the magnetic blowout drum 
type. Full magnetic controllers are recommended 
for larger haulage locomotives and are giving ex¬ 
cellent results. 

Battery Charging Equipment 

Westinghouse can supply complete battery¬ 
charging outfits for charging either lead or Edison 
cells for all purposes. In those cases where alter¬ 
nating current only is available, motor-generators 
are supplied for battery-charging work. 
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Mine Locomotive 
Headlights 

Westinghouse 
Headlights have been 
designed to with¬ 
stand the severe con¬ 
ditions under which 
they are used and 
yet carry the lamp 
on a spring suspen¬ 
sion which will ade¬ 
quately protect the 
lament from break¬ 
age due to vibration and jars. Space is sufficient to 
permit use of lamps of from 23 to 94 watt capacity. 


Locomotive Headlight 


Mine Trolley-Line Material 

A very complete line of material for supporting 
the overhead trolley wires in the mine, and on the 


surface, is manu¬ 
factured, includ¬ 
ing expansion 
bolts, suspen¬ 
sions, clamps, sec¬ 
tion insulators, 
cap and cone in¬ 
sulators, wood 
and composition 
strain insulators, 
feed - wire insu¬ 
lators, splicers, 
frogs, line section 
switches, etc. 
Also a complete 
line of rail bonds, 
trolley harps and 
other accessories 
are carried. 
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MAINTENANCE 


AND REPAIRS 



Westinghouse engineers have had wide ex¬ 
perience with installations of electrical equipment 
for mine, mill and smelter shops. This equip¬ 
ment consists largely of motor drives for all 
classes of machines, such as lathes, drill presses, 
shears, timber framers, saws, grinders, etc., each 
with control. It includes, also, industrial heating 
appliances, such as glue pots, and soldering irons. 
Westinghouse has long made a study of the appli¬ 
cation of electric motors to small tools, and the 
large number of these motors used by the manufac¬ 
turers of electrically driven small tools is a cri¬ 
terion of their success. They are made for either 
A.C. or D.C. 

Insulating Compounds and Fabrics 

The Westinghouse Company is prepared to fur¬ 
nish for repair work the same line of high-grade 
insulating compounds and insulated fabrics that go 
into the manufacture of our own machinery. These 
are made in great variety, depending on the class 
of service they are to meet. 

Arc-Welding Equipment 

Successful application of the arc-welding process 
is largely dependent on the selection of the proper 


equipment. The Westinghouse equipment is thor¬ 
oughly reliable, economical in operation, and at the 
same time so sim¬ 
ple in construction 
as to require little 
attention from the 
operator. 

The generator is 
of the inherent 
regulating t 5 T)e, so 
that no external 
resistance is re¬ 
quired in the weld- 

in^ circuit. portable Arc Welding Outfit 

It is driven by a motor to suit the requirements 
of the power circuit and is mounted compactly with 
the motor on a bedplate. For portable service, the 
motor generator and control panel are mounted on 
a fabricated steel truck equipped with roller bear¬ 
ing wheels and ample dimensions, so that the equip¬ 
ment can easily be moved. 

Westinghouse equipment for arc welding can 
be supplied in both the single operator and mul¬ 
tiple operator type. 

Single operator outfit has a capacity of 176 am¬ 
peres, and the multiple operator outfits are built 
in capacities of 300, 600, 760 and 1000 amperes. 




ALTERNATING CURRENT MOTORS 



For the majority of purposes in mining and 
metallurgical plants A.C. motors are employed, al¬ 
though there are numerous instances where D.C. 
motors can be used to good advantage. 

Type CS Squirrel Cage Induction Motors 

These motors are designed for general service, 
and are, therefore, suited to many drives in the 
mines and mills. They are simple in con¬ 
struction, consisting primarily of a set of wire 
windings, rotating part, or rotor, and two bearings. 
There is no complication of small parts and no 
sliding electrical contacts. The bearings are dust- 



Type CS Back Geared Motor without Gear Case, 
showing Countershaft Bracket used on Rolled- 
Steel Frame Motors. 
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proof and automatically oiled. The great mechan¬ 
ical strength of these motors enables them to with¬ 
stand the severe shocks and stresses of constantly 
driving machinery. Their efficiency and power 
factor are high at all loads. These motors can be 
supplied in all sizes from 2 to 650 H. P.; 2 or 3 
phase; 25 and 60 cycles; and for all commercial 
voltages. They can also be supplied with ver¬ 
tical shafts, back gears, and in other special 
forms. In metallurgical plants motors often are 
subject to atmospheres filled with dust, moisture, 
or chemical fumes. For this class of work a special 
impregnating treatment is given the winding 
which render them impervious to moisture, oil, 
dust and chemical fumes. This type motor is also 
furnished in the totally enclosed and ventilated 
type. 


T 3 i>e CW Wound-Rotor Inductirai Motor 

This motor is suitable for constant and variable 


speed, continuous duty service, where there is re¬ 
quired an A.C. motor capable of yielding a strong 
starting effgrt, for instance, in driving air compres¬ 
sors, plunger pumps, positive pressure blowers, 
conveyors that are required to start under a heavy 
load, hoists, etc. For varying speed service a con¬ 
troller is furnished to obtain continuous operation 


on any running point 
from one-half to full 
speed. These motors 
can be supplied in any 
size and for all com 
mercial voltages and 
frequencies. Either 
the constant 
speed or variable 
speed tsrpe can 
be adapted for 
belting, gearing, 
chain - drive or 
direct connec¬ 
tion. 



Type CW Motor, Classes 900 and 
1000, Showing Cast Frame Construc¬ 
tion and Split Brackets. 


Type Cl Wound-Rotor Induction Motor 

This motor is designed to meet the same require¬ 
ments as the type CW motor except that it is in¬ 
tended for intermittent instead of continuous 


service. It is especially useful for cranes, hoists, 
elevators, certain types of conveyors which have to 
be started under heavy load, and, in general, on all 
machines where the duty consists of successive 
periods of operation, each requiring a strong start¬ 
ing effort. These motors can be supplied in any 
required size for all commercial voltages and fre¬ 
quencies. 

Synchronous Motors 

These form a desirable means of driving pumps, 
fans, compressors and similar machinery, because in 
addition to driving the mechanical loads these mo¬ 
tors can be used to raise the power factor of the 
circuits on which they operate. They start as 
induction motors, auto starters being used for 
the purpose. After reaching full speed the motor 
runs on its synchronous windings, held excitation 
being furnished by a small direct current generator 
either belted to the motor shaft or mounted on it. 

The torque development during starting is ap¬ 
proximately 25% of full load and is sufficient to 
meet light starting conditions, such as usually 
obtained with centrifugal pumps, reciprocating 



1200 H. P. Motor Driving Compressors at Anaconda 
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pumps having by-passes, compressors with unload¬ 
ing devices, etc. Simplicity and ruggedness of 
construction, economy in operation and main¬ 
tenance, and moderate first cost are features of 
these motors. 

They can be furnished for belted, geared or 
direct-connected drive, and are made in all com¬ 
mercial sizes, voltages and frequencies. 



DIRECT CURRENT MOTORS 



There are a number of applications in the min¬ 
ing field where D. C. motors are preferable to A. C. 
T^ical of these is where a wide range of speed ad¬ 
justment is demanded, as in driving certain t}q)es- 
of cranes and hoists. Direct current motors are 
also preferred in plants where the motor-driven 
equipment is not extensive and where D. C. has to 
be generated for other purposes. 

Type SK Direct-Current Motor 

This motor is suitable for either constant or 
varying speed and finds extensive applications for 
all kinds of mine and mill drives. It can be sup¬ 
plied in all sizes from 1^/2 to 250 H. P. and for 115, 
230 and 550 volts. It can also be supplied as a ver¬ 
tical motor and back geared. Like all other West¬ 



Type SK Vertical Motor 


inghouse motors, it can 
be had with specially im¬ 
pregnated windings and 
enclosed frame for use 
where there is dust, 
moisture or chemical 
fumes. 

Type K and KG Motors 
Westinghouse typeK 
direct - current motors 
are designed for severe, 
intermittent, varying 
speed service, where 
high-starting torque is 
required as in the oper¬ 
ation of cranes, hoists 
and similar service. 


mining catalog 
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Type KG motors are the same in every way as 
type K except that they are supplied with back-gear 
parts. 

These two types of motors are specially adapted 
for crane work and are made in totally enclosed 
types for standard voltages and capacities from 2 
to 65 H. P. 

Type HK Direct-Current Motors 

This is the latest type of motor especially de¬ 
signed for crane service. It is series wound com¬ 
mutating pole type and of enclosed construction 
with small openings in the lower part of the brack¬ 
ets for ventilation. The most prominent feature 
of this motor is its compact construction, giving 
small overall dimensions, light weight, and great 
mechanical strength. Made from 2 to 26 H. P. for 
230 volts. 

Type MC and MCO Commutating-Pole Motors 

Westinghouse direct-current motors of types MC 
and MCO are built for operation wherever enclosed 
motors are required for extremely severe inter¬ 
mittent duty. They will withstand the hardest 
usage encountered. They have steel frames, mas¬ 
sive shafts, very large bearings, fire-proof insula¬ 
tion and other features that insure reliability. 



The use of commutat¬ 
ing poles and careful 
design insure spark¬ 
less commutation un¬ 
der all conditions of 
load within the ca¬ 
pacity of the motor. 

T 3 T)e MC is totally 
Type MC Mill Motor enclosed; type MCO 
only partially enclosed. Otherwise they are the 
same. Type MC furnished in sizes from 5*4 to 
150; MCO from 50 to 300 H. P.; both of 230 volts. 
Type MCB supplied with back geared parts. 


This type of motor is also made for alternating 
current and is then called Type MA. Furnished in 
sizes from 5 to 162 H. P. at standard voltages and 
frequencies. 


Small Motors 

Westinghouse small motors are available for a 
variety of power applications requiring from 1/20 
to 10 H. P. For alternating current, there are 
available the types CA, CAH, CSA, AR and ARS. 
For direct current service, types CD and CDH can 
be supplied. 


MINE AND QUARRY MOTOR APPLICATIONS 


Applications of electrical power to metal mines 
and quarries are many and constantly increasing. 
Some of the most important applications to mining 
and quarrying, other than for haulage, are: Driving 
air compressors, hoists, pumps, fans, dredges, aerial 
tramways and cableways. 

Electric Mine-Hoist Motors 

The use of electric mine hoists is increasing both 
in mines of large and small capacities. They have 
a superior speed control, are simpler in operation, 
have a smaller number of parts, are lighter in 
weight, more compact and flexible than steam 
hoists. 

The selection of the proper motor and controller 
is a particular problem for each mine hoist, be¬ 
cause the conditions obtaining are different in 
nearly every case. The rope speed, depth and angle 
of shaft, duty cycle, output desired, and type and 
size of hoisting machinery, enter into the choice of 
design and make it necessary that enpneers with 
a wide and practical knowledge of hoisting work, 
decide the correct equipment. 

Westinghouse application engineers have had 
many years of intimate practical experience in the 
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design of electric motors and their application to 
hoists of all sizes and types for every combination 
of conditions and are, therefore, qualified to recom¬ 
mend the equipment necessary for successful and 
dependable operation of mine hoists. 

Mine Ventilation Motors 

Metal mines are quite commonly ventilated by 
blower fans in small units placed near the work¬ 
ing faces convenient to the power source. Motors 
may be for either direct or alternating current. 
They must be strong and rugged to withstand 
rough handling and to operate with a minimum of 
attention on temporary foundations in a humid and 
usually warm atmosphere. The CS and SK types 
have teen found well suited for this work. 



Driving Prescott Pump Underground 

Mine Pump Motors 

Mine pumping places very heavy demands Ufran 
motors. The wet and humid conditions under which 
they work, oftentimes with a minimum of atten¬ 
tion, require a rugged moisture-proof construction. 
The Westinghouse enpneers have met this prob¬ 
lem with a line of their standard types, both A.C. 
and D.C., specially protected as to windings with 
an enclosed self-ventilated frame. Can be fur¬ 
nished for belt, chain, gear or direct-connected 
drives. 
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Dredge and Shovel Motors 

The application of electricity to dredges has 
become almost universal because -of its flexibility, 
economy and reduction of Are risk. Electric shov¬ 
els are a comparative new field, but have shown 
great savings in power and have speeded up pro¬ 
duction greatly. 

Motors for this class of service must be rugged, 
capable of caring temporary overloads, and op¬ 
erate with their foundaticms under excessive vibra¬ 
tion, oftentimes in damp surroundings. Economy' 
of space is a very important item in these motors. 

Aerial Tramways and Cableways 

Reduction in power consumption and flexibility 
obtained, as well as the great advantages of auto¬ 
matic or semi-automatic control are responsible for 
a rapidly increasing use of motors in this work. 
Consult Westinghouse engineers concerning the 
great savings from use of motors in this field. 

Mill Motor Applicaticms 

Motors in this field must give continuous opera¬ 
tion even under adverse conditions, such as the grit¬ 
laden air of the dry crushing plant and the humid 
fume-laden atmosphere of leaching plants. Some 



Drivingr Hardin^e Mill 


of the applications of motors to concentrating mills 
are in driving; Crushers and Grinders; Conveyors 
and Elevators; Concentrating Devices, such as Jigs 
and Tables; Screens; Mechanical Classifiers and 
Settling Tanks; Pumps and Flotation Machines. 

Crushers and grinders usually require heavy 
duty motors with very high starting torque, es¬ 
pecially with ball and tube mills. 

Electric drives have revolutionized conveyor 
and elevator drives, and have made possible the 
modem mill with its extensive ore handling system. 

Vertical motors have been specially designed 
for this service in connection with drives for me¬ 
chanical flotation machines and centrifugal pumps. 

Motors are furnished in all standard votages 
and capacities, D.C. and A.C., for all types of mill 
drives. 



Driving Janney Flotation Machines 

Smelter and Refinery Motors 

The application of motors to driving roasters, 
dryers, conveyors, casting machines, blowers and 
cranes, and for tilting converters, ladles, etc., has 
been handled successfully by the company since the 
application of electricity to this field. The chief 
problems are those of dust, heat and fumes, and 
these have been successfully solved by means of 
special motor frames and windings to resist them. 



CONTROL 



Type S Drum Controllers 

Control for shunt, series and compound wound 
direct current motors, by adjusting resistance in 
series and parallel with the motor armature. They 
are applicable to such severe applications as cranes. 



Pointer indicates position ol controller Star wheel and 

I pawl permits feeling of points and presents leasing 
handle in intermediate position. _ _ 


Latch in handle 
accident.ii starting 
vrrsal. 


Only slight mosxmcnt of 
controller handle allowing 
roller to drop into depress¬ 
ion on cam. opens con¬ 
tactor wide ssith a snap 
and destro>-s the arc ssith 
Its injurious effect. 

Blow-out coils 
shields reduce arcini 
longing life of line 
tactors. 


lOponings for conduit 

Kvirincv 


Indisidual contactors per¬ 
use of s.imc controller 
v.irious functions and 


(Si/c <•! controller is m.itcr- 
-‘lally reduced l)> alternate 
larrangrmcnts o( contac- 
[tors^_ 


Rear of controller quickly 
hy reipos al of 
held l)> only lour 


latches enable the 
cr to lx remosed svith- 
t tools, exposing .ill 
rls tor inspecti "' 


Type S Controller with Vertical Handle 


hoists, dredges and ore 
bridges. Maximum ratings, 
35, 75 and 125 H. P. at 115, 
230 and 550 volts respec¬ 
tively. These controllers 
are noted for their low 
maintenance, long life of 
contacts and general acces¬ 
sibility. 


Type C Magnetic-Contac¬ 
tor Controllers 

These controllers meet 
the severe operating con¬ 
ditions encountered in 
crane, hoist and general 
mill service. Made in forms 
AA, BB, CC, DD and EE, 
which provides reversing, 
with or without speed con¬ 
trol, and dynamic braking. 
Suitable for series and 
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compound wound D.C. motors. They give low- 
voltage and inverse-time element overload pro¬ 
tection. 


Type C Automatic Starters 

Suitable for constant and adjustable speed D.C. 
motors. Made in different forms to provide for 


reversing, non - revers¬ 
ing, dynamic braking or 
speed control by shunt 
field as service may re¬ 
quire. They are con¬ 
trolled by either push 
button, float switch, 
pressure gauge or other 
type of master switch 
and are completely auto¬ 
matic in operation. Made 
in sizes from IY 2 to 200 
H. P. for 116, 230 and 
550 volts. 



Type C Form E 
Automatic Starter 


Type D Motor Starting Rheostats 

Type D starting rheostats are used for starting 
shunt, compound and series wound direct cur¬ 
rent motors. These starters are characterized 

by strong compact construction. They are 

self-contained, consisting of a face plate with 
renewable segments, low volt¬ 

age release mechanism and self- 
contained resistance. 

lype DM Motor Starting 
Rheostats 

For use in mines and other 
places where the apparatus is 
exposed to moisture and acid 

fumes. They are practically the 
same in construction as type D 
except that they are'made impervious to moisture 
and fumes. 

Made from ^ to 105 H. P. sizes for 110, 220 and 
650 volts. 



Type D Motor Start¬ 
ing Rheostat 


Types A and B Magnet-Operated Brakes 

They are used with motors applied to crane, 
hoist and miscellaneous drives. They will bring mo¬ 
tor to a stop quickly without undue strain on the 



Slrof»q Compression Sprino* Set 


BraKa Lininq-raoncoteO 
Asbestos. Heoi. Moisture 
end Oil Resist:.-;^ 


Co'i-Weoth- 
unof- 


^st Iron Brflue " r ce' Cari r- Bprea ■ ’au Becrinq Pms nc»e Taoerea tnos ana are ne'O in 

for fiiher Siraiqnr or pi oy Cciter Di-iv f.:z: Bemcvci 

r16-:! haraeneO ana crouno. 


Type B Magnet-Operated Brake 


mechanism and also can be used to hold the motor 
load. Applicable to any motor within their rating. 

The brake parts are of simple and rugged con¬ 
struction, and their design as a 
whole makes them easy to in¬ 
stall, operate and maintain. 

Type A is for alternating 
current motors from 5 to 200 
H. P., voltages of 220, 440, 560, 
and 2200, and all commercial 
frequencies. 

Type B is for direct current 
motors from 5 to 400 H. P., and 
115, 230 and 550 volts. 

Type FA Drum Controller 

Used with A.C. wound rotor 
motors for start- 
ing, stopping and 
varying the 
speed. They are 
simple in con- 

I struction and reliable in operation. 
Reversing and non-reversing. For two 
or three phase, and voltages to 2200 

|^^H| and below; capacities to 200 H. P. 

II I Type RF Control Panels 

Are used for starting and con¬ 
trolling the speed of wound rotor in¬ 
duction motors. They consist of a 
primary circuit breaker and drum sec¬ 
ondary controller mechanically inter¬ 
locked to prevent improper starting. Primary volt¬ 
ages up to 2200, and capacities to 650 H. P.—^two 
and three phase. 



Type PA Reversing 
Controller with Cover 
Removed 


Type RF Con¬ 
trol Panel 


Type F, Form D, Semi-Magnetic Contactor Control 



This form of con¬ 
troller consists of pri¬ 
mary magnetic revers¬ 
ing contactors operated 
in conjunction with a 
type FA drum con¬ 
troller and necessary 
grid resistor. 


These controllers 
are for 3 phase, wound 
rotor induction motors, 

50 to 450 H. P. and 
standard voltages. 

They provide safe and 
accurate starting, stop¬ 
ping, reversing and 
speed control of mo¬ 
tors driving hoists, 
cranes and dredges, where the use of full-magnetic 
controllers is unnecessary. 


2200 Volt Type F, Form D, Full- 
Magnetic Controller—7 Points 
Acceleration 


Type F, Form D, Full-Magnetic Control 

Intended for similar service to the semi-mag¬ 
netic type, but it employs magnetic secondary con¬ 
tactors instead of a drum and provide full auto- 
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matic acceleration. It is used for such service as 
mine hoists and cranes, and generally for larger in¬ 
stallations and heavier duty than the semi-magnetic 
type. For 3 phase; 60 to 1000 H. P. and standard 
voltages. 

Automatic Liquid Slip Regulators 

They are used in connection with an A.C.-D.C. 
flywheel motor generator and D.C. hoist motor for 
large and heavy duty mine hoists. The Ward- 
Leonard system of control is used for the hoist 
motor to facilitate rapid reversal and accurate 
speed control. The slip regulator controls the 
speed of the motor generator and utilizes the fly¬ 
wheel to eliminate the otherwise high power peaks 
on the supply system, which is highly desirable. 

D.C. Hoist Contr(fl—^Ward-Leonard System 

This system revises and controls the speed of 
the D.C. hoist motor by varying the voltage fur¬ 
nished to its terminals by the generator. The gen¬ 
erator voltage is varied by changing its field 
strength. The revising of the motor is obtained 
by reversing the generator field. Full magnetic 
control is used and operation is obtained from a 
small master switch. This system permits rapid 
and accurate control, eliminates the large losses in 
armature or secondary resis- 
ance found in other systems of 
control when running at re¬ 
duced speed. 

Quick-Make and Quick-Break 
Starting Switches, Types 
815 and 816. 

For squirrel cage induction 

motora, 26 H P. ^d below, 2 comiilt‘^*with’'over''- 
and 3-phase, 25, 40, 60 and 60 load and low voltage 
cycles and 110, 220, 440 and 650 
volts. They connect the motor directly to the line; 
provide overload and low voltage protection; may 
be oi>erated by hand or shipper rod. 

Have the following advantages: protect opera¬ 
tor from shocks and bums; protect both man and 
^uipment against unexpected or accidental start¬ 
ing of motor; protect motor against burnouts with¬ 
out the use of fuses; cannot be held closed on over¬ 
load ; foolproof; reduce shutdowns; long life under 
severe operating conditions; easy to install. 




Type A Auto-Starter 


Type A auto-starters consist of an auto-trans- 
former unit together with the switching mechan¬ 
ism, low voltage and overload relays all mounted 
in a dustproof case, arranged for open or conduit 
wiring. A compact, self-contained unit easy to 
handle and install. Ask for leaflet 1610-C. 


Type F Automatic Starter for Alternating Current 
Squirrel Cage Motors 

Westinghouse type F line voltage automatic 
starters connect the motor directly to the line, and 
combine the advantages of push button, remote con¬ 
trol with safety and convenience to the operator 
and full protection to the motor itself. 



Type F Starter for Motors 6 H. P. and Below 
Line Voltage Type 


The outstanding features are: remote control, 
automatic operation, complete enclosure, low volt¬ 
age protection, overload protection, single-phase 
protection, compactness and knockouts for conduit 
windings. 

Maximum horse power, 25; 2 and 3-phase; 110, 
220, 440 and 660 volts; 26 to 60 cycles. See leaflets 
1667 and 1668. 



Type P Starter for 60 H. P., 440 Volts 
Auto-Transformer Type 


Type A Auto-Starters 

For squirrel cage induction motors; 5 to 200 
H. P.; 2 and 3-phase; 25, 40, 50 and 60 cycles; 220, 
440, 650 and 2200 volts. 


Type F automatic starters employing trans¬ 
formers for reducing the starting voltage applied 
to motors of 5 to 400 H. P. are described in leaflet 
1666. 
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THE CUTLER-HAMMER MEG. CO. 

MILWAUKEE AND NEW YORK 

DISTRICT OFFICES 

New York: 50 Church St, 

Chicago.323 No, Michigan Ave. Cleveland.Guardian Bldg, 

Pittsburgh.Farmers' Bank Bldg, Cincinnati.405 Dixie Terminal Bldg. 

Boston.404 Harvey Bldg. Detroit.Kresge Bldg. 

Philadelphia.Commonwealth Bldg. St. Louis.Railway Exchange Bldg. 

Selling Agents: H. B. Squires Co., San Francisco, Los Angeles, Seattle; General Machinery Co., 
Birmingham; H. L. Vaughan, Denver; L. Brandenberger, Salt Lake City; 

Northern Electric Co., Ltd., Head Office, Montreal, Canada. 




Products 

Controllers, Manual and Automatic—For motors 
driving hoists, fans, pumps, conveyors, crushers 
and all other mining machinery. 

Electric Brakes—For hoists, conveyors, cranes, 
etc. 

Magnetic Separator Pulleys. 

Magnetic Clutches. 

Electric Space Heaters. 

Electric Soldering Irons. 

For complete information send to nearest office 
for C-H Mine Publication 836. 

C-H Controllers for Mine Motors 

C-H Motor Controllers of the plain hand starting 
type were used on some of the first motors used in 
mines. The present line of C-H Controllers in¬ 
dudes practically every tj^e, both manual and au¬ 
tomatic, that is ever used in mine work. C-H Mine 
Hoist Controllers are designed to develop the max¬ 
imum capacity and safety of the hoist. C-H Drum 
Controllers used on small hoists are built of metal 
throughout; no wood is used. They are capable of 



C-H Automatic Mine Hoist Controller. Type Illus¬ 
trated as for use with Slip Ring: Induction Motor. 


standing up under extremely hard service. C-H 
Automatic Controllers insi>:*e quick acceleration of 
the hoist. They are designer.. :>n the same lines as 
controllers used in steel milis where the service 
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required is exceptionally severe. For very large 
hoists, C-H Liquid Rheostats may be used. 

C-H Controllers are used on mechanical loaders, 
both on the big shovel type and on the small loaders 
used underground. 

C-H Controllers Used Underground 

C-H Controllers for installation underground 
where excessive moisture may be present, are care¬ 
fully protected against the deteriorating effects of 
moisture and dampness. Operating coils are im¬ 
pregnated with a moisture-proof compound. The 



C-H Bulletin 6250 Automatic Starter for 
Direct Current Motors Driving Mine Pumps, 
Fans, Etc. 


panels, after assembly, are sprayed with a moisture- 
resisting compound to prevent surface leakage. 
Iron to iron bearings are eliminated and exposed 
iron parts are suitably painted or zinc plated. 
Phosphor bronze springs are used wherever 
possible. 

For mines where the voltage regulation is poor, 
all coils are designed for operating over a wide 
range of voltage. C-H Bulletin 6250, illustrated 
above, is provided with a voltage relay arranged 
to guard the motor against injury during heavy 
voltage fluctuations. This controller, like other 
automatic mine controllers, provides for the con¬ 
tinuous operation of the mine pump, fan or other 
mine machine as long as there is appreciable volt¬ 
age on the line. This is, in many cases, a very 
distinct advantage and entirely eliminates the 
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necessity of keeping a man on the watch to start up 
pumps, etc., after a voltage failure, as is necessary 
with ordinary hand starters. Automatic controllers 
like Bulletin 6250 also provide for remote control 
of the equipment from one or more convenient 
points. 

C-H Automatic Sub-Station Controllers 

C-H Automatic Sub-Station Controllers are 
solving the problem of the small mine sub-station 
that supplies direct current for mine locomotives, 
small cutting tools, drills, etc. This control equip¬ 
ment provides for the complete control and protec¬ 
tion of a sub-station motor-generator set from the 
mine power house or from any convenient point. It 
is entirely unnecessary to keep a man in attendance 
at the sub-station. The only attention which a C-H 
Automatic Sub-Station Controller requires is regu¬ 
lar trips for oiling and inspection. 



C-H Bulletin 2120. A hand- 
operated starter, ruggedly con¬ 
structed, suited to the starting of 
the miscellaneous motors used for 
various purposes in and about 
mines. 

C-H Auxiliary Control Apparatus 

C-H Auxiliary Apparatus for use with con¬ 
trollers includes all types of safety switches and 
relays, master switches, float switches, remote con¬ 
trol push button switches—^practically everything 
used in connection with the control of motors. 



C-H Bulletin 9141. A 
Sturdily built starter for 
squirrel cage motors. 


C-H Electric Brakes 

C-H Electric Brakes are being used with entire 
satisfaction for all sorts of mine work. Type M 
Shoe Brakes for direct current service are so de¬ 
signed that the action between the magnet and the 
brake shoes is direct. This eliminates all interme¬ 
diate toggles, bell cranks, levers, and cuts down 
the wear, lost motion and friction to an absolute 
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minimum. The magnet stroke is very short—^not 
over one-eighth of an inch—^and insures very quick 
application and release—no dragging of the brake 



C-H Electric Brake—Type M. 


shoes as the motor gets under way. The entire 
design of Type M Brakes is unusually simple. The 
rugged steel structure requires a minimum of main¬ 
tenance expense. 

Type RS Shoe Brakes for alternating current 
service are operated by a rotating magnet which 
combines maximum safety with a minimum 
amount of wear and upkeep expense. A smooth, 
steady application of brake pressure is secured by 
the special C-H method of connecting the rotating 
magnet to the brake mechanism. There is no need 
for a dashpot, which is liable to stick or get out of 
adjustment. 

C-H Magnetic Separator Pulleys 

C-H Magnetic Separator Pulleys remove tramp 
iron from ore of many kinds—^protect costly crush- 



C-H Magnetic Separator Pulley. For protecting 
cru.shers and grinders from tramp Iron. 


ing, grinding and stamping machinery from exces¬ 
sive wear and breakdowns. Such protection is well 
worth while. 

Magnetic Clutches 

C-H Ma^etic Clutches are used in mine work 
principally in connection with synchronous motor- 
driven equipment such as mine fans, pump, mill 
lines. By using C-H Magnetic Clutches, these motors 
may be used for comparatively heavy work, the in¬ 
herent low starting torque of the motor being over¬ 
come by these clutches. C-H Magnetic Clutches are 
well adapted for high speed drives, as they are not 
aifected by centrifugal force. They take up very 
little room and do not transmit strains along either 
the driven or driving shafts, as do mechanical 
clutches. 



C-H Electric Soldering Iron. A 
handy repair tool. 
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200 TRANSFORMERS. 

KUHLMAN ELECTRIC COMPANY 

BAY CITY, MICHIGAN 

TRANSFORMERS 

Standard Sizes and Voltages 



Distribution Transformer, 
to 15 Kva. 


DISTRIBUTION TRANSFORMERS 


Kva 


Primary Voltage 


1 ^ 

1 23001 

4600| 

1 69001 

I.1 




2 



11000 

13800 



3 

230ol 

4600 

^ 690o| 



. 


5 

1 

2300 

4600 

i 

69001 

1 1 

1 llOOOj 13800 

23000 

l 

1. 

7 

2300 

4600 

6900 





10 

2300 

4600 

69001 

1 11000 

j 13800 

23000 

33000 

15 

2300 

4600 

6900 

11000 

j 13800 

23000 

33000 

25 

2300 

4600 

6900 

11000 

1 13800 

23000 

33000 

37% 

2300| 

4600 

6900 

11000 

[ 13800 

23000 

33000 

50 

2300 

4600 

69001 

1 11000 

' 13800 

23000 

1 

33000 

75 

23001 

4600 

6900! 

1 11000 

' 13800 

1 

23000 

33000 

1 

100 

1 23001 4600 

1 

69001 

llOOOj 13800 

I 

23000 

33000 

150 

! 2300 

4600 

6900 

1 11000' 13800 

23000 

33000 

200 

j 23001 4600 

1 1 

6900 

1 

1 11000 

1 

j 13800 

23000 

1 33000 

1 



Distribution Transformer, 
25 Kva. to 200 Kva. 


Secondary voltages 116/230 or 230/460. No fuse boxes furnished for transformers larger than 50 
Kva. or for primary voltages above 2300. No hanger irons furnished for transformers larger than 60 
Kva., 60 cycles, or 25 Kva., 26 cycles, or for voltages above 13800. Terminals for voltages above 13800 
are brought out through the lid. 



Single Phase Station Type. 


POWER TRANSFORMERS 


Kva 

Primary Voltage 

250 

2300 

4600 

6600 

11000 

13200 

22000 

33000 

333 

2300 

4600 

6600 

11000 

132D0 

22000 

33000 

400 

2300 

4600 

6600 

11000 

13200 

22000 

33000 

500 

2300 

4600 

6600 

11000 

13200 

22000 

33000 

667 



6600 

11000 

13200 

22000 

33000 

883 



6600 

11000 

13200 

22000 

33000 

1000 



6600 

11000 

13200 

22000 

33000 


Secondary voltages of 115/230 3-wire, 230/460 to 600 are standard for 
sizes up to 500 Kva. inclusive. 


Secondary Voltages above 600 volts are standard for all sizes. 


All power transformers have 4-2^ % full capacity taps in high voltage 
winding. 

WIRE OR WRITE FOR PRICES. YOUR INQUIRIES WILL RECEIVE 

IMMEDIATE ATTENTION 
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MOLONEY ELECTRIC COMPANY. 


TRANSFORMERS. 




“SERVICE” Transformers for use on 2300 V 
60 cycle and having secondaries 115-230 V are re¬ 
garded as STANDARD and are carried in stock in 
large quantities from which immediate shipments 
can be made. Stock sizes include 1, 2, S, 5, 
7V2, 10, 15, 25, 37% and 50 KVA. All such trans¬ 
formers are furnished 
complete with hangers, 


Outdoor type for 
voltages above 16000 
and capacities up to 
76 KVA. 


In or outdoor type 
for voltages as high as 
16000 and capacities up 
to 100 KVA. 


to 253 volts. Special transformers with voltages 
as high as 275 volts can also be furnished that the 
proper voltage can be maintained on motors 
used in connection with coal mining machinery. 


IPII 


oil, primary cut-outs, and SEVEN 1%% TAPS are 
furnished in the primary windings of all 2300 volt 
transformers that the secondary can be increased 


“SERVICE” Trans¬ 
formers are furnished 
for all practical service, 
for both single and 
three phase and for any 
frequency or voltage. 

You will find MO¬ 
LONEY Transformers 
unexcelled and MO¬ 
LONEY SERVICE un¬ 
equalled. 


“Power” Transform¬ 
ers for light and power 
are furnished for all 
conditions of commer¬ 
cial frequencies and For either 2 or 3 

?00 * KVA and® lS*’°aU 

to 5000 KVA single or voltages up to 66000. 

three phase. A large 

stock of material and unequalled shop facilities 
enable us to offer the best SERVICE and excep¬ 
tional DELIVERIES. 


A 1500 KVA Installation of heavy 
duty 56000 volt transformers. 


MINING CATALOG 


Typical outdoor mining installation 
of 66000 volt transformers. 
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MOLONEY ELECTRIC COMPANY 


ST. LOUIS. MO. 


FACTOBZBB: 

ST. LOUIS, MO. WINDSOR. ONT. 


NEW YORK 
50 Church St. 

SAN FRANCISCO 
Rialto Bldg. 
BOSTON 
176 Congress St. 
CH.A.RLOTTE 
Commercial Bank Bldg. 
NEW ORLEANS 
515 S. Peters St. 


BZSnZOT OTTZOBS: 

KANSAS CITY CHICAGO 

1322 McGee St. Manhattan Bldg. 

SALT LAKE 

Alaska Bldg. 

PHILADELPHIA BUFFALO 

Real Estate Trust Bldg. Ellicott Square Bldg. 

INDIANAPOLIS ATLANTA 

Traction Terminal Bldg. Candler Bldg. 

CLEVELAND 
Illuminating Bldg. 

MONTREAL TORONTO 

143 Beaver Hall Hill York Bldg. 


MINNEAPOLIS 
Plymouth Bldg. 
LOS ANGELES 
I. W. Heilman Bldg. 

PITTSBURGH 
Union Arcade Bldg. 
DETROIT 

General Motors Bldg. 
BIRMINGHAM 
Brown-Marx Bldg. 


Transformers 
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THE PACKARD ELECTRIC COMPANY 

WARREN, OHIO 


NEW YORK 
Printing Crafts Bldg., 

461 8th Ave. at 34th St. 

Grand Rapids, Mich.—A. L. Searles 
Cleveland, 0.—Dingle-Clark Co. 
Boston, Mass.—R. W. Lillie Corp. 
Pittsburgh, Pa.—H. A. Rapelye 
Philadelphia, Pa.—Electric Power 
Equipment Corp. 


District OflSces 

BUFFALO, N. Y. 
Marine Trust Building 

Agents 

St. Louis, Mo.—C. B. Fall Co. 

San Francisco, Cal.—A. S. Lindstrom 
Los Angeles, Cal.—L. J. Smith 
Seattle, Wash.—Burton R. Stare 
Fort Dodge, la.—J. K. Alline 

Jobbing Distributors 


CHICAGO, ILL. 
420 Wrigley Building 


Birmingham, Ala.—H. M. Gassman 
Baltimore, Md.—0. T. Hall 
Minneapolis, Minn.—White & Converse 
Youngstown, 0.—T. J. Richards 
Charlotte, N. C.—Geo. J. Blum 


Charleston, W. Va.—Charleston Electrical Supply Co. 
Cincinnati, 0.—Post Glover Electric Co. 

Pittsburgh, Pa.—Cooke-Wilson Electric Co. 
Washington, D. C.—Carroll Electric Co. 


Chicago, Ill.—Electric Appliance Co. 

San Francisco, Cal.—Electric Appliance Co. 
New Orleans, La.—Electric Appliance Co. 
Dallas, Texas—Electric Appliance Co. 


Transformers for Every Service 


The Packard Electric Company has been manu¬ 
facturing transformers for over thirty years. 
Thousands of transformers are telling our story in 
the mute language of efficient service in all parts 
of the world. 



Just as the character of a man is indicated by 
the company he keeps, so, we believe, the service 
rendered by the product of any company can be ac¬ 
curately judged by the standing of the Concerns 
who consistently use that product. With this 
thought in mind we have prepared an attractive 
bulletin illustrating some typical installations of 
Packard transformers and will be glad to send a 
copy upon request. 

Just ask for Bulletin No. 210. 

The selection of the proper transformers for your 
specihc conditions of service, means to you above 
anything else, DOLLARS and SATISFACTION. 
TTiere is one inevitable transformer law and that is 


“When a transformer goes down—the overhead 
goes up”. Your transformer^ spell either liability 
or reliability, depending first as to whether they are 
geared to your particular load, and next on their 
design and the material and workmanship that go 
into them. The fundamental transformer equation 

reads as follows: E = ^ ^ ^ X F X T 

10 * 

where E = EMF; B = Flux Density in Core; 
A = Area of Core; F = Frequency; T = Number 
of Turns. This equation contains three unknown 
quantities B, A and T. It will be readily appreci¬ 
ated that real engineering ability and experience 
are necessary in proportioning these three unknown 
quantities so as to build transformers which will 
exactly meet your particular requirements. 

The idea that a “transformer is a transformer” 
is a moth-eaten fallacy. Transformers are as dis¬ 
tinctly different from each other as automobiles or 
motors and those for your plant should be adapted 
to your specific load requirements. If you buy a 
transformer so designed, constructed of the best 
material and built by skilled artisans, you are going 
to eliminate annoying shut-downs with their re¬ 
sultant increase in overheads. 


Packard Transformers are— 

Correctly Designed—Of adequate capacity— 
Built by high class skilled workmen. 

Amply insulated—Properly ventilated—Con¬ 
structed of the best materials. 

Ruggedly braced—Filled with highest quality 
transformer oil. 

Packard Transformers are built in accordance 
with the established standards of the Electric 
Power Club and the American Institute of Electri¬ 
cal Engineers. When properly installed they are 
bound to be a source of satisfaction to you and of 
pride to us. 


Transformer for Every Service, Built to Render But One Kind of Service, “THE BEST” 
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THE PACKARD ELECTRIC CO. 


The Electric Power Club is an association- of 
manufacturers of electric power apparatus and con¬ 
trol equipment, organi 2 sed for the standardization, 
improved production and increased distribution of 
electrical machinery and apparatus. 



The work of the Electric Power Club has meant 
the savin^r of millions of dollars to the buyers of 
electrical apparatus. One of the outstanding bene¬ 
fits of their work is to be found in the standard 
method of tests which they have established for 
transformers. This makes it possible for the buyer 
to make accurate comparisons of the operating 
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characteristics of different makes of transformers 
and to select the one best suited to his particular 
requirements; viz.: Electric Power Club standards 
require that guarantees as to losses and eflficiencies 
shall be based upon a reference temperature of 
75° C and that load losses shall be measured by 
wattmeter when adequate voltage is applied to pri¬ 
mary winding to produce rated current in the sec¬ 
ondary winding, the latter being short circuited. 


CAUTION—^Do not compare transformer load 
losses based on the obsolete practice (I’^R values at 
25° C) with those based on present standard prac¬ 
tice (wattmeter measurements at 75° C). Such a 
comparison would be unfair to both the buyer and 
seller and no reputable manufacturers will submit 
figures based on PR values at 25° C. 

In the design of Packard transformers, due con¬ 
sideration has been given to the variable charac¬ 
teristics, each of which is, to a certain extent, de¬ 
pendent upon the other. We have, therefore, 
given the losses a scientific balance which results 
in the greatest economy and service to the pur¬ 
chaser. We court a fair comparison and are only 
too glad to place Packard Transformers in com¬ 
petitive test with any other transformer on the 
market. 

We have secured a supply of Bulletins published 
by the Electric Power Club covering the “latest 
transformer standards” and will be glad to send 
you one of these bulletins upon request. 

For the purpose of effecting economies in the 
manufacture and sale of transformers a definite 
range of sizes has been adopted as constituting a 
standard line. For your convenience we list below 
a tabulation of these sizes in the 2300 volt and 6600 
volt line of distribution transformers, together with 
mechanical data. Further data on these trans¬ 
formers and complete information on power trans¬ 
formers will be furnished promptly upon request. 


PAOKAJtD TTVB A KIOK BmOIBBOT DIBTBIBimOB 
TBABSFOBMBBB 

Oil-ZmiiMn«d 8«lf-Cool«d Outdoor Typo for Bln^lo Fliao# 
eo Oyolo Borrloo—Tomporaturo Sloo 05 °G. 

High Voltage Low Voltage 

2200 110/220 

2300 115/220 

2400 120/240 


KV-A 

Outlined Dimensions 
(Inches) 

Gallons 

Oil 

Per 

Trans. 

Net Weight 

1 (Pounds) 

Height 

Over 

1 Cover 

Projected 

Floor 

Area 

Trans. 
Only 1 

1 

1 Oil 

1 


15 

15x11 

1V4 

1 117 

10 

3 

17 

17x12 

1% 

145 

14 

5 

22 

19x14 1 

3% 

240 1 

26 

7 

28 

22x15 

5% 

340 

44 

10 

28 

22x15 

5 

380 

40 

15 

31 

26x17 

7 

1 490 ' 

56 

25 

32 

28x22 

19 

1 475 

152 

37% 

38 

28x22 

28 

1 600 ' 

224 

50 

40 

34x26 

34 

1150 

272 

75 

52 

40x28 

72 

1 1450 

576 

100 

70 

40x28 

105 

1800 

1290 

150 

82 

45x31 

190 

1 2200 

1635 

200 

100 

45x31 

240 

1 2500 

1895 


FACZABD TTFB A KZOK BFFZCXSHCT DX8TBZBUTIOB 
TBABSFOBMBBB 

Oil-Zmmonod 8olf-Cooled Single Fhase 60 Cycles 
Temperature Blse 55 ”C. 

High Voltage Low Voltage 

6600/11430 “Y” 110/220 


KV-A 

Outlined Dimensions 
(inches) 

Gal. 

Oil 

Approx. Shpg. 
Weight, Lbs. 

Height 

Over 

Cover 

Floor 

Area 

Height 

Over 

Bush¬ 

ings 

Trans. 

Only 

on 

1% 

17 

17x12 


3 

140 

24 

3 

28 

22x15 


5 

232 

40 

5 

28 

22x15 


8 

300 

64 

7% 

31 

26x17 


9 

375 

72 

10 

33 

27x19 


13 

575 

104 

15 

33 

27x19 


40 

650 

320 

25 

33 

28x21 


20 

600 

160 

37% 

40 

34x26 


52 

1100 

416 

50 

46 

40x28 

55 

65 

1350 

520 

75 

63 1 

40x28 

73 

100 

1500 

800 

100 

69 1 

45x31 

79 

160 

2000 

1280 

150 

81 ' 

45x31 

91 

190 

2400 

1520 

200 

88 <1 

54x36 

98 

310 

1 1 

3000 

2480 
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TRANSFORMERS. 


PITTSBURGH TRANSFORMER COMPANY. 


Pittsburgh Transformer Company 

PITTSBURGH, PENNSYLVANIA 


Largest Manufacturers of Transformers Exclusively in the United States 

District Offices 


NEW YORK.30 Church Street 

CHICAGO.724 Harris Trust Building 

BUFFALO.601 Electric Building 


PHILADELPIA—Rumsey Electric Company 
BOSTON—Wetmore-Savage Company 
DETROIT—F. R. Jennings Company 
AKRON—Verne W. Shear & Company 
CLEVELAND—Verne W. Shear & Company 
PITTSBURGH—Iron City Electric Company 
BIRMINGHAM—General Machinery Company 
CINCINNATI—Piper Engineering Company 
SEATTLE—Eicher & Bratt 

SAN FRA.NCISCO—Coast Equipment Company 
LOS ANGELES—Coast Equipment Company 
ST. LOUIS—W. L. Rose Equipment Company 


Distributors 

ATLANTA—Southern Electric Supply Company 
CHARLESTON—Engineering Service Company 
GREENVILLE—Southern Textile Machinery Co. 
NEW ORLEANS—Interstate Electric Company 
KANSAS CITY—J. P. Schaefer & Company 
ST. PAUL—Savage & Winter Company 
INDIANAPOLIS—R. M. Cass 
SALT LAKE CITY—F. W. Wilson 
DES MOINES—F. H. Boyer 
DENVER—Intermountain Sales Company 
LINCOLN—Enterprise Electric Company 
CHICAGO—Federal Electric Company 


Pittsburgh Polyphase Transformers former on the American market today will operate 

A distinctly “Pittsburgh*’ development for open delta, we believe, 
three phase operation. The only transformer, we Another characteristic, demonstrating the fund- 
believe, manufactured today that can be operated amental difference in the Pittsburgh Pol 3 rphase 
Open Delta three phase, the result ot the more Transformer, is that it will operate full capacity 
efficient, symmetrical Pittsburgh Polyphase design, single phase. 

which also accomplishes higher efficiency. As a further indication of the flexibility and 



Cross section of large Pittsburgh Polyphase Transformer, showing fluted tank, ventilated elliptical colls 
and core closely conforming to the elliptical aperture. 


Compared with three single phase transformers 
of equal capacity, this new Pittsburgh Polyphase 
Transformer has the following advantages: 

Less Weight. 

Less Space Occupied. 

Lower Core Loss. 

Lower First Cost. 

Lower Maintenance Charges. 

Lower Transportation Charges. 

Lower Cost for Supporting Platforms and Poles. 

Lower Installation Cost. 

Higher Efficiency. 

Will Operate Open Delta. 

All Steel. 

The Pittsburgh Polyphase Transformer is not a 
mere improvement,—it is a fundamental change in 
design, resulting in a more efficient transformer. 

In addition to this high efficiency, the Pitts¬ 
burgh Polyphase Transformer has none of the dis¬ 
advantages, when operating three phase, that the 
old three phase transformer exhibited. For in¬ 
stance, in the Pittsburgh Polyphase Transformer, if 
- one coil is damaged, the remaining two coils may 
operate open delta. No other three phase trans- 

SECTION V 


adaptability of the new Pittsburgh Poljrphase 
Transformer, two of the phase windings may be 
operated open delta three phase for motor load, 
and the remaining winding operated single phase 
for lighting load, if desired. 

The improved efficiency and better operating 
characteristics in the Pittsburgh Polyphase Trans¬ 
former are secured in the basic design, involving 
the mutual relation of the materials, more than 
from the actual quantity of materials used. 
Pittsburgh Single Phase 'Transformers 

Like the Polyphase Transformers, Pittsburgh 
Single Phase Power and Distributing Transformers 
employ the double magnetic circuit core with verti¬ 
cal coil surrounding the central leg, which has 
proven so successful. 

All Pittsburgh Transformers have the elliptical 
coil construction,—a fundamental invention and de¬ 
velopment of the Pittsburgh Transformer Com¬ 
pany. The elliptical coil permits the legs of the 
core to be deep and narrow, which is best for mag¬ 
netic and inductive efficiency. This design results 
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PITTSBURGH TRANSFORMER COMPANY. 


TRANSFORMERS. 2fi5 



An installation of two 3000 Kva Pittsburgh Polyphase Transformers operated by 
Edison Electric Illuminating Company, Boston, Mass. 


in low exciting current, and low exciting current 
is of the utmost importance to prevent surges when 
switching transformers on and off the lines, as 
well as keeping up a high power factor. 

At the same time, this design permits ample 
cooling channels to be formed in the coils. These 
vertical cooling channels establish a vigorous cir¬ 
culation of the cooling oil. Furthermore, the coil 
rigidity, due to this elliptical construction, not only 
contributes to the mechanical life of the trans¬ 
former, but aids in a large measure in preventing 
disintegration or break-down of surrounding in¬ 
sulation. 

Pittsburgh Features 

All Pittsburgh Transformers are wound with 
standard copper. No special copper of any kind is 
employed. Thus in five, ten or twenty years, should 
accidents occur to the transformers, the copper 
wire can be secured from stock and no delay occur 
in repairing. 

Tanks are made wholly of Copper Alloy Steel, 
in our own factor, and every detail receives our 
personal supervision. No cast iron is used in any 
Pittsburgh Tanks to hold oil. In the larger tanks, 
we have heavy Copper Alloy Steel bottoms welded 
in—not cast iron with vertical corrugations of 
sheet steel. Porous cast iron will not hold hot 
transformer oil without leaking and cast iron is 
also much heavier. For these reasons we have 
abandoned the use of cast iron entirely as a con¬ 
tainer for oil. 

All Pittsburgh Power Transformers are so con¬ 
structed that they may be shipped full of oil, and 
all the customer has to do on receipt of the trans¬ 
formers is to connect them to the line. No hoist¬ 
ing of oil barrels in the air ai^ draining into the 
tank. Transformers can be installed more cheaply, 
and several days quicker and no drums to return. 

Pittsburgh Transformer Breather 

All Pittsburgh Power Transformers, Single and 
Polyphase, are air-tight and equipped with the 
Pittsburgh Breather. This device prevents the 


entrance of moisture into the transformer, and re¬ 
moves dust and dirt from the air entering the 
transformer. 

Extensive and long-continued tests have proven 
the value and efficiency of the Pittsburgh Breather, 
and we recommend and urge that this additional 
protection be given your transformers. The Pitts¬ 
burgh Breather may be installed on transformers 
of any make, and as the cost is negligible for the 
safety provided, we believe this additional factor 
of safety is well worth its cost. 



Pittsburgh Power Transformer with Breather 
mounted on top of Safety Valve 
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WIRE AND CABLE. 


AMERICAN STEEL & WIRE CO. 


AMERICAN STEEL & WIRE CO. 


OHIO GO. 

NEW t'ORK. 

WORCESTER.... 

BOSTON. 

PHILADELPHIA 
PITTSBURGH... 

BUFFALO. 

DETROIT. 

CINCINNATI. . .. 


SALES OFFICES 

208 So. La Salle Street 

.30 Church Street 

.94 Grove Street 

....185 Franklin Street 

.Widener Building 

.Frick Building 

.337 Washington Street 
... Foot of First Street 
..Union Trust Building 


CLEVELAND.Western Reserve Building 

.*2 So. Charles Street 

^LKES-BARRB, PA.Miners Bank Building 

ST. LOUIS—Liberty Central Trust Company Bldg. 

KANSAS CITY.417 Grand Avenue 

ST. PAUL-MINNEAPOLIS.Pioneer Bldg.. St. Paul 
OKLAHOMA CITY. ..1st National Bank Building 

BIRMINGHAM. ALA.Brown-Marx Building 

DENVER.1st National Bank Building 

SALT LAKE CITY.Walker Bank Building 


Export Representative: U. S. Steel 
Pacific Coast Representative: U. S. 
San Francisco Los Angeles 


Products Co., New York 
Steel Products Company 
Portland Seattle 


ELECTRICAL WIRES 


Products 

Electrical Wires and Cables, including Copper 
Trolley Wire; Hard Drawn Copper Telegraph and 
Telephone Wire; Magnet Wire; Annunciator Wire; 
Office Wire; Weatherproof Wires and Cables; Slow 
Burning Wires and Cables; Lamp Cords; Electric 
Heater Cord; Rubber Covered Wire for Interior 
Wiring; Feeder Cables; Switchboard Cables, Rub¬ 
ber Covered; Fireproof Cables; Duplex and Con¬ 
centric Cables; Fixture Wire; High Voltage Cables; 
Lead Encased Cables for Lighting and Power; Gal¬ 
vanized Telephone and Telegraph Wire; Rail Bonds. 

Everything in the Wire and Cable line. 

Copper TroUey Wire 

Trolley wire is made generally of hard drawn 
copper in three shapes. Round, Grooved and Figure 
8. Though seldom called upon to make trolley wire 
larger than 4/0 or smaller than 1/0 American Wire 
Gauge, we are prepared to make other sizes. 

We can furnish any size copper wire cut to spe¬ 
cial lengths. 



Pignr* 8 


OZMBSnOVB or KA»I> DBAWST OOFFBB nOUBT WXBB 


Section of 
Trolley 
Wire 

Amercan 
Wire Gauge 
(B. &S.) 

Sectional 
Area in 

Cir. Mils 

■ 

B 

C 

D 


0 

105,600 

.325 

.1625 



Round 

00 

183,200 

.865 

.1825 




000 

168,100 






0000 

211.600 


.230 


.... 

Grooved 

00 

133,200 

.392 

.196 


.20 

American 

000 

168,100 

.430 

.215 


.22 

Standard” 

0000 

211,600 

.482 

.241 


.25 


00 

133,200 

.480 

.352 


1 .196 

Figure 8 

000 

168,100 

.540 

.400 


.222 


0000 

211,600 

.600 

.450 

.150 

1 .250 
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Extra Flexible Cables 

We manufacture bare copper cables having a 
high degree of flexibility due to their being made of 
a large number of small wires. These cables are 
used for flexible connectors, for commutator 
brushes, and similar purposes. They are made 
both concentric and rope lay. 

Hemp Core Cables 

In order to reduce the skin effect in conductors 
carrying heavy alternating currents of high fre¬ 
quency, it is customary to use a specially construct- 
^ cable having a hemp center. This style of cable 
is also required in many long distance transmission 
lines in order to increase the diameter enough to 
prevent corona effects due to very high potentials. 

We are prepared to manufacture this style of 
cable to any specifications. 

Special Transmission Strand 

This is a combination of High Strength Steel 
Wire and Hard Drawn Copper Wire, twisted into a 
concentric strand of 7, 19, 37 or more wires, the 
copper wires being on the outside. 

The essential feature of this combination is the 
high tensile strength it affords. It is especially 
useful in cases where it is necessary to stretch the 
transmission lines over long spans. 

Magnet Wires 

All copper wire drawn for magnet purposes is 
thoroughly annealed by processes which insure uni¬ 
form and extreme softness, highest conductivity 
and ease of handling. Before the insulation is ap¬ 
plied, the wire is thoroughly inspected for size and 
uniformity of dimensions and to see that it is free 
from scale and other surface imperfections. 



Single Cotton Covered Magnet Wire 



Double Cotton Braided Magnet Wire 
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WIRE AND CABLE. 



Round Asbestos and Single Cotton Covered Magnet Wire 


All magnet wire is insulated in special machines 
by skilled operators. We are not only prepared to 
produce large quantities of the ordinaiy commer¬ 
cial sizes of cotton covered ma^et wire, but are 
also in position to and do furnish large amounts 
of fine sizes for special work, both silk and cotton. 
All magnet wire is not only inspected for knots, 
skips, smoothness and unevenness of insulation 
during manufacture, but is given a final inspection 
and test for continuity before packing. 

Magnet wire is furnished covered with single, 
double or triple cotton or silk, with asbestos and 
cotton, and with paper. We are also prepared to 
make special kinds of magnet wire for particular 
purposes. The covers are wound spirally around 
the wire, successive layers being wound in opposite 
directions. 

Made in American Wire Gauge (B. & S.) from 
0 to 19. Finer sizes made from 20 to 40 gauge. 

Annunciator Wire 

This wire is used for primary battery circuits, 
for call bells or annunciator wires. Commercially 
pure, soft copper wire, varying in size from No. 14 
American Wire Gauge (B. & S.) to No. 22 is used. 
This is insulated with two firm winds of cotton 
applied in opposite directions and saturated with 
our specially prepared paraffin wax compound. 
The outside wrap is made of any color or combina¬ 
tion of colors, the most common being bright and 
fast red or blue, with white. This wire is put up 
on spools weighing about 7 pounds net. 


Annunciator Wire 

OflSce Wire 

The standard grade consists of a copper con¬ 
ductor varying in size from No. 14 to No. 20 Amer¬ 
ican Wire Gauge, insulated with one wind and one 
braid of cotton, both, of which are applied tight and 
even. This grade of wire is used extensively for 
telephone and telegraph inside wiring. 



*‘Black Core” or “Damproof” Office Wire 


Weatherproof Wires and Cables 

This grade has a moderate degree of insulation 
and is less expensive than rubber insulated con¬ 
ductors. For outdoor service, our double and triple 
braid Reliance Weatherproof Wire meets these re¬ 
quirements in every particular, while for inside 
purposes we offer a superior grade of Slow Burning 
Wire. We make these wires and cables in strict 
accordance with the requirements of the National 
Board of Fire Underwriters, the sizes varying from 
No. 20 to the largest feeder cables used, American 
Wire Gauge. 
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Reliance Weatherproof Insulation 

The wires are first covered with two or three 
closely and evenly woven braids of strong fibrous 
material, after which they are placed in a hot 
bath of weatherproof insulating compound, where 



Reliance Weatherproof Wire 
Solid Copper Wire. Double Braid, Black Finish 



Reliance Weatherproof Wire 
Solid Copper Wire. Triple Braid, Black Finish 



Reliance Weatherproof Cable 
Stranded Copper Conductors, Double Braid, Black Finish 
All Above Itfade from 0000 to 18 Gaugre Inclusive 



Reliance Weatherproof Cable 
Stranded Copper Conductors, Triple Braid, Black Flnieh 
All Sizes up to No. 8 Gauge 



Reliance Weatherproof Iron Wire, Double Braid 
Made in Sizes from 4 to 18 Gauge Inclusive 



Reliance Weatherproof Iron Wire, Triple Braid 


they remain sufficiently long to completely and 
thoroughly saturate the fibrous insulation. After 
thoroughly drying, the wire receives a dressing 
of mineral wax, after which the surface is bur¬ 
nished and polished, reducing to a minimum trouble 
from sleet and ice. The superior grade of com¬ 
pounds used in our Reliance Weathe^roof insula¬ 
tion for wires and cables imparts a high degree of 
dielectric strength and overcomes the destructive 
action of the elements.. This insulation is firm, 
durable and tough and possesses great mechanical 
strength, which enables it to withstand pressure 
and mechanical abrasion. The compounds contain 
no solvents which subsequently evaporate, leaving 
the compound to dry and fall out, thus destroying 
the insulation. They will withstand all ordinary 
climatic conditions. 

Reliance Slow Burning Wires and Cables 

The insulation of this wire will not carry flame. 
It is especially useful on the backs of large 



Reliance Slow Burning Wire 
Solid Conductor, Triple Braid, White Finish 

switchboards where wires are brought together, or 
in a wire tower, where the accumulation of rubber 
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or weatherproof insulations would result in an 
objectionably large mass of highly inflammable 
materials. This wire is made in strict accordance 
with all of the requirements of the National Board 
of Fire Underwriters. Each insulation braid is 



Reliance Slow Burnlngr Cable 
Stranded Copper Conductor, Triple Braid, White Finish 


conductors are thoroughly and evenly coated with 
tin to protect the copper from any injurious eff^ 
from the sulphur in the rubber insulation. 

Made in all sizes and for all voltages. 



Americore Wire, Solid Tinned Copper Conductor 



Amerlcore Cable* Stranded Tinned Copper Conductor 


completely saturated with our white slow burning 
compound and the outside is thoroughly slicked 
down and given a hard, smooth, white surface. 

Made in all commercial sizes. 

Special Weatherproof and Slow Burning Wires 

We are prepared to furnish the above for special 
purposes. The wires may have a single coating of 
black weatherproof and white slow burning cover¬ 
ings or they may have three coatings, two of slow 
burning and one of weatherproof, or conversely as 
specified. Made in accordance with the require¬ 
ments of the National Board of Fire Underwriters. 

We are also prepared to furnish any of these 
various kinds of weatherproof or slow burning 
wires twisted into pairs, or formed into cables 
having any number of conductors, the conductors 
so formed being encased in one or more finished 
braids or with tape and braid, as may be specified. 

Lamp Cord 

Incandescent lamp cord in short lengths is used 
for exposed wiring in offices, etc., to connect the 
concealed wiring with drop lights, brackets and 
portables. Can also be used for any purpose where 
a short flexible connecting conductor is desirable. 
The conductor consists of a number of small un¬ 
tinned annealed copper wires, each No. 30 Amer¬ 
ican Wire Gauge, having a diameter of .01 in., 
twisted into a cable of the required carrying ca¬ 
pacity. This conductor is then covered with a tight, 
close wind of cotton, after which it is insulated 
with seamless rubber and then covered with an 
ornamental braid of silk or cotton. Two of these 
finished conductors are then twisted together, or in 
some cases they are laid parallel and braided over¬ 
all with silk or cotton, in each case forming the 
two branches of a circuit. 



Lamr> Cord of All Kinds and Sizes 


Made in gauges of from 10 to 22 inclusive, 
American Wire Gauge, and put up in coils of 250 
feet. Sizes 16 and 18 are put up in packages con¬ 
taining 1000 and 3000 feet each, as desired. 

Americore Rubber Covered Wire 

The conductor consists of a uniformly soft an¬ 
nealed commercially pure copper wire. It may be 
used in the solid form up to size 1/0, or in special 
cases even up to 4/0, or in the stranded form. All 



Americore Feeder Cable 



Americore Rubber Covered Switchboard Cable 

Duplex Concentric and Parallel Flexible Cables 
Made in American Wire Gauges from 2 to 10 
inclusive. 



Parallel Flexible Cable 



Duplex Concentric Flexible Cable 


Duplex Concentric Cable is made in American 
Wire Gauges from 4 to 8 inclusive. 

Amerite Wires for Arc Light and High Voltage 
Transmission Lines 

These rubber covered wires and cables are made 
to the most exacting specifications, in any size or 
finish and for all services and voltages. The insu¬ 
lation contains only the highest grade of Para 
rubber and other necessary preserving ingredients 
of proper composition and thickness for the service 
for which the cable is intended. 



Solid Conductor, Insulated and Braided 



Twin Wires, Insulated and Braided 

Conductors can be furnished solid, stranded or 
extra flexible, as ordered, annealed and heavily 
tinned. 
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Sub-Station Wire 

Made in Sinjrle Conductor, Twisted Pair and 
Triple Conductor, for inside service. Conductors 
are No. 9 American Wire Gauge, soft drawn tinned 
copper, insulated to a diameter of 3/32 of an inch 
over rubber, covered with a single hard glazed cot¬ 
ton braid. Each style has different color of cover 
for easy identification. 



Double Conductor Sub-station Wire 



Triple Conductor Sub-station Wire 


Rubber Covered Iron Telephone Wire 

This is a single conductor, generally of No. 18 
or No. 14 American Wire Gauge, the conductor be¬ 
ing iron wire galvanized and insulated with code 
thickness of vulcanized rubber, either single or 
double braid, weatherproof saturated and wax pol¬ 
ished. Can be furnished in twisted pairs. 



Rubber Covered Iron Telephone Wire 

Lead Encased Lighting and Power Cables 

For underground, submarine or aerial service. 
A heavy rubber cable, lead sheathed, armored or 
lead encased and armored for all services and volt¬ 
ages and finished in any style. This form of en¬ 
closure has proved the most effective for resisting 
the destructive agencies in mine work. 

We also contract for the complete installation 
of underground or submarine cables, or superin¬ 
tend installations as may be required, having a 
large and well equipped department for this class 
of work. 



Americore Lead Encased Cable 


Amerlcore Lead Encased Cable 


Flat Steel Taped Cables 

This type of cable is a standard for light¬ 
ing purposes and in places where installation 
is difficult or impossible owing to the absence of 
ducts. It is installed by laying in a trench 15 to 30 
inches deep. It is economical and easy to install 
and really makes a safe and reliable substitute for 
the more expensive conduit system. 

Made with Single, Twin and Three conductors, 
thoroughly insulated, taped separately, covered 
with lead over all, then jute, first steel tape, second 
steel tape, then jute over all. 

We are in position to furnish these cables cov¬ 
ered with special non-magnetic tapes. 



Flat Steel Taped Cable, Single Conductor 



Flat Steel Taped Cable, Double Conductor 


Extra Galvanized Telephone and Telegraph Wire 

There are three standards of galvanized tele¬ 
phone and telegraph wires in commercial use. 

“Extrh Best Best” (E. B. B.) made by improved 
continuous process and stands highest in conductiv¬ 
ity of any telegraph wire with a weight per mile 
ohm under 5,000 lbs. Uniform in quality, pure, 
tough and pliable. 

“Best Best” (B. B.) Superior to the E. B. B. 
in mechanical qualities and equal in galvanizing, 
but of somewhat lower electrical value. Weight 
per mile ohm 5,600 to 6,000 lbs. Largely used in 
telephone service. 

“Steel” (or homogeneous metal) more expressly 
designed for short line telephone service, where a 
measure of conductivity can be exchanged for high 
tensile strength in a light wire. Weight per mile 
ohm 6,500 to 7,000 lbs. 

All grades are galvanized to the highest com¬ 
mercial standard. 

Made in American Wire Gauges of 4, 6, 8,10,11, 
12 and 14, but can be supplied in special gauges 
when required. 

American Tinned Steel Armature Binding Wire 

Made in American Wire Gauges of from 10 to 
26 inclusive, and in four grades. 

Grade A—115,000 to 125,000 lbs. tensile 

strength per sq. in. Used to bind Armatures of 
small motors and dynamos. 

Grade B—^200,000 to 220,000 lbs. tensile 

strength per sq. in. Commercial grade, used for 
motors and dynamos of ordinary commercial size 
and speed. 

Grade Cl or Grade Special—240,000 to 270,000 
lbs. tensile strength per sq. in. Made of high grade 
rope wire and used where great strength is required. 

Grade C2 or Grade C—300,000 to 350,000 lbs. 
tensile strength per sq. in. Used on motors and 
dynamos of unusual size and high speed. 

Armature Binding Wire is furnished in coils or 
on spools. Standard coils weigh from 5 to 75 lbs. 
each. Standard spools weigh 5, 10, 25, 50 and 100 
lbs. each. 




Americore Lead Encased Cable 
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HAZARD MFG. COMPANY 


WILKES-BARRE, PA 

NEW YORK PITTSBURGH CHICAGO DENVER 

683 Canal Street First Nat’l Bank Bldg. 552 W. Adams Street 1415 Wazee Street 


INSULATED WIRES AND CABLES 

“MADE FOR USERS WHO WANT THE BEST” 



BIRMINGHAM 
1701 First Ave. 


HAZARD 

WIRES 


Products 

Rubber Insulated and Bare Copper Wires and 
Cables for Light and Power Transmission, Tele¬ 
phone, Telegraph, Signals, Mining Machines and 
Electric Locomotives. 

Rubber Covered Wires and Cables 

Manufactured of pure copper wire, drawn true 
to gauge in our own mills, thoroughly tinned. The 
Rubber Insulation is compounded of the highest 
grades of Para rubber and stands up under the most 
rigid requirements of service. The braids are 
closely woven and thoroughly saturated with 
weatherproof compound to make them impervious 
to water and weather. All Wires before shipping 
are subjected to test in tank under voltages much 
higher than those encountered in actual service. 
BLAZARD Wires and Cables bear our guarantee of 
satisfactory service. 

Hazard Spiralweave Cables 

For use in locations where especially severe 
conditions of acid water, moisture or abrasion are 
encountered. SPIRALWEAVE Cables possess 


great longitudinal strength and will stand an ex¬ 
traordinary amount of wear and abrasion. They 
are especially serviceable for shaft signal work, 
and inside power lines. 

Hazard Spiralweave Cord 

A hard service extension cord, for use in con¬ 
nection with portable lights and electric tools of 
all kinds. 



No. 18—Two-Conductor Spiralweave Cord 


HAZARD SPIRALWEAVE Cord is very flex¬ 
ible and has exceptional tensile strength. The 
cover is an extra heavy, tough and wear-resisting 
weave. The heavy multiple cotton cords run 
parallel to the conductors instead of at an angle 
and therefore supply strength to withstand the 
hard pulls which are often encountered. 


Bare Ct^per Wires and Cables 

For Telephone and Power Transmission, Bonds, 

etc. 

Mining Machine Cables 

HAZARD Mining Machine Cables are made in 
Twin flat form or Concentric Round form. The 
braids are heavy and closely woven to protect the 



Concentric Mininsr Machine Cable, Style “A” 


rubber insulation, and thoroughly saturated with 
weatherproofing compound to prevent the injurious 
action of moisture. For the outer covering we 
strongly recommend HAZARD Hard Service 
Braids, described here. 

Hazard Hard Service Braids 


These braids, consisting of hard double twisted 
seine twine, are designed to minimize the wear on 
the outer coverings of portable conductors. This 



Hazard Hard Service Twin MininiT Machine Cable 


special hard and tough covering greatly increases 
the life of Mining Machine and Locomotive Cables 
at a comparatively slight increase in first cost. 

Armored Cables 

HAZARD Armored Cables for power transmis¬ 
sion down shafts and bore holes are made to meet 
special requirements. They may be made with pro¬ 
tective coverings of rubber, lead, steel armor and 
tarred jute. 



Two Conductor Concentric Armored Shaft or Borehole Cable 


(See Page 422 on Hazard Wire Rope.) 
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Standard Underground Cable Co. 

Factories: St. Louis, Mo.; Oakland, Calif.; Pittsburgh, Pa.; Perth Amboy, N. J. 

Branch Sales Offices 

BOSTON PHILADELPHIA PITTSBURGH CHICAGO DETROIT SAN FRANCISCO SALT LAKE CITY 

NEW YORK WASHINGTON ATLANTA ST. LOUIS KANSAS CITY LOS ANGELES SEATTLE 

FOR CANADA: Standard Underground Gable Co. of Canada, Ltd., Hamilton. Ont. 

Standard Electrical Wires, Cables and Cable Accessories 

For All Electrical Requirements; Telephone, Telegraph, Signal, Lighting, Power, Etc. 


Products 

Tubes, Rods, Shapes—Copper, Brass and 
Bronze. Write for Bulletin 100. 

Bare Wire and Cable—Copper, Bronze and 
Colonial Copper Clad, solid or stranded, for all pur¬ 
poses. Write for C. C. C. Bulletin 202. 

Magnet Wire—^Round, Flat and Rectangular 
Shapes; Single, Double or Triple Insulation, Cotton 
or Asbestos. 

Weatherproof and Slowbuming Wires and 
Cables—Double or Triple Braid Insulation. Write 
for Bulletin 400. 

Rubber Insulated Wires and Cables—“Sterling’^ 
National Electrical Code standard, “Tip Top” inter¬ 
mediate, 30% Para, and all standard or special speci¬ 
fication material, for all classes of service. Write 
for Bulletin 600. 

Mine Cables—^All standard t 3 i>es of Mining 
Cables, Gathering Locomotive Cables, etc. Write 
for Bulletin 600. 

Lead Covered Cables—^Rubber, Varnished Cloth 
or Paper Insulation, for all working voltages and 
aU classes of service. 

Armored Cables — “Wearproof,” “Basket 
Weave,” Double-Steel-Tape or Wire Armors fur¬ 
nished on any type of cable. Write for Bulletin 
680. 

Special Finishes—^Weatherproof, Flameproof, 
Seine Twine, Circular Loom, Asphalted Jute or 
Special “P” finish (to resist acid mine water) fur¬ 
nished on any type of cable. 

Bore Hole. Cable—Any type of leaded or non- 
leaded cable furnished with special wire armor 
with supporting head, and served at intervals of 26 
feet, so designed as to prevent the cable slipping in¬ 
side the armor. Furnished with Bore Hole Cable 
Support, D.O.A. and “Mine Shaft” Terminals, com¬ 
plete. Write for Bulletin 700. 

Cable Accessories—^Terminals: Type D.O.A. for 
outdoor service and Type D.S. for indoor service. 
Write for Bulletins 700 and 710. 

Junction Boxes add flexibility to power cable 
distribution systems. 

Jointing Materials, including “Ozite” Insulat¬ 
ing Compound, Copper Connectors, Insulating 
Tapes, Jointing Tubes, etc. Suitable cable acces¬ 
sories insure proper protection and facilitate the 
installation and operation of cables. Write for 
Bulletin 740. 



Paper Insulated Double-Steel-Tape-Armored Cable 



Gathering Locomotive Cable 

Braijl may consist of weatherproof jute, hemp or seine twine. 




Type DS (Indoor) 
(^ble Terminal 


Type DOA 
(Outdoor) 
Cable Terminal 


Standard 

HEAD SERVING 


Standard 


BORE HOLE 


suppoflcr 


MIfff ABMOAtO CAfilQ 


Bore Hole enable 
Complete with 
Cable Support 
and Terminals 


CROSS 

ARM 

BRACAET 


ARMOR 

CLAMP 


MINE SHAFT 

terminal 


Constniction Work 

Our trained ei^erts are available to install or 
supervise installation of our cables. 


Communicate with our nearest office for further 
data, prices, etc. Our 40 years' experience are 
back of our products and at your service. 
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BUSSMANN MANUFACTURING CO. 



\NN MANUFACTURING 

ST. LOUIS 

DEALERS AND DISTRIBUTORS IN EVERY PRINCIPAL CITY 

Manufacturers of Electric Fuses 


INSERT 

THCUNK 


BUSS Renewable Fuses, 3 to 60 Amp. 

Hands are all you need to renew this fuse. No searching for tools. Full 
length cap gives such a large gripping surface that anyone can pull the 
•cap up tight without a screwdriver. ^ . 

Four parts and the renewal link all that have to be handled in renew¬ 
ing this fuse. All parts are readily accessible, which with the reduced 
number of parts and the simplicity of all parts makes It possible to renew 
this fuse in least possible time, and renders it Impossible to make a mis¬ 
take In assembling the fuse. The washer Is perfectly flat. It can only 
he assembled one way—^tho eorroot way. Good contact Is always assured. 

Cap has six full threads. Impossible to have the threads crossed with¬ 
out it being plainly apparent. 

Link eannot twist or turn. On the closed end, this Is very evident and 
on the other end the oblong hole or slot Is so placed in washer as to hold 
link against side of square hole in end ring thus preventing twisting of 
the link. 

Good contact insures long life of renew¬ 
able fuses. Poor contact is the only and 
invariable cause of charred flbre tubes. 
The Buss fuse practically eliminates this 
loss because of these reasons: 

Full length one-piece cap assures 100% 
contact with fuse block clip. 

The firm grip of the fuse clips keeps 
vibration from loosening the cap which 
maintains contact pressure on the link. To 
insure good contact, see that clips grip cap 
tightly. 

Projection in cap gives positive bearing 
on link. Recess in cap collects all ex¬ 
pelled metol thereby preventing sticking of 
cap and Injury to contact surface. 

End rings are attached to tube by 
threads and pins. The pins are driven In 
from the end, and prevent rotation of the 
rings. ^ 

Caps do not overlap the fibre tube. 
Swelling of the tube will not prevent readi¬ 
ly taking off and easily putting back on 
of caps. 

BUSS Renewable Fuses, 65 to 600 Amp. 

Three parts and the link are all that have to be handled In renewing 
this extraordinary fuse. Saves time in renewing. Saves loss of small 
parts. Least possible number of parts to be handled. 

Terminals held together by a terminal support. Saves time in renew¬ 
ing —^makee renewal easy. Prevents any possible strain or injury to the 
link. Terminals are always perfectly aligned. This terminal support is 
made of flbre. It is so constructed and used, that its durability in every 
way equals that of the flbre tube. 

Closing washers are permanently attached to the terminals. No small 
parts to lose or misplace. No loose washers to be handled In renewing. 
Impossible to but partially assemble the fuse. 

Knurled Venting Discs insure positive, 
reliable and controlled escape of gases. 
Venting is through a positive path (not 
through cap threads) and prevents excessive 
and perhaps bursting strain on case. Re¬ 
tains sufficient pressure inside case to 
quench arc, yet releases enough pressure to 
avoid any injury to case. Action Is uni¬ 
formly of one kind—the right kind. Posi¬ 
tive. reliable and controlled escape of gases 
adds measurably to life of case. 

Inner rings prevent distortion of flbre 
tube. Rings are always sure to be tight 
whether flbre shrinks or swells. 

Only one removable cap. Only one cap 
to handle in renewing, other cap is per¬ 
manently connected to the case. Fuse can¬ 
not be wrongly closed. 

All parts extremely simple. Insures long 
life and unlimited renewals. No tricky or 
annoying adjustments to be made In as¬ 
sembling. Fuse will never be thrown out 
by an inexperienced or irritated workman. 
All easily broken parts are eliminated. 



SUPON 

THE 

LINK 



THE FUSE IS 
READY FOR SERVICf 


Renewal Links 

Identical in size and Inter¬ 
changeable with all Standard 
m*ke8 of renewable fuses. 





Length 

Dlam. 

Weight 


Price 

Price 




Over 

of 

Per 100 

Std. 

Com- 

Be- 

Amperes 


All 

Tube 

Fuses 

Pkg. 

plfta 

newal 




Inches 

Inches 

Lbs. 


Fuse 

Link 

/ 3 

to 

30. 

2 

% 

6 

100 

$ 0.50 

10.03 

\ 35 

to 

60. 

3 

% 

16 

100 

1.00 

.05 

250 ; 65 

to 

100. 

5% 

1 

48 

60 

2.00 

.10 

Volt \ no 

to 

200. 

7% 

1% 

116 

26 

4.00 

.15 

1 226 

to 

400. 

8% 

2 

236 

25 

7.50 

.30 

\ 460 

to 

600. 

10% 

2% 

356 

10 

ii.ool 

' .60 

/ 3 

to 

30.1 

5 

% 

19 

100 1 

i:io 

1 .05 

4 36 

to 

60. 

5% 

1 

36 

100 

1.25 

1 .06 

600 / 66 

to 

100. 

7% 

1% 

74 

50 

3.00 

1 .10 

Volt \ no 

to 

200. 

9% 

1% 

167 

26 

5.00 

' .15 

i 226 

to 

400. 

11% 

2% 

462 

26 

11.00 

: .30 

1 460 

to 

600. 

13% 

3 

640 

10 

16.00 

1 .60 


All sizes approved and labeled "UND. LAB. INSPECTED.” 


Buss Cartridge Non-Renew¬ 
able Fuses 

“Buss” Non - Renewable 
Fuses carry this label: UND. 
LAB. INSPECTED. 



Ferrule Contact Type, 
1 to 60 Amperes 



Knife Blade Type, 66 to 1000 Amperes 


Amperes 

Length 
Over All 
Inches 

Dlam. 
of Tube 
Inches 

Weight Per 
100 

bfi 

s 

•6 

QQ 

List Price 


/ 1 

to 

30. 

2 

% 

4.5 lbs. 

100 

1 0.20 

1 

, 36 

to 

60. 

3 

% 

11.0 lbs. 

100 

0.80 


66 

to 

100. 

5% 

1 

31.0 lbs. 

60 

0.90 

260 

;no 

to 

200. 

7% 

1% 

80.0 lbs. 

26 

2.00 

Volf 

V 226 

to 

400. 

8% 

2 

160.0 lbs. 

25 

3.60 


460 

to 

600. 

10% 

2% 

275.0 lbs. 

10 

5.50 


^650 

to 

800. 

11% 

3 

430.0 lbs. 

10 

12.00 


^850 

to 

1000. 

12% 

3% 

540.0 lbs. 

10 

15.00 


/ 1 

to 

30. 

5 

% 

16.0 lbs. 

100 

0.40 


. 36 

to 

60. 

5% 

1 

25.0 lbs. 

100 

0.60 


66 

to 

100. 

7% 

1% 

56.0 lbs. 

50 

1.50 

600 

; no 

to 

200. 


1% 

120.0 lbs. 

25 

2.50 

Volt ^ 

\226 

to 

400. 

11% 

2% 

290.0 lbs. 

25 

5.50 


i460 

to 

600. 

13% 

3 

430.0 lbs. 

10 

8.00 

1 

f 650 

to 

800. 

14% 

3% 

640.0 lbs. 

10 

15.00 


\850 

to 

1000. 

15% 

4 

725.0 lbs. 

10 

18.00 


“Buss” Open Link Fuses 



Guaranteed for ac¬ 
curacy and reliability. 

All copper termi¬ 
nals. 


Amperes 

Term No. | 

Slot 

Inches 

Width 

Inches 

Std. Pkg. 

a 

S 

o 

25 

3P;#! 

iHeo 

3% to 

5 in. 

o . 
♦"d 

1 

to 

30. . 

1 

3/16 

% 

100 

$0.03 

$0.04 

10.05 

10.06 

35 

to 

60. . 

3 

3/16 

9/16 

100 

0.04 

0.05 

0.06 

0.07 

65 

to 

100. . 

6 

% 

11/16 

100 

0.06 

0.06 

0.08 

0.10 

no 

to 

200.. 

7 

% 

% 

60 


0.10 

0.15 

0.20 

226 

to 

400. . 

16 

7/16 

1 1/32 

60 


0.22 

0.22 

0.80 

460 

to 

600. . 

10 

% 

1% 

60 


0.40 

0.40 

0.60 

660 

to 

1000. . 

28 

% 

2 1/16 

10 


0.75 

0.75 

1.00 


“Buss” Fuse Wire and Strip 

1/^ to 3 ampere fuse wire spool 
contains lb. 

4 to 50 ampere fuse wire spool 
contains 1 lb. 

60 to 200 ampere fuse wire spool 
contains 5 lb. 

Fuse strip is packed in 5 lb. cans 
—all in one piece. 

“Buss” Mica Top Plug Fuses 




Guaranteed Clear Window—10-ln-a-carton. 
Approved by Underwriters* Laboratories. 


Amperes 


List Price 
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CHICAGO FUSE MFG. COMPANY 

Laflin and 15th Streets 
CHICAGO 

73 Barclay St., NEW YORK CITY 




“UNION” Renewable Cartridge Fuses 

Approved by the National Board of Fire Underwriters in all sizes of N. E. C. standard dimensions 
for both 260 and 600 volt service. 

If the current flows smoothly and evenly, and the fuses used are of the proper rating and capacity 
for the requirements of the installation, “UNION” Enclosed Cartridge Fuses of non-renewable type will 
give the best protection at the lowest cost. 

If the circuit is subject to overloads or any fluctuation in the flow of current whereby frequent re¬ 
placements are necessary, “UNION” Renewable Fuses are the best investment possible, giving absolute 
protection to the circuit at the greatest saving in cost pf maintenance. If renewable fuses are economi¬ 
cal in any given condition, “UNION” Renewable Fuses offer the utmost in this direction, being heavier, 
stronger, and more simply constructed, and at the same time the best designed mechanically and elec¬ 
trically. 

The heavy, strong construction insures their lasting longer than any other fuses of this type, thereby 
giving a greater return for the investment. 

The simplicity of construction insures an easier 
and quicker renewal of the fuse when blown, saving 
time, and “time is money.” 




Type E “Union” Renewable Fuse 

BOMB or TKB ADTAHTAOBB OF 

Type B (Ferrule) 

1. The heavy brass parts are securely attached to the out¬ 
side of tubing. 

2. All parts are so rugged that the fuse will withstand re^ 
newlng indefinitely. 

3. It is quickly and easily renewed. When the cap is un¬ 
screwed the washer supporting the end of the renewal link is 
exposed and if it does not drop off of its own accord, it is very 
easily removed. 

4. No tools of any kind are required to make the renewal. 

5. The heavy metal parts insure cool running. Official tests 
on both the 30 amp. and 60 amp. sizes show that their tempera¬ 
tures run much below the limits specified by the Underwriters* 
Laboratories’ Standard. 

6. Links are supplied with one end bent to save time and 
insure accurate insertion. 


Type E “Union” Non-Renewable Fuse 


“UNIOIT’ BBNBWABLB FBBBB 
Type E (Knife Blade) 

1. . The metal ferrules are securely riveted and screwed 
onto the outside of tubing. 

2. In renewing, this connection to the tubing Is not dis¬ 
turbed, all changes being made between long-wearing metal 
surfaces. 

3. The number of parts is small and they are easily assem¬ 
bled. Result: Saving of time and expense in renewing. 

4. The flexibility of the knife-blade fastenings allows the 

blades readily to adjust themselves in the mounting clips, and 
so make good contact. , 

5. No tools except an ordinary screwdriver or monkey- 
wrench are needed for making renewals. 

6. Safety valves at each end of larger sizes where needed 
permit gases to escape quickly when fuse blows. 

600 VOLTS 


Amperes 

Length 
Over All 

Diameter 

Tube 

Standard 

Package 

List 

Price 

Fuse 

List 
Price 
Renewal | 

1 Amperes 

Length 
Over All 

Diameter 

Tube 

Standard 

Package 

List 

Price 

Fuse 

List 

Price 

Renewal 


2 

% 

100 

$0.50 

$0.03 

3- 30* 

5 

% 

100 


$0.05 


3 

% 

100 

1.00 

.05 

31- 60* 


1 

100 

1.25 

.06 



1 

50 

2.00 

.10 

61- 100* 

7% 


50 

3.00 

.10 


7% 

1% 1 

25 

4.00 

.15 

101- 200* 

9% 

1% 

25 ! 

5.00 

.15 



2 ’ 

25 

7.50 

.30 

201- 400* 

11% 

2% 

25 

11.00 

.30 


loS 

2% 

10 

11.00 

.60 

401- 600* 

13% 

3 

10 

16.00 

.60 

BJjl 1^; 7 

iiH 

3 

10 

24.00 

.80 

601- 800 

■ 14% 

3% 



. 80 

B fli' 7 7m 

12% 

3% 

10 

30.00 

1.00 

801-1000 

15% 

4 

10 

36.UU 

1.00 


*]lilanufactured under Underwriters’ Lab., Inc., Label Service. 

“VHZOIT* BBCZiOBBD FBBBB (Bon-Bsnswabls Typ«) 

Approved January 29, 1907 

Manufactured under Underwriters’ Lab., Inc., Label Service 
250 VOLTS 600 VO LTS 


Amperes 

Length 
Over All 

Diameter 

Tube 

Standard 

Package 

List 

Price 

Fuse 

Refilling 

Price 

Amperes 

Length 
Over All 

Diameter 

Tube 

Standard 

Package 

Fuse 

S- 80 

81- 60 

61- 100 
101- 200 
801- 400 
401- 600 
601- 800* 
801-1000* 

I 

II 
10% 
11% 
12% 

1 

3% 

100 

100 

50 

25 

25 

10 

10 

10 

$0.20 

.30 

.90 

2.00 

3.60 

5.50 

1 12.00 
15.00 

$0.60 

.90 

1.50 

2.00 

4.00 

5.00 

3- 30 

31- 60 

61- 100 
.101- 200 
201- 400 
401- 600 
601- 800* 
801-1000* . 

k 

9% 

11% 

13% 

14% 

15% 

% 

1 

1% 

1% 

2% 

3 

3% 

4 

m 

$0.40 

.60 

1.50 

2.50 

5.50 
8.00 

15.00 

18.00 

•Undei 

rwriters’ Lab., Inc., 

do not issu 

e approval on any 

type of fuse 

above 600 

amps. 




Refilling 

Price 


$0.80 

1.20 

2.00 

3.00 

5.00 

6.00 


“Union” Fuses have 30 years of manufacturing reputation to maintain and we (^n not afford to make 
them otherwise than perfect. 

Both of these types are for sale by all leading electrical supply jobbers and dealers. 

We are the oldest and largest manufacturers of Switch Boxes, Cut-Outs, Fuse Plugs, Automobile 
Fuses, Renewable and Non-Renewable Enclosed Fuses. 

FULL DESCRIPTIVE BOOKLET SENT ON REQUEST 
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FUSES. 


ECONOMY FUSE & MFC. CO. 


ECONOMY FUSE & MEG. CO. 


Greenview Ave. at Diversey Parkway, CHICAGO, U. S. A. 


Atlanta, Ga. 
Baltimore, Md. 
Bostoli, Mass. 


Buffalo, N. Y. 
Cincinnati, Ohio 
Cleveland, Ohio 


Detroit. Mich. 
Denver, Colo. 
Kansas City, Mo. 


Dos Aneeles, Cal. 
MilwauKee, Wis. 
Minneapolis, Minn. 


New York, N. Y. 
Philadelphia, Pa. 
Pittsburgh, Pa. 


St. Louis, Mo. 

San Francisco, Cal. 
Seattle, Wash. 


ECONOMY FUSE « MFG, CO. OF CANADA, LTD., MONTREAL, CANADA 

Complete Stocks Carried By All Leading: Electrical Jobbers and Dealers 


Products 

Clearsite Non-Renewable Plug Fuses; EJconomy 
“Approved” Renewable Cartridge and Plug Fuses; 
“Drop Out” Renewal Links; “Arkless” Non-Renew¬ 
able indicating Fuses. 

Also manufacturers of Moulded Insulation and 
S.&C. High Potential Fuses (in Canada). 

CLEARSITE NON-RENEWABLE PLUG FUSES 
“CLEAR INDICATION ALWAYS.” 

Clearsite fuses are the only non-renewable plug 
fuses using the famous Economy “Drop Out” Link. 
This link, with amperage stamped upon it, is 
mounted with the operative section of the element 
directly under a window of unusual design. Clear- 


ill 



bridges fuse. The entire fuse — 
metal does not volatilize, only the 
two narrow bridges. ITiis very 
greatly decreases the danger fac¬ 
tor due to the tremendous pressure 
generated when an entire strip of 
fusible metal is instantly converted 
into gases. No powdered filler to 
deteriorate or solidify. Only the 
fuse metal is destroyed; the fuse 
itself is ready for years of service. 

See the winged washer which 
makes it simple and easy for any¬ 
one to replace the “Drop Out” re¬ 
newal link in a few minutes. 

ECONOMY FUSE SAVINGS— 

There is 80% of fuse maintenance Renewal Link 
cost saved yearly, as compared to the cost of se¬ 
curing adequate protection by the use of non¬ 
renewable “one-time” fuses. 


I 


Clearsite Non-Renewable Plug Fuse 
APPROVED BY UNDERWRITERS' LABORATORIES, Inc. 

site fuses never fail to indicate. When blown on 
an overload a gap at the operative section is clearly 
visible; when blown on short circuit the window is 
blackened and vision of link is made impossible. 
Clearsite fuses, in capacities of from 3 to 30 amp. 
are sold in cartons of 500 .and of 50, and in retail 
packages of 4 for 25c. 

IMPROVED ECONOMY RENEWABLE FUSE— 
Economy fuses are made in three 
general types (ferrule, plug and knife 
blade), with a full line of capacity 
ranges for all commercial voltages. 

This was the first line of fuses ap¬ 
proved in all capacities by Under¬ 
writers’ Laboratories, Inc., established 
and maintained by the National Board 
of Fire Underwriters, employing an 
inexpensive bare link for restoring a 
blown fuse to its original efficiency. 

The fusible elements are of the 
“Drop Out” renewal link type, accu¬ 
rately rated and of definite design. 

Every part of an Economy fuse is 
built on the “safety first” principle, j 
which means that the design is right ' 
from an electrical standpoint, and 
that material entering into the con¬ 
struction of the completed fuse is the 
best that money can buy. 

Study the renewable link feature. view^Rntfe- 
See the two narrow bridges of 
metal holding the “Drop Out” features in 
place. In operations on short circuits, these two 



Cartridge 





“Drop Out“ Renewal Link and Winged Washer 
Economy Knife Blade Fuse Disassembled 

“DROP-OUT” RENEWAL LINK—It is the 
heart of an Economy Fuse. It instantly restores a 
blown Economy Fuse to its original efficiencgr at 
the absolute minimum of cost. 

A stock of “drop-out” links, always on hand, 
represents a small investment. 

ECONOMY RE- 
— H NEWABLE PLUG 

X FUSES— Use of the 
■ “Drop Out” renewal 
™ link in this plug type 
A fuse results in simi- 
^ lar operation and 
^ saving as in the 
Economy cartridge 
type fuses. No tools 
are required to re¬ 
place the blown link 
and restore the plug 
Plug Type Fuse—Sectional View— to its original effi- 
“Drop Out" Renewal Link ciency 




“ARKLESS” NON-RENEWABLE INDICATING 
FUSES—We are also sole manufacturers of “Arkless,” the 
non-renewable fuse with the “100% guaranteed indicator.” 
For use on circuits not subject to frequent overloads. 
Samples 

Any capacities sent on request, provided they are to be 
used for comparison and tests. Ask for Catalogue 10 when 
ordering samples. 
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FEDERAL ELECTRIC COMPANY 

8700 South State Street, CHICAGO 

91 New Montgomery Street, San Francisco 130 W. 42nd Street, New York 

Branches in All Large Cities 


Products 

Federal National Renewable Fuse; Federal Na¬ 
tional Multiphase Renewable Fuse; Federal 3-30 
Renewable Fuse Plug. 

Federal National Renewable Fuse 

The principle of a powder packed renewable ele¬ 
ment in a renewable fuse has been recognized by 
the highest engineers as the only design that can 
give absolute yet economical protection. The Fed¬ 
eral National Renewable Fuse, the Federal National 
Multiphase Fuse and the Federal 3-30 Fuse Plug 
all have this same principle, which eliminates the 
possibility of improper loading or overloading, con¬ 
fines the fierce heat of the arc when the fuse blows, 
preventing damage to terminals and heating of 
contact points, causing premature blowing. This 
feature eliminates the necessity of overloading as 
is done where a cheap naked element is used, 
in order to prevent the fuse from blowing prema¬ 
turely, and as a consequence eliminates the danger 
of the fuse not blowing when it should. 



Federal National Renewable Fuse 


The Federal National Powder Packed Renewable 
Cartridge Fuse for D.C. and Single Phase circuits 
operates successfully, stands the strain of a motor 
when started and blows when it should. The same 
applies to the Federal National Multiphase FHise 
and the Federal 3-30 Fuse Plug. In addition to the 
positive protection feature (which after all is the 
main reason you buy fuses) this powder packed 
element permits ease of renewing a blown element. 
With the aid of a screw driver, the blown element 
can be removed in a jiffy. No complicated parts. 
The operator knows because of a metal tell-tale in¬ 
dication that he is reloading the fuse properly. No 
possible confusion. 

The Federal National Powder Packed Renew¬ 
able Cartridge, ferrule type, consists of three parts 
only—^fibre holder, powder packed renewable ele¬ 
ment, and metal cap. 

Federal National Fuses are made in all capaci¬ 
ties from 3 to 600 amperes, both 250 and 600 volts. 


Most motor installations today are of the multi¬ 
phase (pol 3 rphase) type and the burning out of such 
motors is due to overloading the protecting device 
and to motors running as single phase motors when 
one fuse blows and there is no way in which the 
circuit breaker or controlling device can be oper¬ 
ated. 

The National Multiphase F^ise protects the 
motors and circuits on starting and running load. 



Federal National Multiphase Renewable Fuse 


and also eliminates any possibility of multiphase 
motors running as single phase. It embodies the 
same features as the National Fuse, such as powder 
packed elements, gas vents, metallic “tell-tale” in¬ 
dicator, and simplicity of construction with the 
addition of the auxiliary coil which fits inside the 
fuse case so that connections are made with the 
auxiliary connections outside of the case. They 
are made for both front and back connecting. Tlie 
auxiliary coils connecting in shunt with the fuse 
in phase adjacent. 

The National Multiphase Time Limit Renew¬ 
able Fuse combines unusual economy with absolute 
safety and protection. It is made in all capacities 
from 3 to 600 amperes in both 260 and 600 volt. 


Federal 3-30 Renewable Fuse Plug 



Federal 3-30 Renew¬ 
able Fuse Plu^ 


The Federal 3-30 Time Limit 
Powder Packed Renewable Fuse 
Plug eliminates the quick blow¬ 
ing on momentary overloads and 
line surges, and because of its 
powder packed features and other 
superior points of construction 
would stand more blowouts than 
any other plug. It has the same 
time limit advantage as the fuses 
mentioned on this page. There is 
no porcelain to break. It has a 
strong molded insulated case 
with removable holder and pow¬ 
der packed cartridge. It is made 
in 3 to 30 amperes, 126 volts. 


Federal National Multiphase Renewable Fuse 

The Federal National Multiphase Time Limit 
Powder Packed Renewable Fuse is the only abso¬ 
lute protection for multiphase motors and circuits. 
It eliminates two of the greatest causes of lost pro¬ 
tection, which are constant interruptions by pre¬ 
mature operation of the protecting devices and the 
failure of the protecting device to operate at the 
critical moment. 


MINING CATALOG 


Approvals 

Federal National Fuses are approved by: 

The Underwriters’ Laboratories, Inc. 
Associated Factory Mutual Fire Insurance Com¬ 
panies. 

Millers Mutual Fire Insurance Companies. 
Hydro-Electric Power Commission of Ontario, 
Canada. 

Bureau of Safety and all insurance companies. 
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276 ELECTRICAL MACHINERY. _ GREGORY ELECTRIC COMPANY. 

GREGORY ELECTRIC COMPANY 

16 th and Lincoln Streets, CHICAGO, ILL. 



Used Electrical Machinery 

The Pioneer Electrical Bargain House Since 1893 


Who and What We Are 

We are primarily Electrical Machinery Mer¬ 
chants and carry in stock an enormous quantity of 
electric generators and motors, principally used 
—all kinds, all makes, all types to suit all possible 
reasonable requirements. Every used machine of¬ 
fered for sale is a bargain, sold at less than the 
regular price. 

Our buyers are particular to buy only late type 
modem machines in perfect condition. If there are 
any defects, such as a wom-out commutator, or 
defective bearings, these are replaced immediately 
before the machine is offered for sale. We guar¬ 
antee every machine sold, mechanically and elec¬ 
trically, as good as new. 


Our Facilities 

We own our works, occupying one-half a block 
in the heart of Chicago’s manufacturing district; 
have plenty of land for yard storage for lumber, 
coal and bulky material; have our own switch track 
connection with all railroads entering Chicago. We 
have our own power and testing plant, and gen¬ 
erate our own electric light and heat. 

Our works are so arranged that from the time a 
heavy machine is unloaded from a car on the switch 
track in our works, to the time it has been over¬ 
hauled, refinished and tested, there has been no 
duplication of work in handling. 


How To Order 

Come to Chicago, if possible, and see the ma¬ 
chine on the floor and inspect our works and pro¬ 
cesses, but if you can’t come, don’t hesitate to order 
by letter or telegram, as our machines are always 
as we represent them. 

We sell the vast majority of our machines by 
mail, without personal inspection, to regular cus¬ 
tomers who are familiar with our methods and order 
from our Bargain Sheet. 


Write Us 

Conrespondence invited. Send for our “Monthly 
Bargain Sheet.” Always up to date. This shows 
complete stock on hand and NET PRICES. You 
will be surprised with the enormous stock we have 
on hand—all standard makes of the latest type 
and all kinds. 



View in our warehouse. Note the enormous 
assortment of late type machines. The machines 
shown above are all direct current. 



View in our warehouse. Alternating current 
motors. We buy only the best types. They are 
cheaper in the end than others, the first cost of 
which may be lower. 



Vie^v in our warehouse. We know a good ma¬ 
chine when we see it, and buy it only if it is a 
bargain. We believe in quick sales and small 
profits. 



View in our repair shop. The largest and best 
equipped shops in this country. 


NOTHING BUT BARGAINS IN USED ELECTRICAL MACHINERY 
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THE SALT LAKE HARDWARE CO. 
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THE SALT LAKE HARDWARE CO. 

SALT LAKE CITY, UTAH POCATELLO, IDAHO 

District Representatives for 

CROCKER-WHEELER COMPANY 

ELECTRIC MOTORS AND GENERATORS 


The windings consist of form-wound coils heavily 
insulated, and small and medium sizes are subjected 
to a process of vacuum impregnation which enables 
them to resist the effects of moisture and acid fumes. 


The windings are placed in open slots and are 
held in place by metallic slot-bridges which are sep¬ 
arated from the core laminations by strips of thin but 
tough insulation. 


The use of metallic slot-bridges results in a com¬ 
bination of advantages not otherwise obtainable. With 
open-slot construction, well insulated and mechanically 
rigid form-wound coils can be used. This greatly 
reduces the probability of electrical breakdown and 
at the same time facilitates repairs when necessary. 


Crockbr-Wheeler Form Q Squirrel-Cage Induction 
motors are designed for constant-speed operation on 
60-cycle polyphase circuits. 



The metallic bridges, by producing a more uniform 
distribution of flux in the air gap, reduce the mag¬ 
netizing current and hence increase the power-factor. 





Stator Housing wMth Core and Windings, 
Form Q Induction Motor. 


Form-Wound Stator Coil and two views of magnetic 
slot-bridge. Form Q Induction Motor. 



Form Li Direct-Current Machines. 115, Form I Direct-Current Machines. 

230 and 550 volts. Motors 1/5 to 7% Medium size for general use. Motors 
H. P. Generators 0.4 to 5 KW. 3% to 50 H. P. Generators 3 to 45 KW. 


Form H Direct-Current Motors and 
Generators. 50 H. P. and Larger. 126 
H. P.. 500 R. P. M.. 230 V. Form H Com¬ 
mutating Pole Motor. 



MINING CATALOG 


SECTION V 


Digitized by L^OOQle 










2’7g INSULATED TOOLS. RUBBER INSULATED METALS CORP. 

RUBBER INSULATED METALS CORR 

General Offices 

50 Church Street, NEW YORK 

‘‘RIMCO'^ Rubber Insulated Products 


‘RIMCO” Products 

“RIMCO” Insulated Pliers. 

“RIMCO” Insulated Screw Drivere. 
“RIMCO” Insulated Flexible Couplings. 
“RIMCO” Insulated Switch Handles. 
Rubber Faced Pulleys. 

Rubber Covered Rolls. 

“RIMCO” Insulation. 



RIMCO” Insulated Flexible Coupling 




Advantages of “RIMCO” Insulation Process 

It is the one scientific method of bonding rubber 
to metal, thereby establishing a permanent chemical 
union between the two. In consequence the nibber 
cannot work loose—cannot come off and cannot 
crack or break upon hard impact, as it is a semi-soft 
compound. 

The rubber compounds are of a high electrical 
resistance and are invaluable in high tension re¬ 
quirements. 

Wherever it is desired that a rubber covering 
be permanent the “RIMCO” Bonding method will be 
found the only one to accomplish this end. 

“RIMCO” Rubber Insulated Pliers 
Fill a long felt want. They are 
all tested and passed by The Elec¬ 
trical Testing Laboratories of New 
York City, 10,000 volts, and each 
individual plier is stamped with 
its test statement. The insulation 
is semi-soft and, being perma¬ 
nently bonded, it cannot come off 
or crack if dropped on a haixi sur¬ 
face or from the arm of a pole. 

Invaluable to linemen, adding 
a tremendous margin of safety to 
rubber gloves, and are practi¬ 
cally indestructible. For general 
use these pliers will be found 
preferable to metal handled 
ones, as they are much easier 
on the hands. 

“RIMCO” Rubber Insulated Screw 
Drivers 

Follow in the pliers’ footsteps. 

Each one is tested and passed by The 
Electrical Testing Laboratories of 
New York City, 6000 volts, and is 
stamped accordingly. 

The insulation is semi-soft and, 
being permanently bonded, it cannot 
work loose or crack. It is a beau¬ 
tiful tool and insures a remarkable 
grip, as the handle conforms to the 
hand. For both electrical and general „ 
use it is equally desirable. 







The Only 
Coupling 
Approach¬ 
ing the 

Instant and Perfect 
Elasticity of Com¬ 
pressed Air. 

They are especially adapted for connecting motors, gen¬ 
erators, motor generating sets, air compressors, wood¬ 
working machinery, triplex or rotary pumps, line shafting, 
positive pressure blowers, parallelling gas engine alterna¬ 
tors, etc., and in absorbing fluctuations in small gas engine 
driven lighting sets, for suppressing flicker, etc. 

They have been tried out for years under severe condi¬ 
tions and are conservatively rated to take care of overloads 
for moderate periods without injury; also to take care of 
variation alignment and expansion. They permit mounting 
machinery on separate foundations, doing away with the 
necessity for a common base, thereby effecting a consider¬ 
able saving in the cost of installation. 

Angular variation is overcome, “back lash” is impossible, 
torque is uniform and perfect insulation is provided. Per¬ 
mits the armature to float in the true field, absolutely noise¬ 
less at all speeds. Requires no oiling. 

KorM Pow«r of tho Difforont Sisos of tho **BZMCO*’ Flezlld# 
Coupling and Gonoral Dimensions of Our Standard Slses, 
the Horse Power Being Based on 100 H.PJI., Prom 
Which Any Other Speeds Can Be Computed 


Out- 


-1 

Length Over All 

-1 

H. P. 


side 

Standard 

Hub. 



per 100 
R.P.M. 

Max. 



Diam. 

Bore 

Diam. 

Artlcu- 

In- 

R.P.M. 




lated 

tegral 


2" 

3'' 




III' 

.27 

.9 

4500 

4000 

i'* 

1% on* 


6%" 

6 " 

2.1 

4000 

5" 

1* or 1% 

6 '' 1 

5%" 

4.3 

3500 

6" 

l*orl% 1 
l%orl% 1 

3 

6%'' 1 

6 " 

6.3 

3000 

7" 

8%" 
3%'' 1 

7 '' 

6%" 

8.8 

2500 

8" 

1 2 or 2* 1 

1 

7 ^ 

11.8 

2250 


Particulars regarding larger sizes transmitting up to 200 
H. P. supplied on application. In ordering give diameter of 
shaft, key way, number of revolutions per minute and H. P. 
to be transmitted. 

“RIMCO” Rubber Insulated Switch Handles 

Tested to voltage required, are superior to any now on 
the market because the insulation, being semi-soft and 
permanently BONDED on the metal, cannot come off, crack 



or break thereby endangering the life of the user. For 
use in mines and other places where switch handles are 
liable to being “whacked” in passing, their “unbreakable” 
composition renders them invaluable. They are being used 
in fast increasing numbers as their great value can be 
appreciated at a glance. 


Inquiries Solicited From Supply Houses and Manufacturers 
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STR0MBER6-CARLS0N TELEPHONE MFG. CO. TELEPHONES. 279 

STROMBERG-CARLSON TELEPHONE MFG. CO. 

ROCHESTER, NEW YORK CHICAGO, ILLINOIS 

KANSAS CITY, MISSOURI 
U. S. A. 

TORONTO, ONTARIO 

minE-A-PHONb mine-A-PHONe 





No. 890 Mlne-A-Phone 
Closed View 


The desist of the Stromberg-Carlson Mine-A- 
Phone is the result of a thorough and extensive 

study of mine condi¬ 
tions and includes 
suggestions of many 
experienced mine engi¬ 
neers. No other tele¬ 
phone so completely 
meets the needs of 
underground service. It 
is a real mine telephone 
—^built for the mine and 
not adapted to it. 

The No. 890 Mine- 
A-Phone consists of 
complete self-contained 
magneto telephone 
equipment arranged in a comparatively small iron 
case, finished in a black waterproof and acid- 
repellant enamel. The talking and signalling appa¬ 
ratus is placed within the inner compartment, 
where it is protected from moisture and gas and 
yet can be readily inspected or removed when 
necessary. 

The door to the inner compartment is protected 
against the entrance of moisture by a wide overlap 
of felt, and the door is fastened shut by four 
machine screws. All openings through the inner 
case, such as required for the generator crank 
shaft, are protected by gaskets and packing. 

The ringer is so ar¬ 
ranged that the coils are 
inside the inner compart¬ 
ment, but the armature 
is outside the case and 
no holes remain through 
which water can enter the 
case. The ringer gongs 
and armature are pro¬ 
tected by a cast iron dome 
which has an opening 
around its base through 
which the sound can be 
heard. The inner com¬ 
partment need only be 
opened for the replace¬ 
ment of batteries, and this 
is seldom necessary. 

When the outer door 
is opened the receiver, 
weather-proof linen cord, 
take-up device, trans¬ 
mitter mouthpiece and 


generator crank handle are exposed. The take-up de¬ 
vice automatically takes up the slack in the receiver 


No. 890 Mine-A-Pbone—Both Doora Open 
Note Oaskets on Doors and Accessible Arrangement 
of Equipment 


No. 890 Mlne-A-Pbone—Outer Door Open 

cord so that it will not be injured in the hinges of 
the outer door. The outer door is equipped with 
a rubber gasket, which renders the entire Mine- 
A-Phone water-proof, gas-proof and acid-proof 
when the door is closed. The case is high grade 
iron citing and will withstand fire and explosion. 
All coils are specially treated to resist moisture 
and all metal parts are protected by enamel or 
zinc plating. 

A feature that has recently been added to the 
Mine-A-Phone is the new push button lock on the 
outer door. This lock requires the use of but one 
hand to open it. Simply pressing the palm of the 
hand against the button releases the catch, the 
fin^rs grasp the handle and the door swings open. 
It is not necessary for a miner to drop his tools 
or whatever he may be carrying to use the tele¬ 
phone. A key lock may be supplied in place of 
the push button where it is desired to have only 
authorized persons use the Mine-A-Phone. 

Two detachable mounting bars permit the Mine- 
A-Phone to be mounted on a^ost any suriace. 

The actual dimensions of 
the No. 890 Mine-A-Phone 
are 10%" high x 10" wide 
X 81 / 2 " deep. 

Mine-A-Phone layouts, 
including circuit arrange¬ 
ments, types of surface 
telephones and switch¬ 
boards, are furnished for 
each mining system as re¬ 
quired. Write for Bulletin 
No. 1000, which clearly 
explains the Mine-A-Phone 
system in detail. 
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2f^() SIGNALING DEVICES. 


FEDERAL ELECTRIC COMPANY. 


FEDERAL ELECTRIC COMPANY 

FEDERAL SIGN SYSTEM (ELECTRIC) 

8700 South State Street, CHICAGO 

91 New Montgomery Street, San Francisco 130 W. 42nd Street, New York 

Branches in All Large Cities 


Product 


Electric Siren 
Whistle. 

Type B siren 
is the ideal fire 
alarm signal or 
“start and stop” 
signal. It gives a 
weird screech that 
can be heard for 
miles around and 
cannot be mistaken 
for any other sig¬ 
nal. 

Type B, double 
head siren, makes 
double the volume 
of sound. 

T 3 T)e A siren 
is for use in 
factories, mines, 
etc., as a call sig¬ 
nal. 



Type B—Single Head 



Type B—JjouUle Head 


DSTAZ^B AS TO CONSTBUCTION, BTC. 




1 Motor 

Type 

Class of Current I 

H. P. 


Single Head... 

Single phase, 60 cycle, alternating 
current, 110 or 220 volts. 

2 

H. P. 

Single Head... 

1 

Two or three phase, alternating 
current, 110, 220, 440, 550 volts. 

1% 

H. P. 

Single Head... 

Direct current, 110 to 600 volts... 

1V4 

H. P. 

Double Head.. 

Single phase, 60 cycle, alternating 
current, 110 or 220 volts. 

3 

H. P. 

Double Head.. 

Two or three phase, alternating 
current, 110, 220, 440, 550 volts. 

3 

H. P. 

Double Head.. 

Direct current, any particular volt¬ 
age from 110 up to 600 volts.. 

3 

H. P. 

Type “A”. 

Universal Motor, either A. C. or 
D. C., 32 volts up to 250 volts.. 

1/10 

H. P. 


All Sirens operate at a speed of 3,500 R. P. M. except Type A, 
which operates at 10,000 R. P. M. 


Lubrication 

Each siren is shipped out with just enough oil in the 
vats so that it will not spill all over the commutator in 
transit. After a siren is installed for permanent use, the 
vats should be filled. For fire alarm use in small towns 
these sirens do not have to be oiled more than twice a year. 
For lighthouse work or other continuous duty, they will re¬ 
quire more frequent oiling. Good clear machine oil should 
be used. 


Finish 

Each and every apparatus is painted with three heavy 
coats of paint, the last coat is a bright red enamel and 
nicely striped in black. 


Guarantee 

For fire alarm signalling work in small towns, factories, 
etc., we guarantee each siren for a period of ONE YEAR 
from date of purchase. For fog signalling or other con¬ 
tinuous service our regfular guarantee of ONE YEAR also 
applies. 



Installation 

Intelligible instructions 
for mounting and wiring 
are sent when the siren is 
shipped including a wiring 
diagram enabling any elec¬ 
trician to do the work 
right. 



Remote Control Switch 

(See illustration above). The use of this device permits 
the Siren being operated from distant locations such as 
central telephone office, fire house, pumping slAtion, etc. It 
consists of a suitable magnet operated circuit breaker and 
two momentary contact push button switches. 



We advise the installation of sirens to a 220 volt circuit, 
two or three-phase alternating current or direct current, 
wherever this current is available. A 220 volt circuit is 
kept up to the required voltage 
better than the 110 volt lighting 
circuit. 

Special Motor 

The above sirens with al¬ 
ternating current mo¬ 
tors are for standard 
60 cycle motors. Sirens 
to be operated on other 
frequencies, such as 25 
to 45 or 75 to 133 
cycles, require special 
motors with gear connections to 
siren to get required speed— 
Write for Special Price. 

Construction 

All sirens are constructed for outdoor 
service. Every part is thoroughly enclosed and absolutely 
damp and weatherproof. The motors are entirely covered 
by a heavy galvanized sheet iron hood. The rotor is made 
from heavy cast aluminum. The base is cast iron. 


General Alarm Control 

(See illustration below). The purpose of this control is 
to perform the on and off contact operation automatically, 
in place of the manually operated knife switch. 


p«olal 81r«n 

We can equip either of our single head or double h*iad 
ype B Sirens - 
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ig device com- 
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Bradley, C. C. Son, Inc. 
Chicago Pneumatic Tool Co. 
Cleveland Rock Drill Co., The 
Cochise Machine Co. 

Cole-Goudie Shovel Co., The 
Denver Rock Drill Mfg. Co., The 
Dixon Valve Coupling Co. 
Goodrich, B. F. Rubber Co., The 
Hardsocg Wonder Drill Co. 

Hoar Shovel Agency, Inc. 
Ingersoll-Rand Co. 

Knox Manufacturing Co. 

Lake Superior Loader Co. 

Myers-Whaley Co. 

New York Belting Packing Co. 
Sullivan Machinery Co. 

United States Rubber Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 


Digitized by 


Google 































282 DATA. _ 

STANDARDIZATION OF DRILL-STEEL 


DriU-Steels 

Drill-steels, on which the greatest amount of 
investigation appears to have b!wn effected, will be 
first considered, and at this stage it is desirable to 
summarize very briefly the report of the Mines 
Selection Committee. 

On the results obtained from the 38 steels tested 
by Robert Allen the following conclusions were 
reached; 

1. There is no practical difference in open- 
hearth, Swedish-bessemer, electric, or crucible steel, 
provided they are of the same composition. 

2. Alloy steels are not as satisfactory as carbon 
steels provided the composition of the latter is in 
accordance with the figures given below: 


Drills over lU* dlam. C 0.60 to 0.65% 
Drills over IH* dlam. C 0.64 to 0.60% 
Drills over! * dlain. C 0.67 to 0.72% 
Drills over diam. C 0.70 to 0.76% 


Si, 0.05 to 0.16% 

S and P. 0.35% together 
Mn, 0.26 to 0.36% 
(Mn + Si, not over 0.40%) 


Aluminum may be allowed up to 0.10%. 

3. Steels which gave the best results on test 
had the following composition: 

Drills 1%' diam.C .0.66% 

Sl ..".0.09 

S and P.0.036 (together) 

Mn .0.28 

Drills I'' diam.. .C .0.69% 

SI .0.09 

S and P.0.036 (together) 

Mn .0.30 

Drills diam.C .0.72% 

Si .0.09 

S and P.0.035 (together) 

Mn .0.27 

The report further states that when using large 
bits on 1^-in. diameter drills there is a danger of 
de-carburizing the wings, and that such bits are 
difficult to harden properly, unless the carbon con¬ 
tent is moderate—0.60 to 0.65% being suggested as 
the desirable limits. The presence of sulphur and 
phosphorus is condemned, and the limit for the total 
of these elements is fixed at 0.045%. Above this 
figure ‘flaking’ occurs, and ‘cutting off’ during 
sharpening becomes necessary. 

4. Octagonal bars of the same steel made by 
hammering or rolling are equally efficient. 

With regard to these various deductions, I am 
in agreement with the first statement. Provided 
that steels are of exactly identical composition, 
there is no valid reason why steel made in the acid 
open-hearth furnace should not be equally efficient 
as steel produced in the crucible. Unfortunately, 
however, from the financial point of view, steels 
made in the open-hearth furnace are rarely if ever 
as pure as the electric or crucible product, and the 
latter class of material therefore naturally com¬ 
mands a considerably higher price. 

Two of the chief essentials for a good drill-steel 
are that it shall have a low manganese content and 
a minimum of sulphur and phosphorus. The last- 
mentioned elements are as much an enemy to the 
drillman as to the constructional engineer, and if 
present in appreciable percentage are liable to cause 
flaking, cracking, and fracture. A combination of 
much carbon and manganese is detrimental to the 
life of a drill, and many cases of failure can be 
traced directly to this cause. The presence of slag 
and other inclusions has led to innumerable frac¬ 
tures, not only in drills, but in all classes of steel 
used for engineering purposes. 


The question now arises as to what shall con¬ 
stitute a desirable specification. One suggestion 
is as follows: 


C . 0.86 to 0.90 

SI . 0.1 to 0.2 

S . 0.03 

P . 0.03 

Mn . 0.3 to 0.4 


The central hole to be of the following dimen¬ 
sions : 


Diameter of Drill 
% inch 
1 inch 
1V4 inch 


Minimum Diameter 
^ inch 
A inch 
% inch 


Maximum 
Diameter of Hole 
inch 
inch 
inch 


and to be of such a size and shape that a steel ball 
equal in diameter to that of the minimum diameter 
of the hole, will pass completdy through the bars. 
If the hole is elliptical the long diameter must not 
exceed the short diameter by more than 1/16 in., 
and the hole must not be more than 1/32 in. off 
centre from the axis of the bar. Seams and flaws 
will result in the rejection of the bars, which must 
be within the limits ± 1/64 in. on the finished size 
diameter. It would be interesting to learn how 
many drills at present in use would comply with 
these requirements, especially with regard to the 
eccentricity of the hole! 

One Sheffield specification for hollow-steel drills 
from 1 to ll^-in. diam. is as follows: 


% 

C . 0.76 to 0.80 

Si . up to 0.20 

S . not exceedingr 0.02 

P . not exceeding: 0.02 

Mn . not exceeding: 0.3 

These figrures may be contrasted with the analy¬ 
sis obtained on a German hollow drill captured 
early in 1918: 


c 

Si 
S . 
p 

Mn 

Ni 


0^3 

0.09 

0.ty44 

0.048 

0.80 

0.07 


The following analyses, made from samples of 
hollow drill steels ‘as delivered', show how the com¬ 
position may vary; and is an indication of the de¬ 
sirability, if not the necessity, for standardization: 


1 2 3 4 6 

% o?, % % % 


70 ,C 70 70 % 

C . 0.50 0.62 0.66 0.79 0.78 

SI . 0.12 0.10 0.10 0.03 0.18 

S . 0.048 0.045 0.043 0.038 0.018 

P . 0.060 0.044 0.044 0.007 0.010 

Mn . 0.37 0.86 0.41 0.23 0.82 


All these steels except No. 5 were 1-in. diam., 
the latter being l^A-in. The variation shown in the 
carbon and manganese on three samples from one 
batch of steel drills, which all fractured under¬ 
ground, further emphasizes the above remark. 


12 3 

C . 0.68% 0.72% 0.80% 

Mn . 0.21% 0.32% 0.31% 


When considenng a specification for drill steel 
the following points must be borne in mind: 

1. The steel must be able to withstand percus¬ 
sive shock. Drills are frequently run at a speed 
of 1500 blows per minute, and the effect of rapidly- 
delivered strokes on a blunt drill in hard ground, 
where the cushioning effects of penetration are re¬ 
duced to a minimum, can readily be imagined. 
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2. The drill must be sufficiently high in carbon 
content to resist bending, hence the necessity for a 
higher carbon steel, with consequent higher elastic 
limit, as the drill diminishes in diameter. 

3. The steel must be capable of being com¬ 
pletely hardened by quenching; and, as unskilled 
and native labor is frequently employed on this 
job, a steel capable of simple heat-treatment is 
very desirable. 

4. The bit must keep its full cutting diameter 
when in operation, and must therefore resist abra¬ 
sion, or loss of gauge’ and ‘stuck’ drills will result. 

5. The steel must not chip or flake when in 
action. 

From a consideration of these points it would 
appear that for a straight carbon steel, the carbon 
content should be approximately 0.70% for the best 
all-round service on a 1-in. drill; the' ^rcentage to 
be raised by 0.05 per Vg-in. or lowered by 0.06 per 
^-in., according as to whether the diameter is 
diminished or increased. The silicon content is not 
a matter of the greatest importance, and the mod¬ 
ern tendency of steel making is certainly in favor 
of a much higher percentage than would be tolerated 
a few years ago. About 0.1 or 0.2% will be found 
satisfactory. The presence of sulphur and phos¬ 
phorus has an important bearing on the mechanical 
properties of drills; and the effects of the latter 
are intensified as the percentage of carbon increases. 
The less of these elements the better, 0.03% being 
regarded as the desirable top limit for each, al¬ 
though plenty of drill-steel has given good service 
when these amounts have been increas^ to 0.05%. 

Manganese should not exceed 0.3% unless the 
carbon content is low; and a limit of 1% for Mn 
C is suggested. I entirely disagree with the use 
of aluminum, and in no circumstances should a per¬ 
centage of 0.1 be tolerated. The present tendency 
of Sheffield manufacturers is to dispense with its 
use, and ferro-silicon is now substituted as a killing 
agent with more satisfactory results. 

A point which has hitherto been ignored is the 
formation in the hole in the drill. The bulk of 
the hollow drill-steel imiwrted into this country 
is probably mandrel-rolled, whereas English-made 
drills are usually core-rolled. There seems to be 
little doubt that the latter method produces the best 
drill, as the circumference of the central hole ia 
less liable to surface cracks which may extend in 
service and ultimately cause breakage. 


With regard to alloy steels there appears to be 
very few data to prove their advantages or disad¬ 
vantages. Allen states that “such steels are not 
equal to the best carbon steels on account of their 
tendency to overheat and their lack of uniformity of 
composition’’. Further, he remarks that “the heat- 
treatment of chromium steels is not simple, and the 
drills are liable to deteriorate’’. Vanadium steels 
possess no advantage whatever over carbon steels 
and are more costly. Drills are better without 
tungsten, which renders the steel liable to crack on 
heating and imparts brittleness and difficulty in 
forging. Finally, Allen considers the fine grain of 
tungsten steel detrimental, as the finer the grain 
the less the resistance to drilling shocks. 

On the other hand, Harbordf states that a small 
addition of tungsten has been found to improve the 
wearing properties of some classes of chisel steel. 
For example, a steel of the following composition 
gave good results for the working of pyrites, where¬ 
as a steel of similar composition without the ^% 
addition of tungsten failed in a competitive trial: 


Fe . 

C . 

SI . 

CL 

. 98!40 

. 0.63 

. 0.126 

Mn . 

. 0.622 

S .. 

. 0.006 

P . 

. 0.084 

W . 

.:. 0.241 


A steel containing 0.57% C, 0.21% Si, and 
0.326% W also stood this class of work well, where 
a higher-carbon steel without tungsten fail^ to do 
the work satisfactorily. 

The only conclusion that can be drawn from 
these conflicting statements is that Allen must have 
been singularly unfortunate in his deliveries of alloy 
steels or else they must have been grossly mal¬ 
treated. From theoretical considerations, it would 
appear probable that both chromium and tungsten 
steels would have considerable advantages in ream¬ 
ing efficiency and reduced attention. It is difficult 
to understand why such steels should be compli¬ 
cated in their heat-treatment. Forging, however, 
is probably slightly more difficult; and any tendency 
to brittleness might be accentuated. A promising 
field for research is opened at this point, and in the 
absence of comprehensive and comparative data it 
would be unwise to dogmatize. 

By E. A. Wralgrht. A summary of an investigation by 
Robert Allen for the South African ‘*Mlnes Trials Committee.'* 


t**Metallurgy of Steel.” 1916 edition, p. 414. 


STUCK STEEL 


One of the principal troubles that cause difficult 
drilling is stuck steel. Drill steel becomes stuck 
for the following reasons: 

1. Improper alignment of drill steel and hole. 

2. Incorrect type of bit. 

3. Incorrectly formed bits. 

4. Feeding too much or too little water. 

6. Weak drill rotative power. 

6. Worn or broken shanks. 

7. Worn or broken drill parts. 

8. Drilling into a seam or in “fitchery” ground. 

9. Pebbles falling behind bit or mud collar 
forming behind bit. 

A common cause of stuck steel is the improper 
alignment of the drill steel with the hole. . When steei and Hole out of Alignment 
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this occurs the drill steel will bear on at least twe 
points in the drill hole. There is a tendency for the 
steel to bend, increasing with the divergence from 
true alignment, and a severe grinding on the ream¬ 
ing surfaces of the bit. All of this will cause diffi¬ 
cult rotation and will, in many cases, stop rotation 
entirely. 

This condition is due to pcrar operating. The 
steel must be brought nearly into line to have it 
enter the hole. The experienced drill runner can 
line up the drill laterally “with his eye.” He will 
do this after entering the steel and cranking it 
nearly to the cutting face, and tighten his “tee-bolt 
nut.” He will then open the throttle (inlet) valve 
a little, and let the drill find its own vertical line, 
helping it a little by raising up on the crank end, 
and finally tightening the clamp bolt nut. If the 
hole is very much out of line time can often be saved 
by abandoning it entirely and starting a new one. 

The choice of the proper t 3 T)e of bit is important 
in helping to eliminate stuck steel. For example, a 
narrow rapid-cutting chisel bit would bury itself 
in some soft limestones. Six-point bits are usually 
in disfavor because of their slow drilling and snuJl 
clearance space for the cuttings. 

The cutting edge has the greatest diameter on a 
single taper bit. This cutting edge wears rapidly, 
and soon the diameter is less than at another point 
farther back on the bit. Then the hole cut by the 
cutting edge is too small to admit the rest of the 
bit and a reaming action takes place which will soon 
stall the rotation and stick the steel. To overcome 
this many and varied designs of bits have been 
made, some of which were extremely complicated, 
and if they have any advantage underground, the 
time taken by the blacksmith to make them and 
resharpen them more than outweighs this advan¬ 
tage. 

The bit that has been found most successful for 
rapid cutting, long-wearing gage, and ease of mak¬ 
ing and resharpening is the 14 deg. and 5 deg. 
double-taper cross or four point. This double-taper 
bit when properly made has a reaming surface 
whose diameter is the same as the diameter of the 
cutting edge and which backs up the latter with 
a good stock of metal, increasing the life of the 
gage. It also acts as a guiding surface, preventing 
the steel from running off into seams or fissures. 
The use of this type will, in the majority of cases, 
remedy any trouble caused by wear of gage. 



It has already been said that the bits should be 
properly made. That leads to consideration of the 
methods of making and sharpening drill steel and 
their bearing upon stuck steel. Primarily, there 
are two methods of sharpening drill steel, by hand 
and by machine. The latter method is by far the 
more rapid, accurate, and satisfactory, and should 
be used wherever three or more drills are in oper¬ 
ation. However, even machine-made bits are some¬ 
times faulty. This is usually due to careless black- 


smithing, because the machines are extremely sim¬ 
ple and rugged and, should they get out of ad¬ 
justment, it is a relatively ea^y matter to put them 
into proper condition again. 

The manufacturers of drill-steel sharpeners are 
continually making the machines more nearly fool¬ 
proof. One of the latest improvements for assur¬ 
ing better bits is the use of double-bored gaging 
blocks with an adjustable latch guide. The wide 
range of these blocks permits the operator to gage 
accurately an entire normal run of steel on the one 
set of blocks, and these adjustments for the various 
gages require only the pressure of a finger on the 
adjustable latch guide. 



Double Bored Gagring Blocks 

An interesting but less common cause of stuck 
steel is the feeding of too much or too little water 
through the hollow drill steel. When too little 
water is fed a mud collar frequently forms behind 
the drill steel, which makes it difficult to extract 
the latter. Sometimes when drilling into rock bear¬ 
ing metallic ore, and too much water is fed, a min¬ 
eral separation takes place. The gangue is sludged 
off, and the drill iraunds away ineffectively on the 
metallic residue, finally becoming stuck. Some¬ 
times dry drills are run in abrasive ground. The 
steel soon heats up, and the temper is rapidly burn¬ 
ed out of the bit. This condition may be remedied 
by using a water feed or a wet drill. 

Sometimes the shank portion of hexagon steel 
becomes so worn that it permits the steel to slip 
in the rotative sleeve, or the lug on round steel 
becomes worn or broken off, with the same result. 
The drill steel will then be hammered into the 
ground without rotating and will soon become stuck, 
^e only remedy for this is to keep the shanks in 
proper condition. The same results are obtained 
when use is made of worn or broken drill parts, 
principally worn pawls, chuck and bushings, and 
broken pawl springs and rifle bars. The only 
remedy for this fault is to replace the worn or 
broken parts. 

The rotation of some drills may be too weak for 
the rock conditions. This, however, is exceptional, 
because rock-drill manufacturers have stren^hened 
the rotative power of the drills up to a practical 
limit. Frequently, drill trouble is attributed to weak 
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rotation when that is far from being the true cause. 

Unequal cutting may easily take place when 
drilling into a seam or in fitchery ^und, and this 
throws the steel out of line and sticks it. Drilling 
into brecciated ground sometimes causes pebbles or 
small bits of rock to fall behind the bit, and those 
wedge against the steel and the drill hole, stopping 
rotation. In some limestones and other calcareous 
formations the water mixing with the cuttings will 
form a mud collar back of the bit. 

In all of these instances mentioned it becomes a 
question of loosening and removing the stuck steel. 
There is one popular method of performing this op¬ 
eration that should not be followed, and that is to 
pound away on the drill steel with a 16-lb. double 
jack. This manner of loosening the steel is com¬ 
mon, but usually the only real results obtained by it 
are bent steel, broken drill parts, strong back, and 
increased vocabulary. Usually the steel itself stays 
stuck. Another method, advocated for obvious 


reasons, has to do with the proper lubrication of 
the machine. When the steel is stuck, fill the back 
and front cylinder pockets with oil, open the throt¬ 
tle and 99 per cent of the time the steel backs out of 
the hole without any further trouble. A slight 
blow loosens the drill steel and properly lubricated 
rotative parts take care of the rest. 

The increased ease of operation and the greater 
speed of drilling of properly lubricated drills should 
convince the operator that this matter ought to be 
properly considered. Unfortunately a great num¬ 
ber of operators still think that axle grease is good 
enough, others think cylinder oil will do, and others 
don’t think. 

Representatives of either oil companies or rock- 
drill manufacturers are always pleased to consult 
with and give to mine operators the benefit of ex¬ 
pert knowledge and long and varied experience. 

Abstracted from article by D. E. Dunn, of Ingrersoll-Rand 
Company, written for Engrlneerlng and Mining Journal. 


Ideal Shop For Sharpening Drill Steel 


Prima^ Requirements of a Sharpening Plant 
Primarily a drill-steel plant having one mechani¬ 
cal sharp^er should be designed so that the output 
of the smith and his helper may be doubled by ttie 
addition of two men, without any increase in the 
original shop equipment being necessary, and to pro¬ 
vide for possible growth, it should be so constructed 
that by adding space and certain features of equip¬ 
ment to one end only of the building the capacity 
may be increased further at slijgfht expense without 
making any change in the original equipment; that 
the various operations required to make the drill 
steel and to reforge and temper used steel are per¬ 
formed with the fewest possible movements and 


with the least amount of exertion on the part of 
the operator; and that the character of the work 
when execute conforms with the established stand¬ 
ard for the existing conditions. 

To secure these results the building should be of 
such size that the various machines and their ap¬ 
purtenances may be placed in the most advantage¬ 
ous position. It should be built of materials that 
are accessible and in conformity with the standard 
surface equipment of the mine. It should be lighted 
in such a manner that the piece being worked upon 
and the operating end of the machine employed axe 
clearly visible to the operator, so that his vision 
of the parts is not obstructed by shadows; in addi- 
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tion, to meet the requirements of a shop of the size 
and type herein described, certain features of equip¬ 
ment are recommended in Table 1. 

In order to obtain maximum efficiency in a drill- 
steel plant it is essential that the transportation of 
the drill steel be accomplished expeditiously and 
with a minimum effort, for, regardless of how suit¬ 
able the mechanical equipment may be, it is im¬ 
possible to secure and maintain maximum produc¬ 
tion from the machines and furnaces if a suitable 
means of transportation conforming to the require¬ 
ments of the plant is not provided. 

To meet the requirements of the type of plant 
described in this paper it is recommended that the 
shop. Fig. 1, be equipped with a permanent track 
and turntable, the gage of which corresponds to the 
stondard gage of the mine or quarry tracks, pro¬ 
vided such gage does not exceed 36 in. For trans¬ 
porting the drill steel to and from the shaft, or 
loading platform, a division car of the Copper Queen 
type. Fig. 2, described in the Engineering and Min- 
Mg Journal, June 24, 1916, will be found to meet 
the requirements satisfactorily. This car may be 
equipped with a body detachable from the truck to 


TABU I. 


BQUIFlIBirT BOB SBIU-STBBB SKOP. 


Tzunimortatlon 

8« wood‘tlel 4 > '""'PriolnK 

4 Mine-car turntables—24-ln. gaae. 

1 Turntable (if required). 

cars with revolving body (Copper Queen 

3 Division cars with detachable body (Copper Queen type). 

Fnmaoo 

1 Forging furnace (oil or gas burner). 

« furnace (oil or gas burner). 

2 Drill-steel supports for furnaces. 

? YcDtllators with hoods for furnaces. 

1 Oil storage tank. 

1-in. pipe with fittings for low-pressure air supply. 

%-ln. pipe with fittings for fuel supply. 

2 Pyrometers, equipped with base metal couples having In¬ 
dicating voltmeter and cabinet. 

%^n. electrical-conduit piping (for pyrometers). 

2 Pyrene fire extinguishers. 

Sharpener 

1 Drill sharpener with full equipment of dies and dollies 
Including supplementary gaging dies and pneumatic-hammer 
punch. 

1%-ln. pipe with fittings for compressed-air supply. 

1 Storage cabinet for drill-sharpener appurtenances. 

2 Suspended drill-steel supports (for sharpener and 
grinder). 

^ (direct electric-driven) with two grinding 

wheels 18 x 3 in. 

1 Electric switchboard for motor. 


Tempering 

1 Rotary quenching and tempering machine (Homestake 
type), with 1 H. P. motor. 

J switchboard for tempering-machine motor. 

1 Oil-quenching tank with syanide receptacle. 

1 Ventilator with hood for syanide receptacle. 

Sacks, Tables and Accessories 

1 Inspection and bundling rack with incline, equipped with 
one gage cabinet. 

1 Storage rack for drill-steel bar stock. 

1 Storage rack for finished drill steel. 

1 Used steel table. 

Sanitary Saninment 

1 Sanitary drinking fountain. 

4 Steel double-deck lockers. 

2 Wash basins. 

1 Sanitary towel rack. 

1 Urinal. 

1 Flush bowl. 

1 Emergency cabinet. 


General Bqnlpmcnt 

1 Work bench equipped with 5-in. machinist’s vise. 

1 Desk with drawers and hinged top. 

1 300-lb. anvil. 

1 Set of hand chisels and sledges. 

2 500-watt Mazda lamps with refiectors. 

1 60-watt Mazda lamp with refiector. 

Water piping. 

Compressed-air piping and hose equipped with Davies blow- 
gun. 

Waste piping. 

Oil piping. 

Electric wiring. 

Concrete fioor. 


facilitate the work of transferring the drill steel to 
the mine skip, cage or wagon without removing the 
bars from the receptacle, or it may be employed for 
the purpose intact, and in the case of the mine the 
whole may be lowered to the different levels where 
the distribution of the steel may be made in con¬ 
formity with standard practice. Of the many forms 
of carriages or trucks employed for the transporta¬ 
tion of the drill steel while it is in the transition 
stage during the process of working, that developed 
by the Copper Queen Consolidated Mining Co., and 
described in the article referred to, is perhaps best 
adapted for a drill-steel plant of this general type. 

The compartment car. Fig. 8, consists of a truck 
having the wheel gage corresponding to the track 
standard, on which is mounted a revolvable com¬ 
partment body supported by a ball bearing and 
equipped with a latch' for locking the body with 
relation to the truck in any desired position. This 
car is employed for transiwrting the steel from the 
sorting table and the oil-quenching tank to the heat¬ 
ing forges. In it the various lengths of steel are 
segregated and by virtue of the revolvable body the 
insertion and removal of the drill steel is accom¬ 
plished advantageously. Subsequent to the final 
heating of the bit the steel is transirarted mechani¬ 
cally by the tempering machine and deirasited upon 
the inspection rack. Fig 4, whence it is loaded into 
the division car and transported from the shop. 

The four turntables with which the track sys¬ 
tem is equipped provide means for the cars to be 
bypassed at any point except the dead end and, by 
having the main line extend through the building 
longitudinally, a convenient means is provided 
whereby the track system of the shop may be in 
intercommunication with the yard system and the 
other departments of the mine plant. At the out¬ 
side of the building adjacent to the main entry a 
turn plate is provided, composed of boiler plate % 
in. thick, to facilitate the switching of the cars to 
and from a series of tracks from the yard system 
which may terminate at the outer edge of the plate. 

Heating Furnaces for Forging and Tempering 

The heating of rock-drill steel preparatory to 
for^ng and tempering the bit and shank end is an 
engineering problem and it must be considered as 
such if maximum efficiency is to be obtained. The 
success of the furnace employed depends upon the 
type and the method adopted for their operation. 
In order to perform their function in the most uni¬ 
form and economical manner they must be con¬ 
structed according to scientific principles in which 
the following considerations serve as a basis: 

1. Size and shape of the drill steel to be treated. 

2. Quantity of drill steel to be treated during 
a specified time. 

3. Temperature required to insure proper re¬ 
sults, and means for its regulation and maintenance. 

4. Local conditions. 

5. Most convenient and economical cycle of op¬ 
erations. 

Gas as fuel is recommended where it is available 
at low cost but as oil is of necessity adopted in a 
large majority of mining camps in this country, the 
employment of either as a heating agent will apply 
to the type of furnace described herein. For pres¬ 
ent-day requirements of the average mine or quarry, 
situated in many instances in remote and inaccessi¬ 
ble places, wher^' the carrying of a varied stock of 
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refractory material is not only difficult but also 
expensive, simplicity of furnace desispn with special 
regard to repairs should be considered primarily. 
With this in view the refractory material used in 
the construction of a furnace should be composed 
solely of standard-size firebrick, procurable in al¬ 
most every local market, and it should be assembled 
in such a manner as to enable any blacksmith to re¬ 
pair or rebuild it with ease and success. 

The heating chamber of the furnace should pre¬ 
ferably be of such size and shape, and its burner 
so positioned, that the steel is heated by reflection 
or radiation rather than by direct impingement of 
the flame on the metal. This will prevent blistering 
and reduce the formation of excessive scale which is 
likely to result if the flame is caused to play directly 
on the metal. The heating chamber should be of 
such size as to absorb economically the heat of the 
products of combustion. 

A certain amount of flexibility that may be taken 
advantage of by an untrained operator is desirable, 
inasmuch as the character of the flame required for 
heating, to the best advantage, standard types of 
%-in. hexagon and 1%-in. round hollow steel will 
vary with the size of the bit and the shape of the 
drill shank; and, in the case of the lugs or collars 
on the shank, will require only the heating of that 
portion to be upset, without affecting the extreme 
end of the bar, and thus obviate the necessity of 
cooling the tip l^fore it is inserted in the dies of the 
drill sharpener. This flexibility may be secured by 
employing a burner of such construction that a per¬ 
fectly round or fan-shaped flame is produced at will 
by the operator by merely adjusting a thumb-screw. 
Another desirable feature of such a furnace is to 
have at the end of the chamber from which the drill 
steel is withdrawn a maximum heat zone of con¬ 
stant and uniform temperature, from which the 
temperature is lowered gradually but to an appreci¬ 
able degree toward the end opposite where the steel 
is inserted. This will give the steel time to absorb 
the heat gradually, and will secure uniformity in 


NOTES ON 


Drill Steel 

Octagonal steel is mostly used. Gage of bit 
varies from 200% of width of shank for soft rock, 
to say 130% for hard; chisel edge is generally used 
for hand drilling, and Cross, X, Z, and other shapes 
for machine drills. Size of hole in hollow steel is 
assumed at .25 in. Actually it varies with size of 
steel and with specifications. 

Hand Drilling Bits 

Steel is usually % to % in. For soft rock, 
%-in. steel may have a 1-in. bit; %-in. steel, a 
i.25-in. bit. The chisel edge of a hand bit is usu¬ 
ally convex; its faces should be at 90° for hard 
ro^, and about 45° for soft; in sandstone a blunt 
edge cuts faster. Gage of bit decreases as length 
of shank, or depth of hole, increases. The reduc¬ 
tion in gage depends on hardness of the rock. In 
soft rode, the bit wings wear slowly, and the de¬ 
crease in gage is less than for hard rock. Reduc¬ 
tion in gage is commonly 3/32 to Ys per bit. 


the opening of the grain as the steel bars are han¬ 
dled in rotation. 

It has been determined by experiment that the 
time period of 4 min. is desirable for heating the 
larger sizes of bits formed on the 1^-in. round 
hollow drill steel and in order to insure an output 
of one steel every 30 sec. from the forging furnace, 
the mouth or opening for the insertion of the steel 
should be 2 ft. 6 in. long with a height of SYz in. 
Pyrometer readings should be taken from that part 
of the furnace directly adjacent to the drill sted at 
the point of withdrawal. 

To obtain the best results from any type of burn¬ 
er in point of economy and ease of operation it is 
of prime importance to have both the oil and the 
atomizing agent as constant and steady as possible. 
After passing through the pressure-r^ucing valve 
it is desirable to have the air for the furnace supply 
pass through a pipe mounted directly over and run¬ 
ning lengthwise with the mouth of the furnace. In 
this pipe provision may be made by drilling a series 
of small holes directed downward—^for the escape 
of a part of the air which will serve the double func¬ 
tion of preventing the waste gases from flowii^ 
out in the face of the operator—and assisting in 
keeping cool that section of the drill-steel bar that 
projects from the furnace. After passing along the 
mouth of the furnace the air should preferably 
make two three-quarter circuits on the'top of the 
brickwork, but inside of the cast-iron casing, for 
pre-heating it, preparatory to admission to the 
biimer. Fig. 5 shows a furnace constructed along 
these lines. 

The drill-steel support shown by Fig. 6 provides 
a simple, rugged and convenient means for sup¬ 
porting the drill steel during the heating operation. 
Constructed from flat bars of x 2-in. low-carbon 
machinery steel or wrought iron it may be made by 
any blacksfliith with an ordinary forge-shop equip¬ 
ment. 

Prom article by George H. Gilman, formerly with Sullivan 
Machinery Company, in Engineering and Mining Journal, 
October 6. 1917. 
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Machine-Drill Bits* 

Fig. 1 shows different shapes. A is standard 
American cross-bit. B has an excess clearance 
angle (16°) and round edges (see A); wears rap¬ 
idly on the comers, and hole tends to rifle. A is 
stronger than B, and in soft rocks will remain 
shaip about four times as long. C, Simmons bit: 
2 wings are solely for reaming and keeping the 
hole round; a rapid driller in hard rock. D, Brun- 
ton bit, which combines the easy sharpening quali¬ 
ties of the cross-bit with the advantages of the X. 
E is the X-bit, the wings of which must revolve 
180° for the edges to strike twice in the same place; 
this prevents rifling. F is a high-center bit, fa¬ 
vored for hammer drills, because it starts a hole 
easily; but it is apt to follow seams and cause 
crooked holes, and does not mud (clear out the 
cuttings) freely. G is a fast-cutting bit, but cor¬ 
ners dull rapidly and break easily. H, round-edge 
bit, is good in soft rock but rifles in hard. I, Y-bit, 
muds freely, as there is plenty of room for the cut- 

•T. H. Proske, Min. and Sc. Press. 
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tings to escape; difficult to sharpen by hand. J, 
bull or chisel bit, formerly used for hard rock in 
Missouri and still sometimes used in marble quar¬ 
rying; has been superseded by power-sharpened 
X-bit; cuts fast in a seamy shale with a water jet. 



Fig. 1. Shapes of Machine-Drill Bits. 

K, Z-bit, sometimes employed where hand sharpen¬ 
ing is in use. L, 6-wing rosette, made with power- 
sharpener and used for hammer-drills only. M, 
cross-bit for hammer-drills. N is the same bit, 
with hole at center instead of at side. 0 is a Z-bit 
widely used in Germany, usually with a spiral 
twisted shank. 

SKAPBB Am D»IBr.Hr8 sfbbds ot kakkbb-bbiu 
BITS 


Description 
of bit 

Duration of run, 
minutes 

Diameter of hole, 
inches 

Aver. In. drilled 
per run, 70-lb. 
air pressure 

Aver. In. drilled 
per run, 85-lb. 
air pressure 

1 

Remarks 

26* diamond 
point +... 

■ 

1 % 

6 % 

8% 

Spots easily. Hole 
rifles slightly. Ro¬ 
tation easy. Gage 
holds well. 

25* diamond 
point X... 

2 

1 % 

6 

. _ 1 


Spots easily. Drills 
round holes. Ro¬ 

tation easy. Gage 
fairly durable. 

Convex .. 

2 

1 % 



Spots easily. Hole 
rifles slightly. Ro¬ 
tation easy. Gage 
holds well. 

Plat -f-. 

2 

1 % 

1 % 

6 

00 -4 

Dlfflcult to spot 
hole. Hole rifles 
badly. Rotation 
hard. Gage fairly 
durable. 

•4* con¬ 
cave -f-.... 

2 

6 % 

25* pointed 
Bpll 

2 

1% 

5% 1 

m 

Spots easily. Drills 
round hole. Ro¬ 

tation easy. Gage 
wears rapidly. 

Flat Bull 

2 

... 


1 

7t4 

Difflcult to spot 
hole. Hole rifles 
badly (3 flutes). 
Rotation hard. Gage 
wears rapidly. 


Courtesy Sullivan Machinery Co. 


Arrangement of Drill Holes in Tunnels 

The arrangement of drill holes is influenced by 
local conditions, but nearly all the systems adopted 
in American mining tunnels and drifts may be 
classified under three heads, according to the type 
of cut employed. 

The “cut” or “cut holes” are those which are 
pointed in such a manner that, when blasted first, 
they remove a core or wedge of rock from the solid 
face, thus decreasing the work to be done by the 
remaining holes. 

The wedge or “V” or center cut, the one most 
commonly employed, consists of several pairs of 
holes directed toward each other from opposite 
sides of the heading. They break out a wedge- 
shaped prism, usually extending from floor to roof. 
Figs. 2, 2a and 3 show several arrangements of 



wedge cuts. In Fig. 2, holes 1 to 8 comprise the 
cut and are blasted simultaneously. Side holes 9 
to 14 are next fired together, the back holes 16 to 
18 being fired last. In Fig. 2a, the cut holes 1 to 6 
are blasted together, followed by relievers 7 to 12 
and finally by trimming holes 13 to 22. Fig. 3 
shows arrangement with horizontal-bar mounting. 




Fig. 3a. Pyramid Cut. 


Holes 1 and 2 are “short-cut holes”; 3 to 6 are “long 
cuts”; 7, 8, 9, 10, 19 and 20 are “relievers”; 11 to 
14 are “sides”; 16 to 18, “backs”; and 21 to 23, 
“lifters”; the numbers indicating the order of the 
blasting. 



Fig. 4. Pjrramld-Cut Round 
Drilled from Horizontal Bar. 
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The pyramid cut consists usually of four holes 
drilled so that they actually or nearly meet at a 
common point (generally near the axis of the tun¬ 
nel), which, when properly blasted, remove a more 
or less pyramidal core. Figs. 3a and 4 show two 
arrangements of this method. The numbers show¬ 
ing the sequence of the blasting. 

The bottom or draw cut. Fig. 4a, is the method 
usually used for small tunnels and mine openings 
where it is impractical to drill an effective wedge 
or pyramid. 

Depth of Hole 

The most economical depth of hole must be de¬ 
termined by trial in each individual case, because 
of the numerous variables influencing the result. 
Usually a depth of round from 60% to 75% of the 
width of the working will be found satisfactory. 

Number of Holes per Round 

Physical character of the rock is the most im¬ 
portant factor in determining the number of holes 
per round. In general igneous rocks require more 
holes than sedimentary rocks. 

Arrangement of Drill Hdes in Shaft Sinking 

Drill-hole location in sinking is governed by the 
fact that only one free face is e^osed, and that to 
obtain maximum efficiency from the charge two 
faces are necessary. One or more cut holes are 
drilled at an angle to the free face, and blasted in 
advance of the other holes, which are placed to 
take advantage of the new face formed by the blast. 
The cut is usually drilled at the middle of the shaft 
section, though in large shafts they are at times 
placed at one end, retreating towards the opposite 
end in blasting, and firing each row of holes in 
series. This arrangement tends to throw the 
broken rock to one end of the shaft so that the 
opposite end may be speedily cleared for the ma¬ 
chines to begin work while mucking is in progress. 

Hand-drilled holes are usually shorter and more 
numerous than machine-drilled; they are placed 
with care to take advantage of the bedding planes, 
cracks and shape of face, not with especial regard 
to the symmetry of the arrangement. The cut is 
sometimes carried well in advance of the other 
holes, which recede towards the shaft ends in a 
series of benches. 

Machine-drilled holes are placed and pointed in 
accordance with a system designed to give desired 
results even at increased powder consumption. A, 
symmetrical arrangement facilitates the operation 
of the drills, and enables the maximum number of 
holes to be drilled from each set up of the shaft bar. 

“V,” center or wedge cut is most commonly used. 
It comprises a number of pairs of holes inclined 
towards each other from opposite sides of the short 



Cut for Shaft Sinking Fig. 6. Double-V or Wedge-CuL 


center line of the shaft, their bottoms being close 
together or preferably meeting. Figs. 5 and 6 
show two forms of this cut. Holes in lines 1 com¬ 
prise the cut and are blasted first. The other holes 
are blasted in sequence. Fig. 5 is a simple cut, 
while Fig. 6 is for a deep cut. 

Pyramid cut is rarely used except in circular 
shafts. Figs. 7 and 8 show arrangement of this 
cut for round shaft and rectangular shaft, respec¬ 
tively. 



Plgr. 7. Pyramid-Cut for Clr- Pig. 8. Pyramid-Cut for Roc- 
cular Shaft. tangular Shaft. 

The bench or stope cut (Fig. 9) is sometimes 
used in tight ground. The cut is alternated from 
one side of the shaft to another. There are always 
two more or less free faces, thus increasing the 
efficiency of blasting. This cut also tends to 
project the broken rock towards the opposite end 
of the shaft, as do the wedge and center cuts, so 
there is less delay in setting up drills and damage 

to timbers and pumps. 

Bottom cut (Fig. 10), 
simila r to that used in 
tunnels, is sometimes 
useful for flat inclined 
shaft. 

Fig. 10. Bottom-Cut for Plat 
Fig. 9. Bench or Stope Cut. Inclined Shaft. 

COST OF KAITD HAUMTO DBZZkUVO 



KiadoC 


Railfoedcntl 
Open cut... 
O^cut... 
Sid».hincut| 
Optticut 
Railroad cut 
Railroad cut 
Railroad cut 
Railroad cut 
Block holea. 


Trench.. 
Trench.. 
Open cut, 
Tjinnd.. 
Tunnel.. 
Tunnel.. 
Tunnd.. 

Tunnel. 

Mine.{ 

Mine. 

Mine. 

Tunnel. 

Shaft. 


Kind of rock 


Hard limestone... 

Mica schist.. 

Mica schist. 

Gneiss..— 

Hard porphyry— 
it|Very hard granite. 
Dark hornblende.. 

Red gn^te. 

Trap, diabase. 

Red granite. 


Limestone.. 
Shale.. 


Gneiss, tough schist. 
|Very'hard mica schist.. 
Conglomeiate, shale. 
Tough sandstone..., 
Very bard syenite, q*ttite| 
Augite diorite, firm red) 
porphyry J 

Chalcopyrite. lime8tone| 

Medium rock. 

(Compact phonolite dikel 
'(Compact phonolite dike 


2.00 
I.SO 


a.as 

3.25 

2.25 
2.25 
3.35 


2.25 

2.25 


3.50 


DiamoC 
bit, iu 


l»i| 


|D^ 

of 


oH 


2.001-iH 


iH 
iW 
x^ 


iH 


7.5 

7 .5 , 
«-x6 


12 
lavx.asl 
o.S-4 


2.0 

x.«7| 


i.S 

1.0 

6.0 


a.s 

a.5 

a.s 


Ptper 

hr 


U 

x.S 

. 6 - 0.81 

X .4 

2.9 

a.o 

x.ds 

[x.OS 

x.as 


0.35 

X.OD 


x.X 9 

x.as 

<•48 

i.o 
O.S 
x.o 
I. a 


Cost 
per ft. 


#>.e 

40.3 

80 


3a.o 

4a,o 

44.0 

74.0 


U.o 

pB.e 


S9.o 


a8.e 
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CHICAGO PNEUMATIC TOOL CO. 

Chicago Pneumatic Bldg. 

6 East 44th Street, NEW YORK 

i 

SALES AND SERVICE BRANCHES ALL OVER THE WORLD 




Products 

Air Compressors — Gas, Oil, Gasoline, Steam, 
Belt and Motor Driven; Vacuum Pumps and Gas 
Compressors; Receivers and Aftercoolers; Semi- 
Diesel Oil En^nes; Gas and Steam En^nes; Little 
Giant Air Hoists for Mine and Shop; Air and Elec¬ 
tric Rock and Coal Drills; Boyer ^eumatic Ham¬ 
mers for Riveting, Chipping, etc.; Little Giant 
Electric Tools; Air Hose; Accessories. 

Mine Car Compressors 

Operated by electric motor. Can be quickly mov¬ 
ed to any section of the mine requiring air power. 

Saves time, expense 
and trouble by elimin¬ 
ating expensive sys¬ 
tems of piping and line 
losses. Made in three 
sizes, 147, 218 and 314 
cu. ft. per minute at 
' zy' pressure. 

Mine Car Compressor. Truck Equipped ^th either 
wheels are adjustable to run on D.C. Of A.C. mOlSture- 
18 to 56 H In. gauge track. proof electric motor of 

any required standard voltage. Ask for Bulletin 601. 

Summer” Air Hammer Drills 

*‘Hummer” Hammer Rock 
Drills have independent rota- 
tion and are equipped with Ui jUM^ 
indestructible Ball Valves. Sim- 
plicity, sturdiness in construe- ■fcfci 
tion, ease of operation, coupled 
with hard-hitting power, have O 

been basic considerations in the 
development of HUMMER 
Drills. Can be operated by 
band or mounted on drill col- 
umn by using cradle mounting. 

Can be used for drifting, sink- 
ing and stoping. Made in two VV 
types, one for ‘dry* and one for 'Sr 

‘wet’ operation. Ask for Bui- H 

letin 899. "Hummer Air Hammer 

"UUMJLBB” BXIU8 AMD ACOBSSOBIBS 


DESCRIPTIVE TABLE 


Cylinder diameter . 

Length of Stroke. 

Weight . 

Lenirth overall . 

Size of Air Hose. 

Size of Water Hose. 

Size of Hexagon Hollow Steel. 

Depth will drill easily. 

Code with equipment. 


A-86 

A-86W 

2* in. 

2A In. 

3% in. 

3% in. 

48 lbs. 

48 lbs. 

18% in. 

18% In. 

% In. 

% in. 


In. 

% In. 

% In. 

10 ft. 

10 ft. 

Rezaba 

1 Rhecomis 


Little Giant Universal Hoist 

For hoisting and lowering buckets, mine tim¬ 
bers, tools, etc.; pulling and “spotting” cars for 
slushing operations and other emergency work 
about the mine. 



“Little Giant” Universal Hoist 

Weighs 300 lbs. Will hoist 660 lbs. at a rope 
speed of 103 ft. per minute. Has a capacity of at 
least 1,000 lbs. Is rugged, simple and safe to op¬ 
erate, and can be either clamped to a drill column 
or bolted to a mine timber. Bulletin 621 gives full 
details. 

Chicago Universal Couplings 

Each side of coupling is a combination of male 
and female, allowing any size to be coupled to any 
other size. Made for male and female thread pipe, 
and for % to 1-inch hose. 


No. 6 Plug and Feather DriU 

This drill is used in quarries for plug and feather 
work in splitting up large blocks. Holes % to % 
inch in diameter and 3 to 6 inches deep are drilled. 
The design and material are proved, the machine 
having been in general use for years. Bulletin 172. 

MINING CATALOG 


Chicairo Universal Couplings 

Air Hose 

The spring-like, braided construction of C-P 
Cord Air Hose makes it stronger than a cord auto¬ 
mobile tire. Its exceptional strength, durability 
and wearing qualities, remove all ne^ for wire 
winding; hence it is furnished plain only, in ^ and 
%" sizes, either 26 or 60 foot lengths. To users 
who want the best we urge the use of C-P Cord 
Air Hose. 


C-P Cord Air Hose 

Multiple Duck-Wrapped grade can be furnished 
either plain or wire wound. Made 6 ply; *4" 
—5 ply; —7 ply; and %"—7 ply sizes, each in 
26 or 60 foot lengths. A high grade hose giving 
excellent service. 
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COCHISE MACHINE COMPANY. 


COCHISE MACHINE COMPANY 

Office and Factory 

LOS ANGELES, CALIFORNIA 

Representatives in 

NEW YORK CITY BUTTE, MONT. SALT LAKE CITY 

PRESCOTT, ARIZ. SPOKANE, WASH. GOLDFIELD, NEV. 

SAN FRANCISCO, CAL. JOHANNESBURG, SOUTH AFRICA 

Manufacturers of 

Rock Drilling Machines^ Concrete and Pavement Cutters, 

Drill Columns, Steel, Etc. 


Cochise Drills are distinctive for simplicity of construction, low up-keep cost and economy in power 
consumption—awhile the drilling speed easily exceeds any competitive drill of the same cylinder 
dimensions. 



No. 36 

Rock Hammer 


Rock Hammers 

Are made in three sizes. Elach 
size is manufactured in both dry and 
wet types. They are equipped with 
automatic rotation, steel holders, 
hole cleaning device, etc. Can be 
used mounted or held by hand. 

The No. 36 shown in picture 
weighs 45 lbs., consumes 52 cu. ft. 
of air at 85 lbs. pressure. 

This drill has taken part in many 
contests and has never been out- 
drilled by drills in its class. It drills 
as fast as many of the larger ma¬ 
chines, while consuming less than 
half the power. 



Rock Hammer Mounted 

This strong and compact mounting will with¬ 
stand the strains rock drilling machinery is sub¬ 
jected to. 



Cochise Stopers 

We make these models in two sizes, 
2Ys and 2% cylinder diameter. 


They are equipped with our quick¬ 
acting valve, which enables them to 
strike hard and rapid blows, while the 
air consumption remains low. 



They are convenient to operate; 
comparatively light and compact, with 
no lugs or other protruding projections 
that might get Imocked off by careless 
handling. 


Cochise Piston Drills 

Are manufactured in sizes of 2^, 2% and 3Vi 
cylinder diameter. They are compact, strong and 
Efficient. 


Concrete Cutter 

The Concrete Cutter is a non-rotating powerful 
hammer of the plugger type. It is most efficient 
in breaking up old foundations and cutting pave¬ 
ments. 
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THE CLEVELAND ROCK DRILL CO. 

General Offices and Plant 

CLEVELAND. OHIO. U. S. A. 

Branches in.AU Important Mining Centers 


Products 

Rock Drills—Augers, Drifters, Rotators and Stopers; Drill Columns and Mountings; Air Hose and 
Couplings; Air Valves; Drill Steel. 


CLEVELAND No. 44 ROTATOR 



This machine contributes greatly towards sub¬ 
stantial reductions in drilling costs. 

Increased drilling speed is accomplished by our 
exclusive patented Pocket-in-Head which acts as an 

air reservoir. It 
stores up air con¬ 
tinually at line pres¬ 
sure, passing it on 
to the hammer 
piston at a higher pres¬ 
sure than is possible in 
any other rotator on the 
market. A “snappy” blow 
of the hammer results, 
and, consequently, in¬ 
creased drilling. 

Important parts are 
unbreakable, selected ma¬ 
terial being used through¬ 
out. Cylinder, grip handle, 
chuck housing, steel pull¬ 
er, etc., are expertly drop 
forged. 

Oil is fed from a reser¬ 
voir in the grip handle. 
If filled several times a 
shift with a good grade of 
^'®'®Rotator' light oil, d^ls will not 
stick. 

The controlling valve on standard machines is 
an integral part — no external valve is needed. 
Mounted machines are equipped with an offset 
Spade handle and an external plug cock. 

The Steel Puller is very simple. Stout springs, 
easily replaced if broken, absorb the shock. 


Cleveland Valves—The valve is the heart of 
any driU. It must work freely and quickly. 
Equally, it must resist wear, as excessive wear re¬ 
sults in quick depreciation of efficiency. 

The Cleveland Tubular Valve has more wear 
resisting surface than that of any other rock drill 
made. This means long life, which is further as¬ 
sured by the use of specially selected, heat treated 
steel. 


Type “Forty-Four*’ SD—Is the dry machine 
using standard sizes of hollow drill steel with 3^" 
shanks. The machine is provided with a most effi¬ 
cient device for clearing the driU cuttings away 
with air. 

Type “Forty-Four” SW—Is the wet machine 
using standard sizes of hollow drill steel with 
shanks. Machine is equipped with a needle water 
valve on outside of the machine and a steel tube od 
the inside, running down through the packing nut 
and rubber packing which holds it solid and keeps 
water from entering the valve block or driU cylin¬ 
der. This tube extends about inches into the 
shank end of the driU steel. 


ounsAt sPBOinoATom 


LENGTH; No. 44SD No. 44SW 

Overall lengrth without Steel Puller.18 in. 18 in. 

Overall length outside of handle to out¬ 
side of Steel Puller.20^ in. 20% in. 

Overall length Mounted Machine from 
back of feed screw handle to front 

of shell .46 in. 45 in. 

WEIGHT: 

Rotator only .40 lbs. 41 lbs. 

Shipping Weight .66 lbs. 66 lbs. 

AIR HOSE: 


Best results are obtained with hose of inside diameter. 
DRILL. STEEL: 

Chuck for Hex is standard unless otherwise specified; 1" 
Hex, or I'' Quarter Octagon, or or 1" Square can 
also be furnished if desired—all shanks are long. 

No. “Forty - Four” Mounting — Is light and 
rugged. The drill can be removed and used as a 
hand machine by loosening only two nuts. Ample 
locking devices prevent vibration from loosening 
the nuts. Water tubes can be removed without 
dismounting the drill. 



The **Forty-Four*’ Mounting 


Vo. 44-M MOXrVTXVO 


W'eight—Mounting only . 

W'eight—of drill mounted . 

Length of mounting overall . 

Height . 

Distance from center of machine to top of mounting.. 

Length of Peed Screw . 

Maximum travel of machine. 


.56 

.96 

.46 

.40% 

.30% 


lbs. 

lbs. 

in. 

in. 

in. 

in. 

in. 


CLEVELAND AUGER DRILL 


A distinctive Cleveland product, built for use in 
soft shale, coal, soft iron ore, etc. Under actual 
test, it regularly drills about 25% more than its 
nearest competitor. It has a very rapid and dur¬ 
able spool valve, a powerful rotation at just the 
right speed for the work it does, and the usual 
Cleveland drop-forged construction. The regular 
chuck for this drill is the standard %" Hex, for 


the 31/4" collared shank on twisted steel. Other 
. shapes and sizes will be supplied when so ordered. 

Air connection is %" and the drill weighs 35 
pounds. 

The best way to become acquainted with the 
Cleveland Auger Drill is to allow us to prove our 
claims for its efficiency by actual demonstration in 
your ground: 
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AIR DRILLS. 


THE CLEVELAND ROCK DRILL CO. 


“NEW” CLEVELAND POCKET-IN-HEAD STOPERS 


Are made in two sizes—the 2S, weighing 75 
pounds, with piston diameter of 2 inches, and the 
4S, weighing 100 pounds, with 
piston diameter of 21/2 inches. 
The smaller machine is recom¬ 
mended for all but the very 
hardest rock, as it is easier to 
handle, on account of its light 
weight, and also because the 
weight of the blow which the 
piston hits is so much harder 
than that of any other hammer 
drill, that this increase, com¬ 
bined with a vety high piston 
speed and practically 100 per 
cent air efficiency due to the 
“Pocket-in-Head”, results in a 
drilling capacity ve^ much in 
excess of that obtainable with 
any other similar machine. 

We guarantee that this 2S 
machine can do more work than 
any other machine you now have 
in operation. 

What a “New Cleveland” 
will do in your mine under your 
conditions of rock—^whether it 
" is hard or easy to drill—can only 
be determined by a trial. A fair 
trial will convince you that the 
“New Cleveland” Stoper will in¬ 
crease your drilling per shift 
and decrease the ejpense by 
enough to pay for its initial cost 

2S “New” Cleveland -t-iwiAa /wrAv* 

stoper many times over. 



Hammer Head—Contains an air pocket which 
holds twice the air needed to supply the piston 
chamber. This is mainly responsible for the 
greatly increased drilling capacity of the 2S drills. 


pressure is supplied, which in some machines causes 
the piston to hit the valve on its rearward stroke 
and very often break it, no damage can be sustained 
in any way in type S machines. 


There is also a dead air pocket at the rear 
end, which, acting as a cushion, reduces vibration, 
and positively starts the piston immediately on its 
forward stroke at the same instant the air is pour¬ 
ing into the cylinder from the “Pocket-in-Head”. 

Because of the “Pocket-in-Head” and 
the very short, large air ports, the 
operating valve on type S Stopers is 
unusually fast, and as the speed of 
the valve controls the speed of the 
piston, we are able to get remarkable 
results—^not only in cutting capacity 
but also in ease of rotation, no matter whether your 
rock is hard or soft. 



Valve and 
Block 


Lubrication—The hollow rocker handle, if sup¬ 
plied with a good light oil, will feed a small amount 
to the machine each time the throttle is opened in¬ 
suring sufficient oiling of every moving part. This 
device must be filled at least once each shift. 


Repairs—^The “New Cleveland” Pocket-in-Head 
Stopers are of such design and made up of such 
carefully selected materials, that even if abused, 
they will stay at work longer than other drills of 
similar type. When repairs are necessary, how¬ 
ever, the entire machine can be pulled apart by un¬ 
screwing four nuts. An unskilled laborer can make 
any repair very quickly. 


Uses—The “New Cleveland” type S drill, be¬ 
cause of its light weight and easy rotation,-can be 
used for drifting as well as stoping, although origi¬ 
nally designed as a stope drill only. If desired, hol¬ 
low steel can be used with a hollow striking piece to 
allow the air to pass through the steel to blow out 
the cuttings; 


The pocket of air acts like the receiving tank of 
a compressor to a drill in opera- 
tion. Without the air pocket 
the hose acts as a receiver, but 
’ a very poor one. By the use 

of the “Pocket-in-Head”, line 
pressure is maintained on the 
“ piston during the entire stroke 
so that both the number of 
blows per minute and the force 
of each blow is increased—and these are the factors 
determining the speed of drilling. 


More work per shift, accomplished with less air, 
is the result of this feature of “New Cleveland” 
T 3 T)e S Drills. 

Valve and Block—Both are simple, carefully 
hardened and ground, and as the travel is short and 
the wearing surface large, long life and long con¬ 
tinuance of the initial efficiency is assured. The 
piston goes completely through both valve and 
block, so even though extremely wet air at low 


Steel—^We recommend the use of ly^" cruci¬ 
form or 1" quarter octagon steel with type S 
Stopers. 


Advantages 

Large air ports. 

Automatic oiling device. 

Drop forged parts throughout. 

One diameter reversible piston. 

Unbreakable valve and valve block. 

Greatest possible wearing surface on valve. 

Pocket-in-Head reservoir, reducing air con¬ 
sumption. 

INCREASED DRILLING. 

REDUCED REPAIR COSTS. 

REDUCED AIR CONSUMPTION. 
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THE CLEVELAND ROCK DRILL CO. 


DRILLING ACCESSORIES. 


9 


Cleveland “Veribest” Air Hose 


DRILL SUPPLIES 

Cleveland Pressure-Seated Air Valves 


Is made in one grade only, of such materials and Are made “pressure tight” by the air itself 
to specifications best suited for Rock Drill Service, which holds the valve plug firmly on its seat. 


“Veribest” Inner Tube is so compounded as to 
resist action of oil from the compressor and does 
away with trouble caused by pieces of rubber flak¬ 
ing off and getting into the 



ports of the drill. 

The fabric is a high grade 
duck of selected weight, wound 
in proper number of plies to 
resist any usual working pres¬ 
sure and still leave the hose 


**Verlbest” Air Hose pliable. 


Friction, or the property which sticks the tube, 
cover and different layers of fabric together in 
one unit, is exceptionally strong, and prevents blis¬ 
tering and the layers from coming apart in service. 


“Veribest” Hose is carried in stock for immedi¬ 
ate shipment in all sizes, plain, oval-wire wound 
or cotton-jacketed. 


Prices and samples upon application. 


The air passes through the hollow plug into the 
hose line, but at no time does it touch the seat. 

Cleco Valves never require packing, springs or 
renewal of valve seats, as do other makes. The 
saving of time in repacking is a big item. 



pRessune 

POINT 

7^ i4/r Pressure 
is always on the 
Large end afXidve 
Plug holding it 
firmfy on Seat. | 


Cleco Pressure-Seated Air Valve 


Cleveland “Neverleak^^ Couplings 


Are the quickest connection made to connect or 
disconnect hose to hose, hose to pipe or pipe to pipe. 

When used i n 



Cleveland “Neverleak” Coupling: 


place of unions, 
the ultimate sav¬ 
ing is many times 
their first cost. 


A push and a turn makes an immediate air¬ 
tight connection; there are only three parts—male 
end, female end and gasket; no threads; no projec¬ 
tions to catch when dragging hose around; they 
cannot become accidentally disconnected but can 
be connected without the use of a wrench and in 
the dark, if necessary. 


“Neverleak” Couplings are made in V^", %" 
and 1" sizes, all of which are interchangeable. 



Cliart of Sixes 

IMPORTANT: Figures under Hose Ends refer to 
size of hose; under pipe ends to size of pipe threads. 
Both figures and symbol letters must be stated in 
your order. 

Made in twelve sizes and types. 

Any male end can be Interchanged with any female 
end, whether hose or pipe. 

Any of the six ends on the left half of chart fit 
any of the six ends on the right half of chart. 


style S. L. Cleco Straightway Valve 

Is made in the following sizes: l^", 

1", ll^", 1^" and 2" standard pipe thread 
inlets and outlets. 

Inlets and outlets are the same size and in align¬ 
ment; both are standard pipe thread. 

The valve is adapted for either vertical or hori¬ 
zontal pipe to pipe connections or pipe to hose as 
desired. 



The “pressure seated” feature is incorporated 
in this straightway valve. 

The illustration above shows a bi-pass in the 
inlet end through which the air passes to the large 
end of the valve plug, where a constant pressure is 
maintained on the plug, holding it firmly on the 
seat. 

“A” shows the bi-pass, “B” the waste port. 
Engineering Service 

We offer the services of our Cleco Sales Engi¬ 
neers without cost to air users who will make a 
careful analysis of air systems at your plant or 
mine and offer such recommendations of changes 
and additional equipment as appears necessary to 
bring your present air system up to date. 
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INGERSOLL-RAND COMPANY. 




INGERSOLL-RAND COMPANY 

11 BROADWAY, NEW YORK 


Power Plant and Drilling Equipment 

For Offices and Products See Pages 170, 171, 172, 458 and 459 


BCRW-430 

“Jackhamer" 

“Wet” machines 


Tnw 

1 Pounds 

1 Inches 

BAR-33 


15% 

BBR-13 

37 

17% 

BCR-430 

47 

20 

BCRW-430 

1 50 

20 

DCR-13 

56 

22% 

DCRW-13 

1 59 

22% 

DDR-13 

1 73 

25 

DDRW-13 

76 

25 




Products 

Rock Drills including mounted, hand hammer 
and stoper types; Rock Drill Mountings; Rock Drill 
Steel Sharpeners; Track Drills; Hose Couplings; Oil 
Furnaces; Pedestal Grinders and Shank and Bit 
Punches; Quarry Machinery; Rock Drill Steel and 
“Little Tugger” Hoists; Pneumatic Wood-boring 
Machinery. For other products see pages 170, 171, 
172, 458 and 469. 

“Jackhamer” 

The “Jackhamer” is the superior hand hammer 
type rock drill. The distinctive features are: All 
steel, dropped forge construction; automatic rota- 
tion; spring held front head; steel 
esSwSS holder; automatic lubrication; effi- 
cient dust blowing device and “But- 
terfly” valve. The “Butterfly” valve 
^ is used on all types except the 

* “DCR” and “DDR” which use a 

spool valve operating on the “But- 
\ IjL terfly” principle. 

“Jackhamer” has been de- 
veloped in a large variety of sizes 

VW y and types, each 

• suited to a particu- . -|Tj 
••jSamer" claSS Of WOrk aS / 

mentioned below. \ HnSM. 
The last four types can be oper- \ | 
ated by either compressed air or \ A 

steam. The last three can be fur- V irft ^ 

nished with (wet) or without Aa> WM /, ^ 

(dry) water feeding device. This .^sJI J/ 11 
water feeding device is of the M 

well known “Leyner” design in © | 

which water is passed through the 
backhead and water tube, then to 
the hollow drill steel where it is 
mixed with air under pressure. “Wet” machines 
allay the dust and remove rock particles from the 
cutting face of the drill bit, permitting each blow 
to do effective work. The cooling of the steel by 
the water has also been found beneficial in main¬ 
taining the temper of the bit. 

Type “BAR-33” is for light drilling in soft or 
medium ground. 

Type “BBR-13” and “BBR-230” are principally 
used with twisted auger in coal or soft iron ore. 

Type “BCR-430” is designed to meet the greater 
majority of hand hammer drill work. 

Type “DCR-13” is designed for shaft sinking 
in average rock or for work requiring a slightly 
heavier drill than the “BCR-430.” 


Type “DDR-13” is built for the heaviest and 
roughest hand hammer drill service. 

Bulletin 4046 covers “Jackhamers”. 
“Jackhamer” Mountings 

The “Jackhamer” Mounting is adapted for use 
either on the arm of a column, horizontal shaft bar 
or on a tripod. 

This is a thoroughly 
practical outfit for flat hole 
work, such as drifting, or 
tunnelling. The drill can, 
therefore, be used for a 
two fold purpose; mounted 
for drilling flat holes in the 
heading and unmounted for drilling down holes in 
the bench. Full details on request. 



JC-10 

For “BCR" 

JC-11 

For “DCR" 

JD-10 

For **DDR“ 

Weight of Hoouting. 

69 lbs. 

70 lbs. 

70 lbs. 

Weight with Jackhamer complete. 

116 lbs. 

126 lbs. 

143 lbs. 

Length .. 

89 in. 

89 in. 

39 in. 

Height . 

Distance from bottom of cone to 

10% in. 

10% in. 

11% in. 

center of Jackhamer. 

8 in. 

1 8 in. 

1 8 in. 

Feed — adiig Hex. J. H. shanks. 

20 in. 

20 in. 

20 in. 

Max. movement of sliding cone. 

19 in. 

1 19 in. 

1 19 in. 


The standard 3'' S. 8. Column is suitable for use aith the Jackhamer Mountings, 

“Leyner-IngersoU” Drifters 

“Leyner-IngersoH” Drifters have gained an en¬ 
viable reputation for fast drilling with a minimum 
of up-keep cost and time lost for repairs. They are 
light in weight, easily han- u 

died and are the standard 1 

drills of many of the largest ^ 

mines and rock drilling pro- I .f A 

jects of the world. 

There are several differ- iMps# 

ent sizes manufactured es- 
pecially to meet different f ^ 

requirements. Where pres- 4 1/ 

sures of 70 lbs. or above are j ' | 

available and for the usual * „ H 

drifting and tunnelling No. 26 “Leyner-Ingersoir* 

work, the 148, 248 or 448 

types are recommended. Where a light drifter is 
required the 26 type is recommended. 

These hammer tsTpe drills 
!■ i I embody a number of desir- 

able features, such as, the 
t, | ■ ^ “Butterfly” valve, automat¬ 
'll'^ ic lubrication and rotation, 

... 9, , water feed and chuck for 

all types of hollow steel. 
Bulletin 4038 covers 148, 248 and 448 t3i>es. 
Bulletin 4120 covers the 26 type. 


aaiMiuk 


•When used with anvil block. 

SECTION VI 


•Wlien used with anvil block. 


MINING CATAL.OO 


Digitized by 


Google 


















INGERSOLL-RAND COMPANY. 


AIR DRILLS AND SHARPENERS. 299 


“Stopehamer” 

The “Stopehamer” is the standard type of ma¬ 
chine for the drilling of holes from 20 degrees above 
the horizontal to vertically upward. The general 
features of construction, applying to 
all types are: all steel construction, 
renewable anvil block bearing, single 
throttle control, “Heart-Beat” lubri¬ 
cators, extra long chuck and spring 
retained front-head. 

There are twenty patterns of 
“Stopehamer”; wet or dry; plain, ex¬ 
tension, or reverse air-feed; light or 
medium weight; valve-controlled or 
valveless. Under the valve-controlled, 
are grouped the “BC” pattern which 


is equipped with “Butterfly” valve and is preferred 
where only medium pressures (about 70 lbs.) are 
available. 

The “CA” and “CC” are valveless and are 
equipped with a differential piston 
and air exhaust relief valve. They 
are superior to any drill on the mar¬ 
ket for pressures higher than 70 lbs. 

These last two t 3 i)es are nearly iden¬ 
tical except as to weight. The for¬ 
mer fills the demand for an exception¬ 
ally light machine; the latter where 
the drilling conditions are more 
severe. 

Bulletin 4311 covers the “BC” pat¬ 
terns and Bulletin 4336 covers the 
“CA” and “CC” patterns. 




CCW-12 

“Stopehamer** 


Bore of Hammer Cylinder. 

BC21 

2" 

BCW21 

2** 

BC22 

2** 

BCW22 

2 " 

OCll 

l%r2% 

CCWll 

l%x2% 

CC12 

l%x2% 

CCW12 

l%x2% 

CC-21 

l%x2% 

CCW-21 

l%x2% 

CC-22 

l%x2% 

CCW-22 

l%x2% 

Lencth of Stroke. 

4" 

4** 

4" 

4" 


3" 

3" 

3" 

4" 

4" 

4" 

4" 

Travel of Air Feed. 

22'* 

22" 

22 " 

22" 

22" 

22" 

22" 

22" 

22" 

22" 

22" 

22" 

Travel of Extension Pointer. 



... 


... 








Length of DrUl (Feed aos?d). 

61%" 

52% " 

56%" 

58" 

51%" 

53" 

56%** 

58" 

55%'* 

57%" 

60%" 

62%" 

Length of DrUl (Feed Extended). 

73%" 

74%" 

78%" 

80" 

73%*' 

75" 

78 %" 

80" 

77 %" 

79 %" 

82%" 

84%" 

Length of Drill (Feed Extended and 
pointer run out). 











DUmeter of Air Feed (Pressure 70 
lbs. or over). 

2%" 1 

2%" 

2%" 

2%" 

2%" 

2%" 

2%" 

2%" 

2%" 

2%" 

2%" 

2%" 

Diameter of Air Feed (Pressure un¬ 
der 70 Ihs.). 

2%** 


! 2%" 

2%" 

2%" 

2%" 

2%" 

! 

2%" 

2%" 

2%" 

2%" 

2%" 

%" 

Sixe of Inlet. 

g: 1 


1 


¥ 

%" 

%** 

%** 1 

%" 

%" i 

I %** 

Siae of Hose. 

%'* 

%** 

%** 

%** 

%** 

SoUd 

%** 

%." 

%** 

Hollow 

%** 

%" 

1 

Solid 

Hollow 

Solid 

Hollow 

Solid 

Hollow 

Hollow 

Solid 

1" Hex. 

1 Solid 

Hollow 

Steels (No Collars required).| 

Weight . 

%** Hex. 

l"Hex. 

%" Hex. 

1" Hex. 

l"Hex. 

1" Hex 

1" Hex. 

1" Hex. 

1" Hex. 

; 1" Hex. 

1" Hex. 

1 l^Crue. 
75 lbs. 

< 79 lbs. 

I 1" Crue 
89 lbs. 

1 

93 lbs. 

1%" Crue. 
7811 m. 

1 83 lbs. 

m" Crue. 

' 93 lbs. 

98 lbs. 

1%" Crue. 
90 lbs. 

100 lbs. 

11%" Crue. 
100 lbs. 

107 lbs. 


Column and Tripod Mountings 

The Company is prepared to furnish both single 
and double screw columns. They carry clamps 
with “Sergeant” saddles, fitting all types of drills 
or Universal column arm and clamps which permits 
a wider range of set-up with more ease. A com¬ 
plete round can usually be drilled with one column 
set-up when the Universal is used. 

To suit special conditions the Company is pre¬ 
pared to furnish extra long columns, and special 
combination of column arms and clamps. 

The Company also offers a complete line of tri¬ 
pods suitable for mounting all types of drills. All 
joints have cone surfaces, securing a powerful 
wedge effect under pressure of the adjusting bolts. 
The legs are telescopic and the weights adjustable. 
Bulletin 9103 covers mountings. 

“Leyner” Rock Drill Steel Sharpeners 

“Leyner” Rock Drill Steel Sharpeners make and 
resharpen perfectly formed and accurately gauged 
bits of all sizes and types. Accurate gauging per¬ 
mits the employment of minimum gauge variation 
between successive steel. This means less rock to 
cut and drilling time saved. 

These sharpeners are sim¬ 
ple, easily operated and the 
work absolutely uniform in 
quality. They shank as well as 
sharpen and insure shanks true 
to shape and size. 

They are built in several 
sizes as follows: 

The No. 50 Sharpener for 
forming and sharpening Carr, 
four and six point, “X,” “Z,” 
"Leyner” No. 50 single and double chisel bits up 
Sharpener to 3%" gauge and all standard 
types and sizes of shanks on cruciform steel up to 
2." diameter and on heavier sections such as round. 


hexagon, octagon, etc., up to 18^" in diameter. It 
can be equipped to form both heads, pins, stan¬ 
chions and in all about 200 different products. 

Its capacity is, resharpening medium size steels 
65-120 per hour. Forming new bits, 25-80 per 
hour. Bulletin 4322. 

The No. 4 Sharpener for making and resharpen¬ 
ing two, four and six point, “X,” “Z,” and single 
and double chisel bits up to 2i/^" in diameter, on 
round, cruciform, hexagon, octagon, quarter octa¬ 
gon and the heavier sections of twist or branded 
steel of diameters not to exceed lVs'\ (For heavier 
work the No. 50 Sharpener is recommended). 

Its capacity is, resharpening minimum size 
steels 50-100 drill bits per hour. Forming new bits, 
20-75 drills per hour. Bulletin 4322. 

The No. 33 Sha^ener for mak¬ 
ing and resharpening four, five or 
six point, “X,” “Z,” and single or 
double chisel bits up to maximum 
of 2" diameter, where the bits are 
of the standard 14 degrees taper. 
For Carr bits and other types of 
bits of a taper other than stand¬ 
ard, the capacity is limited to bity 
not exceeding 1%" finished diam¬ 
eter. These bits can be made on 
round, cruciform and on the light¬ 
er sections of twisted or branded 
steel not exceeding IW' in diameter; on hexagon 
or octagon steel up to 1" diameter; and on square 
steel not exceeding 

This Sharpener may also be employed when 
equipped with the various special shanking devices, 
for making collar shanks on hexagon steel or 
square steel. 

Its capacity is, resharpening %" steel—75 to 
100 drill bits per hour. Forming new bits—50-75 
drills per hour. Bulletin 4322. 
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10 SHOP TOOLS. 


INGERSOLL-RAND COMPANY. 


Weight machine hare 

2680 

1760 

960 

Weight Steel Rest... 

85 lbs. 

36 lbs. 

36 lbs. 

Floor Space Occupied. 

4'x4' 

4'x4' 

42"x42" 

Height Overall. 

63'' 

61" 

48" 


^ 2" round or 

1%" Round 

!%• Cruel- 

Maximum Size Stock 

1 Cruciform. 

or Cruciform. 

form. 

Handled . 

11%" Heavier 

1" Heavier 

1" Heavier 


Section 

Section 

Section 

Maximum Gauge Bit. 
Capacity—Steel per 

8%" 

2%" 

1%" 

Hour . 

60-160 

60-100 

60-100 

Air Pressure Recom¬ 




mended . 

70-100 

70-100 

70-100 

Hose or Piping 




Recommended .... 

1 1%' 

1" 

1" 


j 

f/ ■ 


Oil Furnaces 

“Leyner" Oil Furnaces are built in two sizes, the 
No. 8 being especially adapted to drill steel sharpen¬ 
ing plants employing one sharpener, and is capable 
of heating 1,000 to 1,500 pieces of steel per eight- 
hour shift and the No. 24 which will effectively heat 
1,600 to 2,400 pieces of steel per eight-hour shift 
using only one side of the furnace and both sides 
may be used. 

These furnaces give a clear 

_ uniform heat which is at all 

times under the control of the 
operator and which is suitable 
for welding and tempering 
without special preparation; 
the smoke nuisance is abated 
and the absence of obnoxious 
gases is noted. No foundation 
is required and to put the fur- 
nace in operation it is only 
necessary to connect it to the 
•Leyner” No. 24 2^ and air Supply, for the en- 

oii Furnace tire Unit IS compact and self- 
contained. 

Bulletin 9120 covers the No. 3 and Bulletin 9031 
the No. 24. 


Weight less tank—lbs. 

Floor Space—feet . 

Heating Surface—Inches. 

Capacity Drills per hour. 

Oil Consumption—gals, per hour... 

Weight Oil Tank—lbs.. 

Capacity—gals. 


Pedestal Grinder 

The “Little David” No. 8 Pedestal 
Grinder is a compressed air operated 
machine which is simple, self-con¬ 
tained and its light weight makes it 
entirely portable. It is principally 
used for squaring off and grinding 
true, rock drill steel shanks. It will 
save its cost in a comparatively short 
time by eliminating the drill_ 


No. 3 

No. 24 

630 

1070 

3x4 

3x4 

7%xl0 

6%x24 

150-120 

200-300 

2-4 

2-4 

160 

150 

42 

42 



“Little” 

David" 

Pedestal 

Qrlnder 


Shank and Bit Punch 

The “Leyner” Shank and Bit Punch removes the 
uncertainty of the punching out of drUl steel and 
insures uniformity of the work so that no drill steel 
will leave the shop in imperfect condition. It 
punches out either shanks or bits on all sizes of 
steel and eliminates the costly experience of broken 
off pins in the drill steel hole. 

They are built in the Pedestal Pattern (in which 
case it is a distinct machine) and in the Attached- 
to-Sharpener Pattern (in which case it is an auxil¬ 
iary part of the rock driU steel sharpening machine 
itself). 


LTn:r "IRLP" Shank and Bit Punch 


Weight, Pounds. 

Floor Sptee. Inches. 

Height, Inches. 

Maximum Range of Punching. Inches. 

Air Pretsure Used, Pounds GtOie. 

Hose Recommended, Inches. 


Ped'slal 

Pattern 

Attadied-to- 

Sharpencf 

Pattern 

610 

227 

30x54 


47 


6 

6 

60-100 

60-100 

% 

% 


IngersoU-Rand Swedish DriU Steel 

A fuU line of special IngersoU-Rand Swedish driU 
steel is carried for different types of drills, whether 
of piston or hammer type and quick ddiveries can 
be made on demand. This steel may be had with 
or without shanks or bits and the bits may be of 
any style desired. Steel of the very best quality 
is used as the drilling capacity of a machine de¬ 
pends very largely upon its steels. It is, therefore, 
important that it be tbe best and carefully sharp¬ 
ened and tempered. The very best results may be 
expected from I-R Rock Drill Steel. Bulletin 9025. 

“Little Tugger” Hoists 

The “Little Tugger” Hoists are smaU, compact, 
portable—yet powerful—drum hoists. They can be 

clamped to a column or pipe 
or bolted to a timber in a 
few minutes time. 

As might be supposed, 
they have “a thousand and 
one” uses—hoisting, haul¬ 
ing, skidding, etc., in mines, 
mills, quarries and every 
other industry. 

“Little Tugger” Hoists 
are built in several sizes (to 

•Little Tugger" Holst ^*“0“ 2^2 tO 

H.P. from 60 to 80 pounds 
gauge pressure) and in single and double-drum 
patterns. 

A very important use of the doUble-drum (No. 
6-H) “Little Tugger” is for “slushing” (shoveling 
and loading rock and ore) both underground and on 
the surface. Bulletin 4333. 


shanks. Bulletin 4141. 


Weight—lbs. 

Floor Space—Inches . 

Height—inches . 

Diameter of Wheel—Inches. 

Air Pressure used—lbs. 

Hose Recommended—Inches 
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.No 11-H & 




IVpe . 

No. 1-H & 1-HS 

11-HS 

No. 5-H k 5-HS 

Mk 6-B 

Weight less Cable, lbs. .. 

285 

358 

475 

640 

Width, inches. 

21^ 

31^ 

28% 

29% 

Length, inches. 

16^ 

21% 

18 

37% 

Height, Inches. 

Size of Drum, Rope Space. 

20% 

23 

18 

30% 

HaulaseDnoi I TaO Bops Dram 

Diameter, Inches. 

Size of Drum, b’lwetn . 

6 

7 

8 

t 

11 

Flang'R-I.K*ngth. Inches. 

7 

17 

9 

8% 

SH 

Depth of Flanges, inches. .1 

3 

5 1 

3% 

14% 

16% 

Rope Capacity, feet. I 

Hoisting Capacity at 80 

%-in.—700 

%-in.—300 1 

i 

%-in.—645 

% -In.—200 

%-Ui. — 350 

lbs. Pressure, lbs. 

85 ft. per min. 
1000 

S5 ft. per min. 
600 

100 ft per min. 
1500 

•110 ft. ptf nfai. 
1600 

•140 ft. per Min 
1100 

Horse Power. 

2% 1 

2% 


5te8.6 

Hos' R comm'nded Inches 

% 1 

% 

1% 

1% 


•At 65 Pounds Air Pressure. 
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SULLIVAN MACfflNERY COMPANY. 


AIR DRILLS. 




SULLIVAN MACHINERY COMPANY 

129 South Michigan Ave., CHICAGO, ILL., U.S.A. 


DOMESTIC SALES OFFICES 
Birmingham, Boston, Butte, Claremont, N. H.» 
Cleveland. Dallas, Denver, Duluth, El Paso, 
Huntington, W. Va., Joplin, Knoxville, New York, 
Pittsburgh, St. Louis, Salt Lake, San Francisco, 
Spokane. 



FOREIGN SALES OFFICES 
Algiers, Brussels, Calcutta, Christiania, Durban, 
Natal, Havana, Lima, London, Madrid, Mexico Qity, 
Paris, San Juan, Santiago, Shanghai, Sydney, N.&W., 
Tokyo, Toronto, Tunis, Turin, Vancouver. 


SaUivan Products 

Air Compressors; Air Lift Pumps; Diamond Drills; All-Hammer Drill Sharpeners; Drill Steel Fur¬ 
naces; Forge Hammers; Ironclad Coal Cutters; Rock and Hammer Drills; Quarrying Machinery; Con¬ 
tractors for Diamond Core Drilling; Turbinair Portable Hoists. 


B Sullivan Hammer Drills 
.tors 

all around, one-man drilling 
machines; weight 88 lbs.; 
capacity, holes 6 to 14 feet 
deep. Automatic piston type 
rotation, steel retainer, hole- 
air jet and differential, inde¬ 
valve are features. Seven 
ad two mountings to select 
Bulletin 70-WMC. 

Valveless Stopers are of two 
gv types. "DT-44,’' “Lightweight,” with 
hand rotation, and “DT-421,” “Rotat¬ 
ing” with automatic rotation of steel. 
Rotator «DT-44” Weighs 63 lbs. and is 48 in. 
long, a drill for high stopes. “DT-421” is 
a big powerful drill, weighs 97 lbs. and is 
fitted with air controlled feed brake or re¬ 
tarder. 

The Sullivan Water Attachment, used with 
either type, wets the dust, doesn’t wet the 
runner. Bulletin 70-MMC. 

I Drifters 

J Sullivan water-jet mounted Hammer- 
Drifters, “DX-61” are big, fast, 
\ powerful drills, for tunneling and 
jt heavier mine work. They are valve- 
F less, have a big cylinder, fast rota- 
I tion, best in any ground, hard or soft. 

I Weight, “DX-61,” 164 lbs; 14 ft. 

I holes, 1^4 in. round, hollow steel. 

1 Bulletin 70-SMC. 

% For Quarry Work 

k Sullivan Plug Drills, Sullivan Gad- 

^ders. Tripods, Quariy Bars and Stone 
^ Channeling Machines are 

built in a large variety. 
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Sullivan Rock Drills 

For heavy work in road metal quar- |M 

ries, on high ledges or on q^rry bII 

bars Sullivan ‘^Hyspeed” auxiliary 
valve drills are suggested. For deep 
holes downward or flat toe holes, 
their pulling power, force of blow 
and rugged strength render ^'Hy- w E 

speed” drills very effective. Supplied / 
in air or steam types in sizes from 
2% to 4^ in. with hollow piston mm 
feature, if desired. Bulletin 70-QMC. I 

Sullivan Clay Spaders and Sulli- I 

van Pick Hammers are at your ser- I 

vice, too. Bulletins 70-X and 70-V. / ( 

TTie best drill and the most costly / a# I 

drill steel won’t raise your tonnage ^I 
or lower your costs as they should, if ^ f 

your drill bits are not right. Sullivan Rock Drill 

The Sullivan Sharpener 
embodies all the elements necessary for 
proper care of drill steel. It does its 
work, both upsetting 
and swaging, by gradual 
hammering. It does not 
require injurious tem¬ 
peratures. Class "A” 
weighs 4,000 lbs. Size 
5 x2v4x 6 ft. (high). A 
smaller size, Class 
weighs 1,500 lbs., and 
is suitable for bits up 
to 2% in. gauge. Rec¬ 
ommended for Hammer 
Drill Steel. Bulletin 
72-EMC. 

Drill Sharpener 



Drill Steel Furnaces 
Heat your drill steel 
safely, uniformly, con¬ 
veniently, in the Sulli- 
: van oil or gas fur¬ 
nace; weighs 2500 
lbs., holds 16 to 25 
steels on each side. 
Economical of fuel. 

Bulletin 74-MC. 



All are of modem design 
and are specially adapted 
to varying working con¬ 
ditions. 


Drill Steel Heating: Furnace 

Sullivan Column Hoist 
The Sullivan Turbinair Hoist 
weighs 285 lbs., has a capacity of 
500 ft. 5/16 in. rope, and lifts 
2000 lbs. vertically on 75 lbs. 
air; H. P. 6^. Turbinair motor 
is quiet and efficient, providing 
high torque in starting. Control 
is by friction clutch and hand 
brake. A double drum hoist for 
slushing is also built. 

Bulletin 76-AMC. 
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302 HAMMERS. 


C. C. BRADLEY & SON, INC. 


C. C. BRADLEY & SON, Inc. 

SYRACUSE. NEW YORK 

Bradley Hammers 


Products 

The Bradley Cushioned Helve Hammer. 

The Bradley Upright Strap Hammer. 

The Bradley Upright Helve Hammer. 

The Bradley Compact Hammer. 

Equipped for either belt or motor drive. 
Forges for Hard Coal or Coke. 

The Bradley Hammer has been manufactured 
since 1872, and many of the first hammers made are 
still in active service. 



Compact Hammer With Motor Drive 


The Bradley Compact Hammer requires less 
floor space than our other types, runs at higher 
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speed and has fewer parts, all of which are in plain 
view of the operator. There is not a steel spring, 
or a frail, delicate part about the hammer. 

Mine Work That Can Be Done 

The Bradley Hammer is practically a complete 
forge shop in itself. It is only a question of sup¬ 
plying the necessary dies and any tools requir^ 
about the mine can be made. 

With a Bradley Hammer the mine shop can 
forge all your wrenches; draw bars; brake rods; 
clevises; coupling pins and links; bumpers; miners’ 
picks; mining machine bits; hooks; chisels, and, in 
fact, every style or shape of forging required in the 
operation and maintenance of the mine equipment. 

The Bradley Hammer has its anvil and block 
separate and distinct from the main form, and is 
so formed and connected to the form that it may 
be quickly and accurately adjusted or shifted to 
bring the dies in perfect alignment. 

Anvil blocks and anvils are regularly made of 
a special mixture of cast iron, but in special cases, 
cast steel can be used. 

The Bradley Hammer is provided with a slip 
sleeve or grip, by which the opening between the 
dies may be regulated to admit large or small work. 

The motion is imparted to the hammer by 
means of a foot treadle operating an idle pulley 
against the down moving side of a constant run¬ 
ning loose belt. A slight pressure on the treadle 
will at once start the hammer, and vaiying this 
pressure regulates the force and rapidity of the 
blows. The treadle extends around the side and 
front of the hammer, so that the operator may 
stand on either side or in front. 

When the hammer is at rest, the dies are 
always open. 

Sizes 

Bradley Hammers are made in sizes of 15, 30, 
60, 76, 100,126,160, 200, 300 and 600 lbs., for iron 
ranging in size from % inch to 6 inches. Weights 
range from 800 lbs. to 13,200 lbs., according to the 
size of the hammer. 

One Bradley Hammer has been in operation 12 
years making picks, with a chisel and a pick end. 
The average output, per nine-hour day, for one 
hammer man and one helper, is 400 picks, or 800 
ends. 

Engineering Service 

Let us know what you want to do, giving sizes 
and kind of materials used. This will enable us to 
suggest the type and size' of Bradley Hammer best 
suited to your work. 

Write for Bulletins and Prices. 
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THE B. F. GOODRICH RUBBER CO. 


AIR HOSE. 


THE B. F. GOODRICH RUBBER CO. 


AKRON. OHIO 


Branches 
Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Chicago, m. 
Dallas, Texas 
Denver, Colo. 



TRADC MARK 


Branches 
Detroit, Mich. 
Kansas City, Mo. 
Los Angeles, Cal. 
New York, N. Y. 
Philadelphia, Pa. 
San Francisco, Cal 
Seattle, Wash. 


THE INTERNATIONAL B. F. GOODRICH CORP. 
London Capetown Singapore 


Air Drill Hose 


Mechanical Rubber Goods of Every Description 

For Transmission Belts, see pages 206 and 207; for Conveyor and Elevator Belts, see pages 662 to 
666; for Steam Hose and Packing, see pages 190 and 191; for Fire Protection and Water Hose and 
Couplings, see pages 794 and 795. 


Air DriU Hose 

Air Drill Hose presents problems that are often 
very difficult of solution. In choosing hose for your 
conditions these problems should be kept con¬ 
stantly in mind, and the ability of the hose you 
buy to meet them carefully analyzed. 

The first, and often most serious problem, is 
the compounding of the tube to resist the injurious 
action of oil which may work past the compressor, 
or which may be injected into the air line to 
lubricate the drill. 

The second is that of making the hose strong 
enough to stand the pressures common in this serv¬ 
ice, without impairing its flexibility and lightness 
of weight. 

The third is the designing-of a hose that shall 
be as nearly kink-proof as possible. 

The fourth is the protection of the hose from 
severe external abrasion, caused by dragging it 
over sharp loose rock, etc. In addition it must in 
many cases, resist the impact of rocks which fall 
upon it, often from a considerable height. Wire 
winding, while generally efficient against abrasion, 
is worse than useless against this impact, as it is 
easily bent out of shape, and can never be bent 
back to as perfect a condition. This bending gen¬ 
erally causes constriction of the hose, and loss of 
pressure. 

Goodrich Brand 

Gk)odrich Air Drill Hose has been desired with 
these problems in mind, and has, we believe, suc¬ 
cessfully solved them. Its record in many a mine 
and quarry is proof of that fact. It has the oil 
resisting tube so necessary in this type of hose, 
a strong, flexible seamless fabric that will not kink 
and will resist the highest pressures, and a cover 
so tough and heavy that abrasion and falling rocks 
can make no impression on it. Its first cost is 
higher, but like all quality products its final cost 


is far below that of standard constructions, and 
the satisfaction and freedom from trouble gained 



by its use makes it the final choice of those who 
appreciate the best. 

Wire winding s unnecessary with GOOODRICH 
Brand, and should not be specified. 

Quarry Brand 

For those who prefer the standard wrapped 
duck type of hose Quarry is our recommendation. 
It has an oil resisting tube, sufficient plies of stout 
fabric to resist any working pressure, and as an 
additional protection against abrasion, a ply of 
heavy duck laid over the rubber cover. Fur¬ 
nished wire wound when desired. 
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NEW YORK BELTING & PACKING CO. 


AIR HOSE. 


NEW YORK BELTING & PACKING CO. 


New York.91-93 Chambers St. 

Boston...65 Pearl St. 

Chicago.124-126 West Lake St. 

Philadelphia.821-823 Arch St. 

Pittsburgh.420 First Ave. 



Denver. 

St. Louis. 

San Francisco. 
Salt Lake City 
El Paso. 


1635 Seventeenth St. 
218-220 Chestnut St. 

.519 Mission St. 

.313 Pelt Bldg. 

.Martin Bldg. 


Indestructible Air Drill Hose 


For Other Products See Page 667 


Indestructible Air Drill Hose is built to stand the 
rough usage of mining work. Years o f service 
under the most severe conditions have proved this 
hose to be the most reliable for all drilling opera¬ 
tions. 

Points of Superiority 

1. Stands the highest pressure. The strength of 
Indestructible Hose is more than sufficient to hold 


4. The comparatively light weight of Indestruct¬ 
ible Hose means ease in handling. The flexibility 
and non-kink features are readily appreciated when 
working in close quarters. 

Structural Features 

The illustration below shows how Indestructible 
Hose is designed. Here is construction you can 



any normal working pressure with a wide margin 
of safety. 

2. Resistance to external injury is a marked 
feature of Indestructible Hose. The thick rubber 
cover made of a tough, resilient stock is not easily 
damaged by dragging the hose over rough places 
or around sharp comers. In the majority of 
cases wire winding or other protection is unneces¬ 
sary. 

3. The mbber tube is compounded to withstand 
the effects of oil, which gets into your air lines. 
The tube can be depended upon to retain its ad¬ 
hesion to the fabric. 


see is g'ood. The combination of wrapped duck 
and braided jacket gives the necessary strength 
and flexibility. Rubber stocks of the highest quality 
are used throughout. 

When ordering, specify diameter of hose and work¬ 
ing pressure for which hose is desired. 

Hose for Other Uses 

We make Hose for all classes of service, such as 
steam, water, etc., built on the same principle as 
Indestructible Air DriU Hose. 



Indestructible Air Drill Hose In Mining Operation. 

Section vi mining catalog 
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UNITED STATES RUBBER CO. AIR HOSE. 

UNITED STATES RUBBER COMPANY 

1790 Broadway, NEW YORK 

Branches in Every Industrial Center 

PACKINGS AND HOSE 




Products 

Packing—Sheet, Spiral, Canvas and Flax; Pump 
Valves; Hose—Air, Drill, Steam and Fire, Water 
and Oxy-acetylene. 

There is a tested type of United States Packing 
to meet practically every mechanical need. Our 
engineers are at your service to aid you in deter¬ 
mining the most suitable style or brand to meet 
each of your requirements. 

**U. S.” Rainbow Sheet Packing 

The original red sheet—^for packing flanges or 
joints against steam, air, hot or cold waten. Recom¬ 
mended for all saturated steam pressures up to 150 
pounds, all hydraulic conditions, and high pressure, 
hot and cold water flange joints, cylinder heads, etc. 

“U. S.” Vanda Compressed Asbestos Fibre Sheet 
Packing 

For packing flanges or joints against super¬ 
heated or saturated steam, air, acids, oils, or 
alkaline conditions, etc. 

‘TJ. S.” High Pressure Diagmial Packing i 

For packing rods and outside packed plungers 
against steam, air, hot and cold water. Especially 
adapted for high duty mine pumps, hoisting en¬ 
gines, etc. 

‘TJ. S.” Rain-Besto High Pressure Spiral Packing 
For packing rods against high pressure steam 
and air. Recommended for all high pressure steam 
conditions on rods and valve stems of all types of 
engines, air compressors, steam turbines, pumps, 
and air end of high pressure air compressors. Will 
also be found a very desirable packing for steam 
expansion joints.- 

**U. S.” Peerless Cross Expansion Packing 

For packing rods or plungers against medium 
pressure steam, hot or cold water. A very de¬ 
sirable type of packing for worn rods or plungers 
and those running out of alignment. 

“U. S.” Peerless Special Canvas Pump Packing 
For packing the pistons of inside packed pumps 
against hot or cold water. 

.“U. S” Peerless Brand Flax Packing 

For packing rods and plungers of outside packed 
pumps against hydraulic pressure. 

Usco Rubber Pump Valves 

Made in a variety of compounds, each adapited 
for a particular condition. 


We have selected and described on this page the 
types of hose in greatest demand by the mining in¬ 
dustry. We manufacture, however, a full line of 
hose for every purpose including oxygen and acety¬ 
lene hose, suction hose and water hose. Our entire 
line is described and illustrated in our catalogue 
which we will be glad to mail upon request. 

“U. S.” 48-10 Air Hose 

The fabric in our "U. S.” 48-10 Pneumatic. Tool 
Hose is of “herring-bone” construction, designed to 
produce the greatest possible flexibility along with 
the necessary strength to withstand high pressure. 

The inner tube, made of special quality rubber, 
is almost twice as thick as the inner tube of the 
average air hose, and shows exceptional resistance 
to oil. 

The outside cover of “U. S.” 48-10 is made of an 
extra thick high grade material calculated to with¬ 
stand continual abrasion. The high resisting prop¬ 
erties of this cover make it unnecessary to use wire 
wrapping, thus eliminating the disadvantage of 
heavy non-flexible wire wound hose. 

“U. S.” Leyner DriM Hose 

Our “U. S.” Leyner Drill Hose, for conducting 
water to a Leyner Mining Drill is meeting with the 
same success as our 48-10 Air Hose. Made any 
size, but double cord is most used. 

“U. S.” Steam Hose 

To resist high pressure combined with high 
temperatures and rough handling, all possible ex¬ 
perience and manufacturing knowledge are drawn 
upon to the utmost in the construction of our 
various brands of Steam Hose. We can serve our 
customers best if we are given full and complete 
information as to the exact operating conditions, 
so that we can recommend the proper type and ply 
of steam hose to use. 

Very frequently steam hose is ruined by im¬ 
proper coupling. To reduce this risk to the mini¬ 
mum we recommend the use of our Samson High 
Pressure Couplings. 

“U. S.” Fire Hose 

For fire prevention in the mines there is no bet¬ 
ter hose than the complete line that we manufac¬ 
ture including the famous “U. S.” Mastiff and 
“U. S.” Matchless brands which have been used for 
Industrial Fire Prevention for years. 

A wide range of choice is possible as regards 
price and quality. “U. S.” Fire Hose is made in 
Linen, Cotton Rubber Lined and Rubber Covered 
and will be found durable and economical. 
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HOSE COUPLINGS AND VALVES, 


DIXON VALVE & COUPLING CO. 


DIXON VALVE & COUPLING CO. 

Eighth and Locust Streets, PHILADELPHIA, U. S. A. 

NEW YORK PITTSBURGH 


Manufacturers of 

and ‘^Dixon^^ Couplings^ Valves and Special Hose 
Fittings For All Makes of Drills 


**Boss” Couplings 

For Rock Drills using either steam or air, the 
“BOSS” is especially popular because of its big 
safety factor in all respects and its ruggedness. 

The “BOSS” is massive in 
design; it has fine common 
sense features of construc¬ 
tion. In machining and fin¬ 
ish it shows the work of 
craftsipen—every coupling a 
clean, accurate expert prod¬ 
uct. 


end of the stem. If the hose happens to be shai^ly 
bent at the coupling, instead of being held rigidly 
in place at the stem end, the recessing provides a 
certain freedom of movement so that the tube is 
not cut or broken through. 


Sectional View 


The sectional view shows 
a “BOSS” cou^ng attached 
to hose. The end of the clamp stops within 
a quarter of an inch or so from the end of 
the stem. When the bolts of the clamp are tight¬ 
ened there is no possibility that the end of the 
clamp can effect a shearing action on the tube of 
the hose. We further safeguard against such 
trouble by recessing the end of the clamp. This 
clamp cannot pinch the tube between itself and the 



Patented December 11th, 1917 


“BOSS” Valves 


Special Drill Couplings 

We solicit your inquiries 
for special couplings and 
parts. The knowledge we 
have gained in making these 
couplings for our customers, 
from steel castings and steel 
bar, leads us to believe that 
we can serve you acceptably. 


A very efficient throttle valve. It is mechan¬ 
ically correct and will withstand the roughest kind 
of service. It is made from drop forgings by 
highly skilled workmen. Though extremely sen¬ 
sitive, the “BOSS” will not open or close due to 
vibration of the drill. 


PARTS AND SIZES OF “BOSS” AND “DIXON” COUPUNGS AND VALVES 



"BOSS” COUPLINGS—Sizes to 8"—(Parts 1-2-3-4) 

Part 1, Spud Part 3, Stem 

Part 2, Nut Part 4, Clamp 

“BOSS" MALE COUPLING—Sizes to 2''—(Parts 6-4) 

Part 6, Stem Part 4, Clamp 

“BOSS" JACKHAMMER COUPLIN(3—Sizes H" and 
(Parts 6-7-8-4) 

Part 6, Spud Part 8, Stem 

Part 7, Nut * Part 4, Clamp 

"BOSS" LEYNER COUPLING—Sizes and 

(Parts 9-10-11-4) 

Part 9, Spud Part 11, Stem 

Part 10, Nut Part 4, Clamp 

"BOSS” MENDER—Sizes to S''—(Parts 12-4) 

Part 12, Stem Part 4, Clamps (2) 

WATER TANK CONNECTION—Size 
(Parts 13-14-15-20) 

Part 13, Hose Coupling Nut Part 15, Steel Nipple 

Part 14, Bent Hose Stem Part 20, Clamp 

“BOSS" THROTTLE VALVES—Sizes and 1"— 

(Part 16) 

"DIXON" LEYNER DRILL COUPLING—Size 1"— 
(Parts 17-18-19-20) 

Part 17, Spud Part 19, Stem 

Part 18, Nut Part 20, Clamp 

"DIXON" LEYNER DRILL COUPLING—Sizes and 

(Parts 21-22-23-20) 

Part 21, Spud Part 23, Stem 

Part 22. Nut Part 20, Clamp 

"DIXON" JACKHAMMER COUPLING—Sizes and 

(Parts 24-26-26-20) 

Part 24, Spud I. P. Female Part 26, Stem 
Part 25, Nut Part 27, Spud I. P. Male 

WATER HOSE CONNECTION—(Parts 28-29-15-20) 
Part 28. Nut Part 15, Steel Nipple 

Part 29, Bent Hose Stem Part 20, Clamp 

"DIXON" HOSE MENDER—(Parts 30-20) 

Part 30, Stem Part 20, Clamps (2) 

"BOSS" JACKHAMMER THROTTLE VALVES—Sizes 
and (Part 31) 
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KNOX MANUFACTURING CO., INC. 


HOSE COUPLINGS AND VALVES. 


KNOX MANUFACTURING CO. 

INCORPORATED 

811-821 Cherry Street, PHILADELPHIA, PA. 

High Pressure Couplings, Throttle Valves and Oilers, Hose Clamps 


Products 


Malleable Hose Clamps 


High Pressure Couplings; Throttle Valves and 
Oilers; Hose Clamps; Malleable Nipples. 


Knox Hose Couplings 

The Knox Coupling is especially adapted for 
steam and air drill service and is made to withstand 
severe usage. 

It is constructed on the best mechanical prin- 
ples; the clamp exerts an equal pressure its entire 
circumference and extends over collar on the stem, 
thereby insuring safety under all pressures. 

The length of the clamp distributes the bend of 
the hose and prevents it from breaking sharply 
over end of stem. 



These clamps are exceptionally strong and pli¬ 
able; they will not stretch under tension, neither 
will the tongue curl up; they are therefore superior 
to brass clamps, and also cheaper. 



Single Bolt Double Bolt 


“Knox” Throttle Valves 

This valve is built for high-pressure service, the 
body being constructed of malleable iron and 
strongly reinforced where the strain is greatest as 
shown in the illustration. 


Coupling Complete 



Sectional View 


List price each, complete with spuds 


% 

inch... 

...11.26 

1 

inch.. 

. .$2.00 

2 

inch.. 

..$ 5.00 

% 

inch... 

... 1.70 

1% 

inch.. 

.. 3.00 

2^ 

inch.. 

.. 8.76 

% 

inch... 

... 2.00 

IH 

inch.., 

... 3.60 

3 

inch.. 

.. 11.26 


Spuds connecting with pipe or drills are stand¬ 
ard iron pipe thread. 

Five-eighth inch regularly furnished with spud, 
or % inch thread. At a small additional cost, 
coupling can be furnished with spuds of following 
sizes: 

% inch with 1 or 1% inch thread 
1 inch with inch thread 
1% inch with 1% inch thread 


We furnish with couplings, without additional 
charge, the following special sizes of clamps to ac¬ 
commodate hose with exceptionally heavy wall or 
with cotton woven cover. 

% inch with % inch clamps 

% inch with % inch clamps 

% inch with % inch clamps 

1 inch with 1% inch clamps 

2 inch with 2% inch clamps 


The “Knox” Valve has no weak points, auto¬ 
matically adjusts itself to wear, always works free 
and easy and will not close or jar open by vibration. 



The Female Thread 
is shown in the illus¬ 
tration. The construc¬ 
tion is exactly the 
same as the Male 
Thread, except that 
the ends are female. 


Male Thread 


The Female is 
used by insert¬ 
ing iron pipe 
nipples, which 
receive all the 
jar and vibra- 
ti8n, and which, 
in the event of 
breakage, can be 
readily removed and replaced without injury to 
valve. 


Female Thread 


Iklst Eacli, MaU Typs 

H inch .$ 

% inch . 

1 inch . 


2.50 

3.75 

4.40 


Elst Bach, Female Type 

% inch .$8.76 

1 inch . 4.40 
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gQg SHOVELING MACHINES. THE C0LE-60UDIE SHOVEL CO. 

THE COLE-GOUDIE SHOVEL CO. 

IRONWOOD, MICH. 

'Pneumatic Shovcls^^ 




General Descriptimi 

The Cole-Goudie Shovel is a small, one man pneumatic shovel designed primarily for use in under¬ 
ground operation, where head room and turning space are necessarily limited. However this does not 

detract from its adaptabil¬ 
ity for use in general 
quarrying work for which 
its low cost, flexibility and 
minimum upkeep make it 
extremely desirable. 

It is of simple, rugged 
construction, consisting of 
two air cylinders attached 
to a rigid dipper arm and 
pivoted between two steel 
plates which are supported 
on a revolving base. The 
piston rods of the two cylin¬ 
ders actuate the dipper arm 
and dipper and are so ar¬ 
ranged that either can be 
used as a fulcrum, in the 
event that blocky ground is 
encountered, and an effect¬ 
ive prying motion obtained 
which serves to shake up 
and loosen the hardest pile. 
The two piston rods are 
separately controlled, each 
by its own lever, and valve 
which admits air to either end of the cylinder as desired and the utmost flexibility is thereby obtained. 

The swinging engine is a small, square piston engine geared to the revolving gear in the base, which 
turns on two rows of ball bearings. 

The shovel is easy to operate, requiring only one man, who needs no special mechanical skill, as the 
average miner can run it after a half day’s practice. 

Durability 

Among the outstanding 
features of the Cole-Goudie 
Shovel is its freedom from 
breakdowns. The number 
of parts is small, there are 
no chains or cables, no com¬ 
plicated lubricating system 
and the only gears are those 
operated by the swinging 
engine, which are in the 
base, entirely protected 
from grit and dirt, and not 
subject to the shock and 
strain of digging opera¬ 
tions. The air cylinders 
themselves are automatic¬ 
ally air - cushioned and 
thereby protected from se¬ 
vere shocks and jars. Air 
hose may blow out but any 
minor repairs of this na¬ 
ture may readily be made in 
the working place without 
removing the machine to 
the shop. 

Portability 

The larger of the two models weighs approximately two and one-half tons and the smaller less 
than two tons. They can easily be moved by hand for short distances or coupled to motor train for 
transfer to other working places. Owing to their design they can travel through low and narrow drifts, 
clearing chutes, raises, etc., without difficulty. 




Getting a Dipper Full 






L Ki I 
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THE COLE-GOUDIE SHOVEL CO. 


SHOVELING MACHINES. ^^9 



Performance 

The Cole-Goudie Shovel will handle with ease any broken material, rock or ore, no matter how 
“blocky” it may be, and on any kind of a floor, smooth or rough. 

Our No. 3 Model will load approximately a ton of material per minute of actual loading time, while 

the No. 4 Model will load a 
little over half that amount. 


Loaded 


The rate of loading 
throughout the shift will, 
of course, depend on the 
rapidity with which cars 
are switched, although in 
general the cars can be 
spotted so that the shovel 
is not idle more than one- 
half the total time. A sam¬ 
ple of the performance of 
our smaller shovel is taken 
from a log of daily opera¬ 
tion and shows a total ton¬ 
nage loaded of 39 tons in 2 
hours and 35 minutes of 
elapsed time, or 1 hour and 
5 minutes of actual loading 
time. In this instance the 
crew consisted of two men, 
one miner running the 
shovel and the other 
switching cars and tram¬ 
ming to the shaft. 


SFBOmOATIOmi 



Model 3 

Model 4 

Weight . 

6050 lbs. 

1 3700 lbs. 

Track Gauge . 

To Suit Conditions 

Length ... 

7 ft. 3 in. 

6 ft. 

Width . 

3 ft. 6 in. 

3 ft. 

Height. 

5 ft. 

4 ft. 6 in. 

Top Cylinder . 

10%''x37'' 

9"x32" 

Bottom Cylinder . 

12''x 42" 

10"x 36" 

Reach from center of track. 

7 ft. 

6 ft. 

Capacity of Dipper. 

5 cu. ft. 

3 cu. ft. 

Wheel Base . 

36" 

30" 

Air Pressure . . 

80-100 lbs. 

80-100 lbs. 

Size of Drift. 

8 X 10 ft. 

6 X 8 ft. 


Air CcMisumption 

The amount of air re¬ 
quired by the No. 3 Model 
is approximately 225 feet 
of free air per minute at 
90 pounds pressure, the 
No. 4 Model requiring ap¬ 
proximately 175 feet. This 
will, of course, depend on 
the character of the mate¬ 
rial encountered but is kept 
to the minimum on account 
of the fact that advantage 
is taken of the expansion 
of air in the cylinders. 


Any further informa¬ 
tion desired will be gladly 
furnished by the company. 
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SHOVELING MACHINES. 


LAKE SUPERIOR LOADER CO. 


LAKE SUPERIOR LOADER CO. 

PROVIDENCE BUILDING, DULUTH. MINN. 





Operation 

The movements of Shuveloder, Model No. 
11 , are controlled by three hand levers, and 
one hand crank for swinging across the drift 
—^all located on one side of the machine. 


Operating Crew 

One operator is required, the number of 
additional men being determined by the dis¬ 
tance and size of cars to be tramm^. 


makes it possible to clean out a heading twice in a 
shift, thus doubling the output of the ordinary drift, 
meaning less men required than hand shoveling, 
and reducing the cost per ton and increasing spe^ 
of advance. 

Specifications 

Minimum size drift 6 ft. wide by 7 ft. high. 
Dimensions 6 ft. x 4 ft. x 4 ft., weight 4700 lbs. 
Minimum head room above rail 6 ft. 10 in. Air con¬ 
sumption 150-175 cubic feet. Dipper width 30 in. 
Dipper capacity 4.45 cubic feet. Loading capacity 


Advantages 

Shuveloder is compact and can be trans¬ 
ferred without being taken apart to any place 
in the average mine. Will work in small tun¬ 
nels or drifts. No changes required in the 
mine except the addition of short sections of 
“move up”track. Operation simple and any 
ordinary workman can soon learn to run the 
machine. The capacity of the Shuveloder 


Shuvelodin^? IRON Ore. 

45 tons per hour. Speed 6 passes per minute. 
Air pressure 70 to 110 lbs. Trucks built for any 
track gauge. 


Model No. 11 "Shuveloder” 


Operating Records 

Standard Oil Compapy, Coal Mine, Carlin- 
ville, Illinois—^256 tons 8 hours. 

Southern California Edison Company, Big 
Creek, California—^9 ft. x 7 ft. tunnel—Average 
14 tons per hour total time. 

Old Ben Coal Corporation, West Frankfort, 
Illinois—Loading fire clay without blasting, 16 
cars in eight hours. By hand shovelers—3 men 
—three cars in eight hours. 

Steel and Tube Company of America, Anvil 
Mine, Bessemer, Michigan—^27 tons per hour 
actual loading time—9.4 tons per hour total 
time (depending on car service). 

San Joaquin Light & Power Corporation, 
Edison, California — 32 tons per hour actual 
loading time—17 tons per hour total time 
(speed affected by car service). 

McKinney Steel Company, Ironton Mine, 
Bessemer, Michigan—33 tons per hour actual 
time—12 tons per hour total time (car service). 


The Machine 

Its name tells the whole story. It is a mechani¬ 
cal shovel which loads by shoveling. It digs, lifts 
and loads just as a man handles a shovel. 


Field of Application 

Underground—mucking in drifts, stopes and 
tunnels wherever broken rock or ore is to be loaded 
into cars. 


General Description 

The Shuveloder is operated by compressed air, 
has no engine nor gears. Power is applied through 
direct thrust air cylinders. No small mov¬ 
ing parts to get out of order. Shuveloder is 
moved by hand. No complicated parts. 
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LAKE SUPERIOR LOADER CO. 


SHOVELING MACHINES, j 


Vindicator Cons. Gold Mining Company, Crip¬ 
ple Creek District—By hand shoveling, advance 5 
ft. X 7 ft. tunnel 8 ft. 6 in. every 24 hours—By 
Shuveloding, advance 6 ft. x 7 ft. tunnel 18 ft. 
every 24 hours. 

The above statements are taken from the aver¬ 
age accomplished by the Shuveloder in various 


properties. The efficiency of the machine and work 
accomplished depends a great deal upon manner of 
switching cars and much can be accomplished by 
giving thought to this detail. With proper thought 
and care the Shuveloder will pay you good divi¬ 
dends. 


ARTILLERY STEEL CASTINGS 



TMts of Stool CMtInffo 

Shows (Fig. 1) drill cuttings and planer shavings from No. 3 Artillery Steel, (Fig. 2) Ix^ inch cast bar 
twisted 360 degrees without showing a crack, and (Fig. 3) same sl*e cast bar bent 140 to 170 degrees with¬ 
out fracture. The wonderful ductility of this metal is remarkable. It would require an exceptional grade 
of forged steel to stand such tests. 


The following comparative tests are interesting: 

Elastic Limit 
Lbs. per sq. in. 


Ordinary Cast Steel. 36,000 

No. 3 Artillery Steel. 45,000 


Tensile Strength 
Lbs. per sq. in. 


66,000 

86,000 


1 


Artillery Steel Castings that bend like forgings 
are the new materials in the Shuveloder. 

They have replaced ordinary castings of steel 
and gray iron. 

In spite of the extreme severity of underground 
service there has not been a failure of a single cast 
part on any Shuveloder built during the past year. 
This betterment of our war-time record is due to a 
complete and radical change in materials. War 
conditions and metals were not of the best. But 
war’s necessities developed the No. 3 Artillery Steel 
which has proven the biggest step in making the 
Shuveloder a complete success. It stands every 
test. 


Starting twelve months ago all Shuveloders sold 
were built of Artillery Steel, and all cast iron parts 
changed to semi-steel. The Shuveloder has plenty 
of capacity. These new materials give it shock 
and wear resisting ruggedness. 

Artillery Steel was developed for gun carriages 
for our army and the French “75s”. It combines 
unusual strength with great ductility and high elas¬ 
tic limit. In war service it had to stand tremendous 
shocks. Isn’t that the ideal material for a shovel? 

The Shuveloder is now made in the plant of the 
Nordberg Manufacturing Co. at Milwaukee, which 
is a guarantee of careful workmanship and fine se¬ 
lection of materials. It will stand up under your 
hardest conditions. Day after day, month after 
month it is right on the job. 
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212 SHOVELING MACHINES. HOAR SHOVEL AGENCY, INC. 

HOAR SHOVEL AGENCY, Inc. 

VIRGINIA. MINN., U. S. A. 

The Hoar Underground Shovel 


Applications 

Hoar Underground Shovels are in use and giving 
satisfactory service in the Black Hills District of 
South Dakota, in the zinc and lead mines of Wis¬ 
consin, on the Mesabi Iron Range of Minnesota, the 
Menominee, Marquette and Gogebic Ranges in 
Michigan and Wisconsin, Nevada and Norway, 
Pacific Goast and Brazil and Japan, as well as in 
other places under varying conditions. They are 
also at work on stock and waste piles. 

General Description 

The machine is 
mt>\mted on a truck, 
which in turn is 
mounted on 8" wheels 
in front and 12" 
wheels at the rear to 
give clearance over a 
high car. The body of 
the machine may be 
swung in either direc¬ 
tion through a com¬ 
plete circle on double 
ball bearings by a 
reversible air motor. 

A second reversible 
engine, through a 
self - locking worm 
gear, drives the table, 
in which the dipper 
stick is mounted, for¬ 
ward and backward, 
giving direct thrust 
into the breast, as well 
as the extension need¬ 
ed for dumping and 
trimming beyond the 
center of the car. 

The control of the 
engines, and through 
them of the whole ma¬ 
chine, is centered in 
three levers in front 
of the operator’s seat. 

Operator’s seat and 
levers are easily 
removable for pas¬ 
sage of the shovel through a narrow opening. By removing 
two bolts the dipper and dipper stick can be removed and a 
few minutes more will take off the table. The No. 2 machine, 
thus stripped, will go through a passage 42"x42". 

Method of Operation 

The machine is a one-man outfit. It can easily be lower¬ 
ed into the mine. It will dig and move around a corner or 
curve, and up or down hill equally well. The maximum 
air consumption for the No. 2 machine is 300 cubic feet of 
free air a minute. 

This size machine will handle chunks 22"x20" in section 
and 18" deep, or if desired, a dipper somewhat shallower 
and of larger cross section can be provided for handling 
chunky ore. 

As ordinarily built, the No. 2 machine will clear up a 
circle 15 feet in diameter without moving. 

In operation, the shovel is run up to the breast by mine 
locomotive, or by hand, and clamped to a working section of 
rail. The machine has power enough to pull up a three-ton 
car over a dirt covered rail. 

The dipper can be dumped anywhere within its reach and 
the shovel does its own trimming entirely. No hand work 
is necessary for cleaning up after the Hoar Shovel. 

Construction Details 

The machine consists of four principal parts: the truck, 
the body, the table, the dipper and dipper sticks. 
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The truck is a substantial steel frame; the body is a 
structural steel frame to which is rigidly fastened the power 
unit; the table is a cast steel frame mounted on hardened 
steel rollers and carrying the bearings for the double dipper 
stick; the dipper mechanism consists of two arms pivoted 
together to allow the dipper a range of flexibility in work¬ 
ing the bottom. 

The Hoisting Chain is 7/16" steel, tested to a 4-ton 
working load. 

Dipper Stick and Dipper Arms are adjustable as to 
height and length to suit conditions of the work. The dip¬ 


per can be equipped with steam shovel teeth for coarse, 
rocky material, or saw teeth cutting lip for finer, looser 
material. 

SPSCirZCATZONB BEOTSXi VO. 2 

Swingrinff Engine .5 h. p. 

Lifting Engine .7 h. p. 

Crowding Engine .7 h. p. 

Dipper.... 22'" wide, 20" deep, 26" high, 4.1 cu. ft., also 6 cu. ft. 

Operating Space.7 ft. wide, 6 ft. high 

Overall Length .6 ft., 7 In. 

Width .3 ft,, 6 In. 

Height .6 ft., 6 In. 

Width, seat and levers removed.42 In. 

Height, bucket removed.4 ft., 4 In. 

Clean-Up Radius .T'G" to 7'8* 

Weight .6000 lbs. 

Hoisting Chain.7/16" steel 

Air Pressure .80 lbs. 

Air Consumption.300 cu. ft. per min., Std. Conditions 

Air Connection .1% in. 

Track Gauge .According to order 

Wheel Base .37 In. 


Special Engineering Service 

We will be glad to furnish further particulars or per¬ 
formance figures and estimates on operating costs and sav¬ 
ings under your own special conditions. Our Engineering 
Force is at your service to study your particular problems 
on the ground and niake recommendations for the most eco¬ 
nomical production of your workings. 
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MYERS-WHALEY COMPANY. 


SHOVELING MACHINES. 


MYERS-WHALEY COMPANY 

KNOXVILLE, TENN., U. S. A. 

Mycrs-Whalcy Shoveling Machines 

The Capacity Loader for Underground Work—Over 100 in Use 


Products 

The modem plant of the Myers-Whaley Com¬ 
pany is devoted exclusively to the manufacture of 
Myers-Whaley Shoveling Machines. 

Fourteen years of development and experience 
account for the reliability and consistent perform¬ 
ance of these machines. 


Application 

M-W Machines are used with great economy and 
satisfaction in loading coal, iron ore, lead ore, copper 
ore, rock salt, gs^psum, limestone, shale, etc., and are 
standard in the Jongest tunnel work in America for 
mucking hardest rock as well as softer material— 
Machines are applicable to any underground loading. 



The Standard Myers-Whaley Shovel 


Spedfications—^No. 4 Size 

Weight—About 18,500 lbs. in working order. 
Track Gauge—To suit mine tracks. 

Length—About 25 ft. over all. 

Width—5 ft. 4% in. over all. 

Height—5 ft. 4 in. from rail, minim. 

Wheel Base—42 inches. 

Reach—10 ft. to each side from center of track 
Shovel—34 inches wide. 

Motor—20 H. P., 250 ft. cable on reel. 

Capacity—1 ton per min. in rock. 

Will Handle—1,000-lb. lumps. 

Shipping Weight—^About 22,000 lbs. boxed. 

Full Crew—1 Operator, 1 Car Coupler, 1 Helper. 
Capacity—^200 to 300 tons per shift. 


Specifications—No. 3 Size 

Weight—About 13,000 lbs. in working order. 
Track Gauge—^To suit mine tracks. 

Length^—About 23 ft. over all. 

Width—4 ft. 3 in. over all. 

Height—4 ft. 3 in. from rail, minim. 

Wheel Base—35 inches. 

Reach—8 ft. to each side from center of track. 
Shovel—33 inches wide. 

Motor—15 H. P., 250 ft. cable on red. 

Capacity—1,600 lbs. per min. approx. 

Will Handle—800-lb. lumps. 

Shipping Weight—About 17,000 lbs. boxed. 

Full Crew—1 Operator, 1 Car Coupler, 1 Helper. 
Capacity—150 to 250 tons per shift. 



Knocked Down—Three Sections 


General Features 

1. Equipped for Electric or Compressed Air 

Drive. 

2 . Operated by one man. 

3. Self-propelling; no jacks or clamps. 

4. Works on smooth or rough bottom — will 

spade into coarse rock, making its own 
bottom. 

5. Very flexible, easily and quickly moved from 

one place to another. 

6 . Shovel swings over area 18 to 20 ft. wide— 

Conveyor discharges to rear or on parallel 
track. 

7. Construction is standardized, parts inter¬ 

changeable. 


Catalogs, Treatises on Use of Machines, and other information will be sent on request. 
Please mention your conditions when writing. 
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Haulage 
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FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


THE FOLLOWING MANUFACTURERS and DEALERS 
^ ARE REPRESENTED IN THIS SECTION^ 


Aldon Company, The 
American Car ^ Foundry Co. 
American Frog ^ Switch Co. 
American Mine Door Co., The 
American Steel Wire Co. 

Atlas Car Mfg. Co., The 
Baker Car Co. 

Baldwin Locomotive Works, The 
Card, C. S. Iron Works Co., The 
Central Frog ^ Switch Co., The 
Davenport Locomotive Works 
Davidson, O. H. Equipment Co. 
Easton Car Construction Co. 
Edison Storage Battery Co., The 
Electric Storage Battery Co., The 
Elliot Frog Switch Co. 

Foster, L. B. Company 
Frank, M. K. 

General Electric Company 
Goodman Manufacturing Co. 
Hendy, Joshua Iron Works 


Hyman-Michaels Co. 

Indiana Foundry Co., Inc. 

Ironton Engine Co., The 
Jeffrey Manufacturing Co., The 
Kenova Mine Car Co. 

Kilbourne ^ Jacobs Mfg. Co., The 
Lake Shore Engine Works 
Lobdell Car Wheel Co. 

Mancha Storage Battery Locomotive 
Company 

Ogden Iron Works Co. 

Ohio Brass Co., The 
Pennsylvania Casting Machine Wks. 
Porter, H. K. Co. 

Ralston Steel Car Co., The 
Sanford-Day Iron Works 
Southern Wheel Co. 

Stafford Roller Bearing Car Truck 
Corp. 

Vissering, Harry Co. 

Whitcomb, Geo. D. Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 



















































ANIMAL HAULAGE TREATISE, 


MULE HAULAGE IN METAL MINES * 


In considering the adoption of any underground 
tramming system, the following factors must be 
taken into account: Tonnage to be hoisted daily; 
distance from stopes or hoppers to shaft; grades 
and curves to be overcome, and life of the mine. 

A system of haula^ that may be suited for 
any one of these conditions may be totally unsuited 
for the others, and the system decided upon should 
be that which will show the least cost per ton 
of operation, taking into account the complete 
amortization of the capital expense involved when 
the mine is worked out. For instance, the stopes 
may be over 2,000 ft. from the shaft, the tonnage 
desired over 600 tons per day, the grades not heavy, 
and the track in fair order. These conditions call 
for mechanical haulage. If the life of the mine is 
limited, it will probably be better to operate under 
the higher cost that the use of mules entails, rather 
than to expend a large amount of money in an ex¬ 
pensive locomotive, heavier rails, and an improved 
roadbed, with attendant disorganization of the mine 
while the changes are being made, all of which 
capital expenditure must be amortized before the 
ore is exhausted. 

Hand tramming is suitable only for mines of 
small output, with tramming distances compara¬ 
tively short—^not over 400 ft. SmaU cars, of y%- or 
%-ton capacity, are required, as a ton load is too 
heavy for one man to push unless favored by a 
grade. The advantage of hand tramming over any 
other system is the complete absence of any capital 
expense. With any attempt to increase tonnage, or 
an increase in tramming distance, the cost of hand 
tramming becomes prohibitive. Such methods may 
be used to advantage in cleaning up a small bunch 
of rich ore, or robbing pillars, where the handling 
expense is only a small percentage of the total 
value. 


Some Disadvantages of Mechanical Haulage 

Mechanical haulage, where conditions are favor¬ 
able, will show the minimum operating cost. But 
the tonnage handled must be a maximum and the 
distance from shaft to stopes must be long enough 
to show economy in time of hauling, after making 
all allowance for delay in making up the long trains 
at shaft and side tracks. Grades, wherever prac¬ 
ticable, must be eliminated, or at least eas^ off 
as much as possible; curves must be cut out or 
widened. Unless the track and roadbed are in good 
condition, the locomotive will promptly search out 
every weak place and “jump” the track, necessitat¬ 
ing vexatious delays in getting it back again, while 
the work of the mine is held' up, and the millman 
enters on his report “No Dirt.” Though it is true 
that a number of men can be eliminated from under¬ 
ground or put to other work when the change is 
made to mechanical haulage, the replacement of the 
engine driver, who may be incapacitated any time 
from accident or sickness, becomes a serious prob¬ 
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lem. It is usually an easy matter to put on an extra 
mule driver or trammer, but a good motor man can¬ 
not be picked up on an hour's notice. It is not just 
a question of operating the engine, although that in 
itself requires the work of a skilled man. Because 
of his daily experience over the run, he knows where 
to put on spe^ for a grade, where to ease up for a 
curve, and a knowledge of these matters is most 
important in the operation of a long train. Further¬ 
more, unless an extra engine is on hand, a break¬ 
down in a vital part of the engine usually entails a 
shutdown in the mill, so that with a mine running 
on a close margin of profit, the loss of a day’s time 
with all overhead expenses going on as usual will 
often completely eliminate the expected economy 
of the new haulage system for a considerable period. 


Limitations of Mule Haulage 

Mule haulage is particularly adapted for mines 
having the following conditions to meet: Open 
stopes with mining conducted all on one level; tram¬ 
ming distance over 400 ft. and less than 2,000 ft.; 
many grades, neither very long nor very steep; 
many curves, some of very sh^ radius, and limited 
life of orebody, but assured for a reasonable period. 
These conditions are common to many mines, par¬ 
ticularly in the zinc mines of Wisconsin and 
Missouri. 

Good mules can be purchased for from $100 
to $150 per head. If the roof is high, and there is 
an incline down which the mules can be taken under¬ 
ground, large mules should be given preference, for 
the working capacity of a mule weighing 1,100 lbs. 
or 1,200 lbs. is far more than that of one weighing 
800 lbs. It may often happen, however, that there 
is no incline and the hoisting shaft is small and 
without means for installing a special mule cage, 
or that the tramming must be done in low drifts. 
Small mules can be taken down the sh^t with¬ 
out much trouble by suspending them in a special 
harness and hooking them under the cage or 
directly to the cable in bucket hoisting. With a 
careful hoistman, there is not much danger of 
accident. 


Characteristics of Maud 

The mule is a much maligned animal. It will do 
an extraordinary amount of work during a shift’s 
time, patiently and willingly, if given decent treat¬ 
ment and care. It quickly learns the tracks under¬ 
ground, and knows its route in the dt^. Reins can 
be dispensed witli after a few days, and no guidance 
is necessary. A mule will feel its way along a shaky 
track with uncanny accuracy, and the only light 
needed is the cap light of the driver. Electric light 
along the track are of course an excellent invest¬ 
ment in every way, and by their aid a much better 

*W. F. Boerlcke, in En^neering and Mining Journal. 
November 26, 1921. 
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speed can be maintained and the track and roadbed 
kept in better condition. A mule is in no sense a 
stupid animal, despite frenzied testimony of the 
skinners to the contrary. Unlike a horse, it is not 
nervous, and frequent blasting and boulder shooting 
do not disturb it in the least. 

The number of mules required underground will 
depend on the tonnage and the distance from the 
shaft. Cars must be taken away from the shovelers 
as fast as loaded, whether they work on contract 
or day's pay. If cars are trammed by hand from 
the stopes to the central gathering station and there 
made up in trains for the shaft, there must be a 
sufficient number of mules to get the loads to the 
shaft and the cars returned without anyone waiting 
for empties. 

The time required by the average shoveler to 
fill a 16-cu. ft. car (% ton) where there is plenty of 
dirt and not much time needed for breaking up 
boulders is from six to ten minutes. Tramming 
to the siding or layby and returning with the empty 
will take five minutes more. This is at the rate of 
from four to six cars per hour. Better records 
will be made by experienced shovelers. 

If the shoveling time is fifteen minutes per car, 
this establishes a maximum for the tramming time. 
When the haul to the shaft is short, one mule can 
serve several shovelers without doubling up on the 
cars. As the distance increases more cars must be 
provided and two or more cars will be pulled at one 
time. With trams exceeding 1,600 ft. it is generally 
necessary to put in a relay station and an extra set 
of mules to pull to the shaft. The gathering mules 
will bring the cars singly or in pairs to the station, 
where they are made up into the longest trains 
possible and are then taken by heavier animals to 
the shaft. This means bu 3 dng about one-third more 
cars for the mine. 

Fifteen miles is the maximum distance that 
should be expected of a mule working every shift 
underground. As this is the total distance of the 
round trips, the mule will pull loads 7.5 miles. Con¬ 
sidering a 1,000-ft. haul to the shaft, the number 
of trips will be about forty. As the distance in¬ 
creases the number of possible trips decreases 
unless the animal is run to exhaustion. It is there¬ 
fore better to get the track Into such condition that 
a number of cars can be taken per trip, and the 
mileage thus decreased. 

Good Track Conditions Desirable 

Mules should not travel faster than five miles 
per hour for good results, and if long trains of seven 
or eight cars are used a speed of three miles per 
hour is enough. Aside from the danger of accidents 
and derailments that may occur if greater speed is 
attained, faster rate than this will wear out the 
animal quickly and cut down its vitality and tractive 
effort. It is better to get the track in good condi¬ 
tion, improve the oiling of the cars, make an effort 
to cut down grades and curves, and then put one 
or two extra cars on the train and cut down the 
speed, than to make more trips with fewer cars. 
Mule drivers, especially the younger men, delight in 
taking chances by racing mules, and a kind Provi¬ 


dence apparently protects them from low roof, weak 
track, and derailments; but it is poor practice and 
should be discouraged. 

A mule needs a 6-ft. clearance between track 
and roof to work comfortably, and this should be 
exceeded if possible for large animals. Smaller 
mules can get along in lower headings, and in some 
mines, where the clearance was less, spaces have 
been hollowed out between the ties for them to 
walk in. 

Wherever there is an incline to the mine it is 
usually advantageous to bring the mules out at the 
end of each shift. They quickly learn the routine, 
roquire little urging to go undei^px)und, and still 
less to come out. Where this is impossible or im¬ 
practicable, . underground stables must be built. 
These in all cases must be dry. If possible they 
should be on an upper level or stope, with plenty 
of ventilation, but not exposed to draft. A sloping 
floor will aid drainage with individual stalls. The 
stable should be electrically lighted and kept as 
clean as possible. A mule tender, whose sole job 
is to look after the mules, cuny, shoe, and feed 
them, watch their hoofs, and, in case of inju^, 
do a little veterinary work, is worth his pay aside 
from any humanitarian reasons. If the job is left 
to the individual mule skinners the animals are 
likely to be neglected. 

Mules should be well fed. Careful figures were 
kept at a large mine working fourteen mules, to 
determine the amount and cost of feed for the 
animals. These mules were all in constant service 
and averaged about eleven miles per shift, pulling 
two 16-cu. ft. cars for an average tram of 1,000 ft. 
The feed needed per month averaged as follows: 

Feed Amount Per Mule 

Hay, tons . 3.1 0.22 

Oats, bushels . 69.0 5.00 

Corn, bushels . 28.5 2.00 

The above figures are rather low in comparison 
with another mine where twenty-two mules were 
used on an average tram of 1,450 ft. with layby 
stations and numerous grades and curves. These 
were as follows: 


Amount for Per Mule 
Feed Year per Month 

Hay, tons . 88.76 0.31 

Oats, bushels. 2,424 9.20 

Com, bushels . 752 3.00 


The cost of feeding will vary with the market 
price of produce. With hay at $16 per ton, oats at 
36c. per bushel, and corn at 60c. per bushel, the 
cost per mule per day will be about 20c. To this 
must be added the wages of the mule tender, or a 
fair allowance of time paid for the attendance, re¬ 
gardless of whether there is an extra man or not. 
Twenty-five cents per day per mule is not unreason¬ 
able for four or five mules, where each driver takes 
care of his own animal, but where more than eight 
mules are employed it is better to have one man 
take care of the entire stable. If the right man is 
selected he can take care of a large number of 
animals and the cost of feeding can then be cut 
to 10c. or 16c. 

Rats cause considerable waste around a stable. 
No more feed should ever be taken underground 
than is necessary, as the dampness affects it and 
the rats raise havoc with the grain. 
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ANIMAL HAULAGE TREATISE, 


Not the least value of a mule is his ability to 
exceed his ordinary tractive effort greatly over a 
short distance. For a short pull, the mule can make 
some astonishingly steep grades. Regardless of 
his usefulness on a long haul, therefore, the mule 
has an undisputed place in gathering cars for the 
trains and in clean-up work where tracks are rough 
and only intended for temporary use, the curves 
sharp, and the grades steep. The following figures, 
from actual practice, show what can be done. The 


cars used were 16.5 cu. ft. 


Length of Grade* 


Number of Cars 

Feet 

Per Cent, of Grade 

Pulled by One Muh 

66 

6.6 

2 

36 

15.0 

1 

88 

8.7 

2 

34 

12.8 

1 

81 

14.3 

1 

180 

7.0 

1 or 2 


The ideal grade for haulage is usually taken as 
between 0.5 and 1 per cent, the gradient of equal 
traction, where the power needed to pull back the 
empties is just equal to that required to overcome 
the friction of the loads coming down hiU. In actual 
mine work, unless on long drifts that are carefully 
surveyed and driven on line, such an ideal condition 
is rarely encountered. Tracks will run up and down 
with variations in the floor of the orebody. Care 
in selecting the trackway and sometimes changing 
the line or cutting out a high spot will be amply 
repaid in added efficiency of the mules. 


3 per cent grade. The curves were sharp. No brakes 
were used on empties; the drivers held back the 
cars by placing their hand on the mule’s rump. The 
mules were worked hard on account of the long 
tram, and obliged to travel at a run on the return 
trip. Data were as follows: 


Average tons trammed, per shift 

Average tram distance, feet. 

Number of mules.. 

Mineral tons per mule. 

Miles traveled per mule. 

Ton-miles per mule. 

Cost per ton, cents.. 

Cost per ton-mile, cents. 


180 

1,460 

4 

46 

12 

12 

7.9 

SO 


At mine No. 2 the average tram was 2,613 ft. 
This was covered by using a relay of big mules that 
picked up the loads at the layby station 1,000 ft. 
from the shaft and pulled them there in eight-car 
trains. The gathering mules pulled two cars over 
fair tracks with less than 1 per cent grade against 
the loads. On account of the long tram they were 
worked hard and were worn out soon. This mine 
was soon afterward changed over to gasoline haul¬ 
age. The comparative figures are: 


Average tons trammed, per shift 

Average tram distance, feet. 

Number of Mules. 

Mineral tons per mule.~ 

Miles traveled per mule. 

Ton-miles per mule. 

Cost per ton, cents.. 

Cost per ton-mile, cents. 


288 

2,613 

9 

82 

16.8 

16.8 

10.9 

22.4 


Mule Haulage Expense 

The cost of mule haulage is made up of the 
following items: Cost of feeding; cost of attend¬ 
ance; wages of mule drivers, and depreciation. 


At mine No. 3 conditions were better. The 
average tram was 2,000 ft. over a level grade with 
curves well proportioned. Large mules were used, 
taking trains of six cars to the shaft. These traveled 
at slow speed, about 3^^ miles per hour. The figures 
follow: 


The cost of feeding has already been ^ven as 
25c. per day, but it varies somewhat with the 
market price of supplies, although it is nearly a 
constant charge, whether the mules are worked or 
not. The cost of attendance can be covered by 25c. 
per day, and this will also pay for such supplies as 
are needed, shoes, nails, harness, and other require¬ 
ments. Wages of mule drivers are about $3 per 
day on the present scale. They are generally em¬ 
ployed on straight time, not contract. 

A mule with good care and feed will thrive 
underground. Barring accidents, there is no reason 
why mules should not remain below six years or 
longer, and then, if in good health, they have a con¬ 
siderable value for farm work on the surface. If a 
mule costs $150 and is worth $50 when taken out, 
over a six-year period a depreciation figure of $16 
per year, or 5c. per day, is enough. The total ex¬ 
pense of mule and driver per day is, therefore, $3.55. 

The ton mileage obtained will vary with the 
conditions in the mine, and 1 am quoting some typ¬ 
ical instances. In all cases a 16.5-cu. ft. mine car, 
weighing 800 lbs. empty, with solid body, loose 
wheels, plain bearings, lubricated with grease 
through slot holes bored in the hubs, was used. 
Track gage was 22 in., with 16-lb. rail. 


Average tons trammed* per shift 

Average tram distance* feet. 

Number of mules. 

Miles traveled per mule. 

Ton-miles per mule. 

Mineral tons per mule. 

Cost per ton, cents. 

Cost per ton-mile, cents. 


400 

2*006 

8 

8.6 

26 

64 

6.2 

14.0 


At mine No. 4 conditions were excellent for 
mule haulage. Cars were taken from the gathering 
point, 1,483 ft. from the shaft, by two mules per 
shift, in trains of four cars. The track from the 
layby station to the shaft dropped uniformly 1^^ 
per cent in favor of the loads on a straightaway 
run. The track was in good condition and was elec¬ 
tric lighted. The cars ran down the grade by their 
own weight after being started, and the mules went 
at an easy trot, about five miles per hour, which 
did not exhaust them. They could easily have taken 
down a much longer train, but four empties were 
their limit on the return trip. Brakes were not 
needed except at the end of the run, when a wheel 
of the last car was spragged. Comparative data 
follow: 


Average tons trammed, per shift 

Tram distance, feet. 

Number of mules. 

Mineral tons per mule. 

Miles traveled per mule. 

Ton-miles per mule. 

Cost per ton, cents. 

Cost per ton-mile, cents. 


266 

1*488 

12! 

18.1 

36.8 

2.8 

10.1 


At mine No. 1, the average tram was 1,450 ft. The noteworthy mileage made by these mules 
Two cars were hauled per mule. The grades were was no doubt due to the down grade with the loads, 
against the load, the worst pull being 300 ft. of which eliminated all hard pulling. 
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STORAGE BATTERY LOCOMOTIVE TREATISE. 


Practical points then seem to be as follows: Use 
the largest-size mule that can be worked in the 
drifts; keep track and roadbed in the best possible 
condition, with the grade, if any, in favor of the 
loads; load the mule to his capacity (if the grade is 
about 1 per cent this will be determined by the 
number of empties he can pull'back), and maintain 
a constant, steady speed—frequent spurts may 
satisfy the sporting proclivities of the driver but 
they detract from the mule’s efficiency. 

It is frequently the case, as in mines No. 1 and 
No. 2, that the cost per ton may go up while the 
cost per ton-mile goes down. The same number 
of mules may take a less number of cars but cover 
a much longer distance, thus decreasing the latter 
but increasing the cost per ton, and, until both 
figures are known, criticism cannot be intelligently 
made. Knowing the time required for a round trip 
to the shaft from the stopes, plus delays in coup¬ 


ling and uncoupling cars at the stations, a close 
guess is possible at the number of mules needed to 
take care of any tonnage from any distance. For 
instance, in considering a tramming distance of 
1,000 ft., with a tonnage of 300 required, four-car 
trains are possible, and the estimated time for a 
round trip, including delays, is seventeen minutes. 
Twenty-eight trips per eight-hour shift are then 
possible, mineral tons per mule will be 112, and 
three mules will be required. The cost per ton will 
be 3.1c., and the cost per ton-mile, 16.7c. 

It is rare that the tramming problem can be 
handled by so simple a calculation as this. Condi¬ 
tions are constantly changing, and, in an effort to 
speed up production, a demand for more cars is 
made, or more speed by the trammers, and the 
ground boss has a new problem on his hands. A 
double track is always desirable, and an extra mule 
will earn his keep many times over in helping out 
in a pinch. 


STORAGE BATTERY LOCOMOTIVE 
AS APPLIED TO MINE HAULAGE* 


A thorough visualization of the subject would 
contemplate a comparative analysis of haulage 
machines and batteries of various types; the rela¬ 
tionship of the storage-battery locomotive to other 
l^es of mine haulage should be considered and 
limiting factors in each case should be carefully 
developed. This paper will briefly deal with these 
factors. 

About 1913, several large manufacturers sought 
to produce a reliable storage battery locomotive. 
For two or three years, although a satisfactory 
battery and thoroughly substantial mechanical 
parts and motors were available, the development 
was slow, because of the failure of the manufac¬ 
turers thoroughly to understand mine require¬ 
ments. 

The interest of the mine owner in haulage is 
concerned solely in the number of tons of coal or 
ore that he can safely haul in a day and the cost 
per ton of this work. 

In the coal mines having the lowest haulage 
costs there will be found: Entry trackage of not 
less than 40 lb. weight, well supported and well 
maintained on ties; room rails of 20 lb.; cars of the 
greatest cubical content permitted by the height 
of the seam (in low seams) or (in high seams) 
by the ease of loading. In well-managed soft coal 
mines where the shovel is used, cars with a cubical 
content of 235 cu. ft. are found. The track gage 
is not less than 36 in. and usually is over 40 in. 
The trips contain from 26 to 50 cars and the main 
haulage locomotives are from 10 to 30 tons. There 
is double track on the main headings, good voltage 

•New York meeting of A. I. M. & M. E. Charles E Stuart. 


at the working centers, the gathering locomotives 
are from 4 to 6 tons, and the workings are concen¬ 
trated. 
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Graphic Analysis of Daily Performance of Locomotives 


The above in its relationship is practically character¬ 
istic of mine haulage in general. 

Similar tests several weeks later after power and 
other conditions had been improved, Indicating a 100% 
increase in productive effort and proportional decrease 
in equipment needed for work produced, power consump¬ 
tion and other incidental costs. 

This chart represents one step in a test carried from 
boiler to face of coal. 

A = Possible work under prevailing conditions. 

B = Possible work under conditions which might 
have prevailed. 


Advantages of the Storage Battery Locomotive 

Within the car limits indicated, with a concen¬ 
tration of work, general grades not exceeding 6 
per cent., the work for the storage-battery locomo¬ 
tive is collecting the cars from a number of places 
or rooms and taking them to a siding where the 
trip is made up for the heavy locomotives. 
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TROLLEY LOCOMOTIVE TREATISE. 


Under these conditions, the storago-battery 
locomotive containing motors and batteries of 
ample capacity for the actual cycle of duty has the 
following advantages: 

1. It is unnecessary to string trolley wire and 
bond tracks away from the main haulage ways. 

2 . In thin coal, it is unnecessary to brush; 
that is to take up bottom in order to make height 
necessary for mules. 

3. No time is lost by making cable connections 
with the trolley on entering rooms, nor by cutting 
the reel cable and splicing it where cut. 

4. The chance of personal contact with the 
trolley wire is absent. 

6 . In a gassy mine, away from the well-venti¬ 
lated headings, the absence of a spark at the wheel 
or the trolley may be a vital consideration. In 
those mines where safety lamps are required, it is 
only a matter of time before the use of the trolley 
and reel locomotive for gathering will be prohib¬ 
ited. The storage-battery locomotive can be, and 
is being, made gas-proof and will pass the tests 
of the U. S. Bureau of Mines. 

6 . The speed and haulage capacity of the ma¬ 
chine measured in pounds drawbar pull, will enable 
it to displace a number of mules and drivers and 
should materially lower the cost of gathering. 

7. An invaluable consideration is the inde¬ 
pendence of the storage-battery locomotive with 
respect to either substation or power plant during 
idle days. At such times a storage-battery loco¬ 


motive may be used for handling supplies for other 
purposes. 

The writer is now working on plans for a mine 
in which alternating current will be used for all 
stationary motor drives and for mining machines. 
For a short time, animal haulage will be the cheap¬ 
est; but when the economic limit for this haulage 
is reached, it is proposed to purchase a charging 
set and storage-battery locomotives. In many 
cases, wit ha small mine, the storage-battery loc^ 
motive will be the most economical haulage unit 
for the life of the mine. With larger development, 
the third step would be the introduction of the 
heavy type locomotive and the division of the 
storage-battery locomotive to gathering. 

Conclusions 

To sum up, the storage-battery locomotive is 
proving a complete success and a means for re¬ 
ducing costs as well as risk of accident, where 
properly applied. Its failure at any mine will be 
accounted for by one of the following: 

1. A duty cycle in excess of battery capacity; 
this has been the most frequent cause for failure. 

2. Misapplication is a common error; that is, 
the effort to use the storage-battery locomotive 
where mule power is cheaper or where man power 
in conjunction with the strictly haulage type of 
locomotive would be cheaper. 

3. Failure to select a locomotive that will 
stand the abuse of mine practice. 

4 . Failure to provide a reasonable amount of 
care and attention. 


MAINTENANCE OF TROLLEY-TYPE 

LOCOMOTIVES * 


The three princi^l troubles which locomotives 
are apt to develop in service are open circuits, 
pounds and short circuits. If the trouble is not 
immediately apparent, it is well to make the follow¬ 
ing tests in re^lar order, making use of a magneto 
or lamps in series with two test leads. If the trouble 
is surmised to be an open circuit, first make certain 
that the motor brushes make good contact on the 
commutator; also remove the trolley from the wire 
and globes from the head lamps. Test between the 
trolley wheel and the terminal marked “T” or 
“trolley,” in the controller. If a circuit is found, 
test between the first and last fingers of the resist¬ 
ance leads. If no circuit is obtained here, discon¬ 
nect the resistance leads from the terminals one by 
one and thus isolate the trouble. If a circuit is 
obtained, the open circuit is probably in one of the 

♦Frederick Krug, Electrical World, November 5, 1921, and 
Lefax, December 23, 1921. 


motors and can be located by testing the motor 
leads. 

If it is apparent that the trouble is a ground, 
proceed in a similar manner, testing from the trol¬ 
ley wheel to the motors, first, however, disconnect¬ 
ing all permanent grounds and notching up the 
motor brushes. Isolate the ground by disconnect¬ 
ing the circuit, section by section. Attach one 
lead of the magneto or lamps to ground and test 
each part in turn with the other. 

To insure the proper connection of motors when 
reinstalled after overhauling, wire a fibre tag to 
each motor lead and the corresponding tag to the 
lead connected with it. Adjust parts as follows 
with the spring scales: Pressure of controller 
fingers, 2V^ lbs.; pressure of trolley on wire at the 
average height, about 12 lbs. to 15 lbs.; pressure 
of motor brushes, between 3 lbs. and 4 lbs. 
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320 LOCOMOTIVE TREATISE. 


The feeder connections to the trolley wire should 
be inspected occasionally as the repeated passage 
of the locomotive will in time often cause the con¬ 
nections to work loose. Connections at sectional- 
izing switches will also need attention now and 
then. Wherever possible it is advisable to gdve the 
rail joints periodic tests in order to maintain them 
at their highest efficiency. The fishplate bolts should 
be kept tight so as to eliminate as much vibration 
of the rails as possible. Cross bonding every 250 
ft. or so will help maintain the continuity of the 
circuit in event of the breakage of the bonds on 
one section of rail. It is also good practice to bond 
to water pipes or air lines where they ^rellel the 
track and then run a lead from these pipes to the 
power house. If the voltage at the locomotive at 
maximum load is much less than 80% of the voltage 
at the power house. It is generally advisable to 
install additional feeders, first making sure that the 
loss is not due to excessive resistance in the return 
circuit. The best practice calls for an equal loss 
of voltage in the feeder wire and in the track circuit. 


the wool waste in the driving boxes is touching the 
axle and is well saturated with oil. Make sure that 
covers fit tightly to prevent the entrance of foreign 
matter. 

WEEKLY 

General—Clean locomotives thoroughly and 
blow out with compressed air. Repeat the regular 
daily inspection and make any changes for which 
time could not be found during the week. In addi¬ 
tion, examine the following: 

Circuit Breaker—Clean contacts and put a few 
drops of oil on all working parts. 

Wiring—See that all connections are tight and 
that the cable is in good condition. Replace marker 
tags before they become unrecognizable, so as to 
keep the machine in readiness for disconnection and 
reconnection of the wiring at short notice. See 
that all joints are well tap^ and give the cable an 
occasional coat of black insulating varnish. 


TBOVBXM TO XiOOK TOB OV Mm MCOMOTZTSa 


TROUBLE 

1. Failure to operate on any 

position of controller. 

2. Locomotive operates on 

some notch after first. 


8. Locomotive operates with 
motors in parallel, but 
not in series. 

4. Circuit breaker opens on 

some notch of the con¬ 
troller. usually the first. 

5. Locomotive operates in 

series, but circuit break¬ 
er opens with controller 
in parallel. 

6. Jerky rotation of arma¬ 

ture and bad sparking. 

7. Local heating of armature 

and sparking and pit¬ 
ting of one spot of 
commutator. 

8. Heating and higher speed 

of armature and per- 
haps fiashlng. 


CAUSE 

Open circuit, usually in wir¬ 
ing. Ground connection 
disconnected or burnt off. 

Open circuit in resistance 
grids between notch it 
starts on and last pre¬ 
vious notch. 

Open circuit in one motor, 
either in connection or 
the field. 

Ground on resistance or on 
one of the motors. 

Ground on one of the mo¬ 
tors. 


Open circuit in armature. 
Short circuit in armature. 


Short circuit in field. 


Locomotive Inspection and Maintenance Schedule 


Resistance Grids—^After thoroughly cleaning 
and blowing out, examine for any tendency to 
buckle and replace any that are likely to cause short 
circuits. Make sure all parts are tight. 

Brasses—Examine journal brasses in the driv¬ 
ing boxes and replace those worn too thin. Repack 
any boxes in which the waste has become dirty. 

Bearings-^Note the condition of the armature 
and axle bearings and see that the housing contains 
sufficient oil to keep the wool waste well saturated. 
Every two weeks put a small amount of grease on 
the ball bearings of the motors that are thus 
equipped. 

Gears and Pinions—Examine carefully to see 
that pinions are tight and not badly worn. See 
that the gear case fits snugly and prevents the 
entrance of foreign matter. Grease the gear wheel. 


DAILY 

Trolley Pole—See that the trolley-pole runs 
freely and that harp, wheel axle, springs, bushings 
and trolley pole cabe are in good condition for the 
day's run. If any part is found defective, change 
for spare trolley pole and leave in shop for repairs. 
Put a few drops of oil on the swivel base and trolley- 
wheel axle. 

Controller—Examine carefully for any loose 
parts. Smooth down any slightly burned fingers 
or contact segments and change any that are badly 
burned, making sure that they make good contact 
by turning controller off and on several times. Clean 
controller thoroughly and then put a very light coat 
of vaseline on the segments and fingers and a few 
drops of oil on the shaft bearings and pawls. 

Motors—Note condition of commutator and see 
that brushes work freely and make good contact. 

Brake and Driving Boxes—See that the entire 
braking equipment is in satisfactory condition for 
the day’s run, making sure to note whether brake 
shoes are wearing evenly. If not, adjust. See that 


Brake Shoe—Replace brake shoes when worn 
too thin. 

Motors—Remove tap from bottom of motor 
frame to draw off any oil that may have collected. 
Remove top cover and clean brush holders and 
windings with a cloth. Blow out thoroughly and 
replace. If commutator is rough and blackened, 
clean with No. 00 sandpaper on the end of a block 
of wood. To do this remove the brushes of the 
motor to be cleaned and run locomotive with the 
controller in “parallel” by the other motor. 

SEMI-ANNUAL 

Remove motors from locomotive and disassem¬ 
ble. Clean thoroughly and give the field coils and 
armature a coat of black air-drsnng varnish if neces¬ 
sary. See that all connections and wiring are in 
good condition. Replace any worn parts of brake 
rigging. Change armature and axle bearings if 
found worn. Change wheels and axles if necessary 
and put washers on axles if there is play between 
wheels and frames. Thoroughly overhaul control¬ 
lers and put locomotives in first-class operating 
condition. 
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_ ELECTRIC HAULAGE DATA. ^21 

ELECTRIC HAULAGE SYSTEM IN BUTTE MINES 


Prior to 1902, tramming ore from stopes to 
shafts, in Butte mines, was done by man or animal 
power. Demand for greater tonnage and the need 
for more improved methods of tramming resulted 
in the installation of compressed-air locomotives in 
a few mines. These locomotives were not gener¬ 
ally adopted, because of a number of limiting fea¬ 
tures. They were superseded by electric trolley 
locomotives. 

There are now operating in the Butte mines of 
the Anaconda Copper Mining Co., 185 troUey-tsrpe 
locomotives, each of which has replaced five 
animals. 

The haulage conditions in this company’s mines 
have many advantageous features that are not 
always found in underground mine workings. The 
drifts and crosscuts are large, approximately 5 ft. 
wide by ft- high, and have curves of no less 
than 18 ft. radius; and the roadbeds of the drifts 
and crosscuts have a uniform grade of 0.5 per 
cent, in favor of the loaded trips. In all of the 
mines, except two, the track gage is 18 in., and 
all tracks in the main haulageways are laid with 
25-lb. rails. The average haul is 1,500 ft., but a 
number of hauls are approximately 3,000 ft. long. 

Usually a train consists of ten loaded, roller¬ 
bearing cars. Each car weighs, when empty, 900 
lbs. and holds 14 cu. ft. of ore, which weighs about 
1,800 lbs., thus the total weight of a train, without 
the locomotive, is 13^ tons. Normally, ten trips 
of ten cars of ore each are required per shift of 
8 hrs. on each mine level; this does not include, 
however, the tramming of waste or supplies. Waste 
is gener^ly hauled during the time the ore haulage 
is light, as the material is usually trammed against 
the ^ade from the shaft to the stopes for back-fill. 
During a working day the locomotives are in 
service 16 hrs., hauling an average of 245 loaded 
cars, and returning the same number of empties. 


A mine locomotive with a drawbar pull of 750 
lbs. would perform the work that has been outlined. 
To resist the abuse to which a mine locomotive is 
always subjected, larger equipment has been in¬ 
stalled. The trolley locomotives now in service 
have a drawbar pull of 1,450 lbs., a speed of 5.3 
mi. per hr., and weigh zy^ tons. The trolley wire 
is carried in an inverted wooden trough placed at 
. one side of the tracks and made of 2 by 8-in. strips 
for the back and 1 by 8-in. boards on each side. 

As the trolley wire is a fire hazard and a poten¬ 
tial danger to the workmen and as it limits 
use of a trolley locomotive, particularly in the 
gathering operation, the storage-battery locomo¬ 
tive has been instaUed in a number of the Ana¬ 
conda mines. The first storage-battery locomotive 
put into operation demonstrated that it was a 
success and, as a result, thirty additional machines 
were purchased, and most of them are in operation. 
The total weight of the locomotive is 4V^ tons. It 
is rated at 1,500-lb. drawbar pull at 3^ mi. per hr. 
on level track, with a maximum drawbar pull of 
2,500 lbs. for starting and accelerating. 

The cost of a trolley wire and track-bonding 
installation on the long hauls is about equal to a 
set of storage batteries for a locomotive, hence 
there is little difference in cost between a trolley 
locomotive and a storage-battery locomotive instal¬ 
lation. The cost of maintenance of the two tjrpes 
of installation has been in favor of the latter, as 
the labor necessary to keep the trolley wire in 
alignment with, the rails, due to the movement of 
ground in a number of the mines, and the constant 
repairing of the guard strip over the trolley wire, 
involves large expenditures. 

There are- now operating in the mines 22 
storage-battery locomotives, hauling an average of 
245 loaded cars and returning the same number 
of empties in a 16-hr. day. 


—C. D. Woodward, Butte, MonL 

PERFORMANCE OF COMBINATION STORAGE BATTERY—TROLLEY LOCOMOTIVE 

In response to a request for operating costs of storage battery locomotives, the following tabulation has been taken from 
a paper entitled **Storage Battery Liocomotlves As Applied to Mine Haulage,** by Charles Stuart, an abstract of wh ich is printed 
in this section. This table was compiled after a careful study for a full month at the Lynch mines of the umled States Coal 
and Coke Co., at Lynch, Ky. Monthly and daily averages are given 


^ooomotiTe Xo. 908—Type *a>. T.” 


FZXXD OPBXATXTX C08T8 

Average hours worked per day. 10.7 

Driver*8 wages—70 cents an hour.$203.00 

Coupler’s wages—65 cents an hour. 188.70 

Motor house rental—20% of cost of superintendence... 3.72 

Interest on investment, 6% . 40.92 

Depreciation on locomotive, 10%. 38.13 

Depreciation on battery, 7 year life. 50.22 

Supervision, cost per locomotive. 16.20 


XtAXXTBXAXCB C08T8 PBX XOXTX 

Current consumption, kilowatt-hours . 670 

Current costs 0.0175 per kilowatt-hour.$11.71 

Repair parts, $150 per locomotive per year. 12.71 

Repair labor, 1 hour per day. 24.80 

Time for repairs .31 hrs. 

Repair shop cost, 20% of parts and labor costs.$ 7.44 

Distance covered per day.15.4 miles 

Number of trips per day.3.2 

Number of loads pulled per day.58.3 

Number of empties spotted per day.59.3 

Average distance covered per trip, feet.25,236 

Average distance traveled per car, feet.690 

Average level distance per trip of total, 43%, feet... .10,851.5 
Average distance per trip of total, 35%, average of 7.7% 

against loads, feet .8,832.7 

Average distance per trip of total, 22%, average of 4.1% 

in favor of loads, feet .5,551.9 

Time hauling loads .75 hrs. 49 min. 

Time spotting empties .87 hrs. 10 min. 

Time lost waiting for empties.24 hrs. 30 min. 

Time lost waiting for loads.18 hrs. 38 min. 

Time lost, other reasons .73 hrs. 18 min. 

Average time per car, full trip minutes.3.3 


Load weight in cars, coal and locomotive, hauled per trip. 


tons .97.6 

Load weight in cars and locomotives, hauled per trip, tons.45.05 

Net tons coal hauled per day. 151.8 

Mules replaced .8 

Men replaced .8 

TOTAB C08T8 

Fixed costs, per month .$540.89 

Maintenance costs, per month . 56.66 


Tons hauled per month .4,098.4 

Total cost per month .$597.55 

Average cost per ton . 0.145 

Mules replaced .8 

Mule drivers and crab men replaced.8 

Cost of operating, per mile .$ 0.135 


Previous equipment used in same section, 8 mules, 8 men 
and 2 crab units. 

Feed @ $20.00 per month each mule.$ 160.00 

Depreciation @ 25% at average cost of $175.00. 29.16 

Interest on investment @ 6%. 7.00 

Shoeing, stabling and harness. 16.00 

Drivers and crab men at actual time locomotive 

worked ..’. 1,624.00 


Monthly costs ... 

Locomotive costs, monthly . 

Saving monthly . 

8avl2iflr veaidv ... ... 

‘ COMPAKATZTB BB8IJBT8 

Per ton cost hauled by mules . 

Per ton cost hauled by locomotives. 

Per ton Mvlng. 


.$1,836 

.16 

. 597 

.55 

.$1,238 

.61 

$14,863 

.38 

_$0,448 

_$0,145 


$0,308 
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Specimen Form Sheet for Haulage Locomotives 

(Information Desired by Manufacturers) 


Type Required 

Electric 
Compressed air 
Gasoline 
Steam 

Storage Battery 

Size or Weight fjocomotive Required 

Number Required 

Dimensions 

M ftximnm width locomotive can have 
M ax i m um height locomotive can have 
Is it necessary to take apart to install (in case 
of shaft mine) ? 


Track 

Weight of rail.lbs. per yard 

Exact gauge of track on straight haul 
Exact gauge of track on curves 
Radius of shortest curve in feet from center of 
track 

Length of shortest curve 
Average length of haul 

*Grades 

Ma xim um grade in favor of load is ... % for 
... ft. 

Maximum grade against load is ..-. % for ... ft. 
What is the average grade and is it in favor or 
against the load? 

Length of maximum grade (in favor of load .... 
Length of maximum grade (against load .... 
If curves occur on grade, what is radius and 
grade? 

Haulage Conditions 
Width of entry 

Height of entry over rail and at lowest point in 
rooms 

Clearance each side of track 
Number of cars to be hauled per day 
Number of cars per trip 
Number of places to haul from 

fCars 

Length of pit car 
Width of pit car 
Weight of pit car and load 


Diameter of pit car wheel 
Length of wheel base 
Do pit cars have center or side bumpers? 
Height from top of rail to top of bumper 
Height from top of rail to bottom of bumper 
Width from outside to outside of bumpers 
Height from top of rail to center of hitching 
Dimensions of coupling—^length and width, in¬ 
side and outside 


Trolley Wire (Use this for Electric Locomotives) 

Location—Right or left side going toward face 
Distance of trolley wire outside of track rail 
Highest point in trolley wire above rail 
Lowest point in trolley wire above rail 
Location of motorman 
Voltage 

For gathering locomotive, give longest haul loco¬ 
motive must make using cable 

Gasoline Locomotives 

Is haul inside or outside ? 

Kind of liquid fuel available 
Altitude above sea level 
State ventilating conditions 

Compressed Air Locomotives 

Elevation above sea level of compressor location 
Will compressor be operated by steam or electric 
power? 

If steam, state pressure 
If slope mine, give length and pitch 
If shaft mine, give depth 
Give distance from convenient location for com¬ 
pressor to head of shaft or slope 
If drift mine, state distance from convenient lo¬ 
cation for compressor to parting outside 
where locomotive will deliver load^ cars. 


Storage Battery Locomotives 

What source of power, giving voltage, etc., udll 
be used to charge locomotive batteries? 

Number of entries to be served for gathering 
locomotive 

Number working rooms to be served on each 
entry 

Give a schedule of the service required of the 
locomotive, stating when at work and when 
idle throughout the 24 hours? 

Will it be possible to give the battery a boosting 
charge at any time during the day? 

*Give complete information on grades 


*A sketch, or better, a map of your tracks with notations thereon in regard to arades and elevations at various points and 
referring to the weights of, or number of carloads of material which must be hauled between the various points per hour or in 
6, 8 or 10 hours, usually gives a much clearer idea of your requirements than it is possible to give by tabulated method. A profile 
of important roads, or those where excessive or irregular grades occur, may also suggest important alterations in the equipment 
If haulage roads are to be lengthened, indicate which ones, and at what rate in feet per year they may be expected to increase 
in length. If the quantities to be hauled will increase, state how soon and how much. Also what lengths of haul and what quan¬ 
tities you wish to provide for in making the initial installation. 

flf possible, it is expedient to furnish drawings of cars showing bumper and draw-bar so that locomotive may be arranged 
to suit. 
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Gross Tons Hauled by Klcctric Locomotives 


TABLE A. HAULAGE CAPACITY OF ELECTRIC MINE LOCOMOTIVES EQUIPPED WITH CAST CHILLED WHEELS 

Thiff Uble kitm the drewbei pull in pouikU and the haulege ce p e rit y in tone lor a ahren weiaht of locomotive on vaiioue nades, when equipped with chilled 
CMt-iron wheela. A co-efBeie&t of friction of 30 lb. pei ton haa been aaeaiDM on level track, iCi 20 lb. per ton for each per cent, of grade. 
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6% 
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8% 

9% 
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bar 
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PuU. 
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PuU. 
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PuU. 

Cap., 

PuU, 

Cap., 

PuU, 
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PuU. 
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PuU. 
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P^ 
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lb. 
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lb. 

tone 

lb. 

tone 

lb. 

tone 

lb. 

teme 

lb. 

tone 

lb. 

tone 

lb. 

tone 

lb. 

tone 

lb. 

tone 

lb. 

tone 

3 

1200 

40 

1140 

23 

1080 

16 

1020 

11 

060 

0 

000 

7 

840 

6 

780 

6 

720 

4 

640 

3 

600 

2 

4 

1600 

63 

1620 

31 

1440 

20 

1300 

16 

1280 

12 

1200 

9 

1120 

7 

1040 

6 

960 

6 

880 

4 

800 

8 

5 

2000 

67 

1000 

38 

1800 

26 

1700 

10 

1600 

16 

1600 

11 

1400 

0 

1300 

8 

1200 

6 

1100 

6 

1000 

4 

6 

2400 

80 

2280 

46 

2160 

31 

2040 

23 

1022 

17 

1800 

14 

1680 

11 

1560 

0 

1440 

7 

1320 

6 

1200 

6 

7 

2800 

03 

2660 

63 

2620 

36 

2300 

26 

2240 

20 

2100 

16 

1060 

13 

1820 

11 

1680 

0 

1640 

7 

1400 

6 

8 

3200 

107 

3040 

61 

2880 

41 

2720 

30 

2660 

23 

2400 

18 

2240 

16 

2080 

12 

1020 

10 

1760 

8 

1600 

7 

10 

4000 

183 

3800 

76 

3600 

61 

3400 

38 

3200 

20 

3000 

23 

2800 

10 

2600 

15 

2400 

13 

2200 

10 

2000 

0 

12 

4800 

160 

4660 

01 

4320 

62 

4080 

46 

3840 

36 

3600 

28 

3360 

22 

3120 

18 

2880 

15 

2640 

13 

.2400 

10 

13 

6200 

174 

4040 

08 

4080 

67 

4420 

40 

4160 

38 

3900 

30 

3640 

24 

3880 

20 

3120 

16 

2860 

14 

2600 

11 

16 

6000 

200 

6700 

114 

6400 

77 

6100 

67 

4800 

43 

4600 

36 

4200 

28 

3900 

23 

3600 

10 

3300 

16 

3000 


17 

6800 

226 

6460 

120 

6120 

87 

5780 

64 

6440 

40 

5100 

30 

4760 

32 

4420 

26 

4080 

21 

3740 

18 

3400 

16 

18 

7200 

240 

6840 

136 

6480 

02 

6120 

68 

6760 

52 

6400 

41 

5040 

34 

4680 

28 

4320 

23 

3060 

10 

3600 

16 

20 

8000 

267 

7600 

162 

7200 

103 

6800 

76 

6400 

58 

6000 

46 

6600 

37 

6200 

31 

4800 

27 

4400 

21 

4000 

17 

26 

10000 

330 

0600 

100 

0000 

118 

8600 

05 

8000 

72 

7600 

58 

7000 

46 

6600 

38 

6000 

32 

6600 

26 

6000 

22 

30 

12000 

400 

11400 

227 

10800 

156 

10200 

113 

0600 

87 

9000 

70 

8400 

56 

7800 

46 

7200 

38 

6600 

32 

6000 

26 


TABLE B. HAULAGE CAPACITY OF ELECTRIC MINE LOCOMOTIVES EQUIPPED WITH STEEL-TIRED WHEELS 

This table givee the drawbar pull in pounds and the haulage capacity in tons for a given weight of locomotive on various grades, when e<^iipped with steel- 
tired wheels. A co-efficient of friction or 30 lb. per ion has been assumed on level track, and 20 lb. per t^n for each per cent, of grade. 


Grade 

Level . 

1% 

2% 

3% 

4% 

5% 

6% 

7% 

8% 

9% 

10% 


Draw¬ 

Haul¬ 

Draw- Haul- Draw- Haul- 

Draw¬ 

Haul- 

Draw- Haul- 

Draw- Haul- 

Draw¬ 

Haul- 

Draw¬ 

Haul- Draw- Haul- 

Draw- Haul- 

Draw¬ 

Haul- 

Loco. 

bar 

age 

bar 

age 

bar 

age 

bar 

*8® 

bar 


bar 

age 

bar 

age 

bar 

age 

bar 

age 

bar 


bar 


Wght.. 

PuU. 

(S[p.. 

PuU. 

Cap., 

PnU, 

Cap., 

PuU. 

Cap., 

PuU. 

Cap., 

PuU. 

Cap., 

PuU. 

Cap., 

PuU, 

Cap., 

PuU, 

Cap., 

PuU, 

Cap., 

PuU. 

Caiv 

tone 

lb. 

tone 

lb. 

tons 

lb. 

tons 

lb. 

tone 

lb. 

tone 

lb. 

tone 

lb. 

tone 

lb. 

tons 

lb. 

tone 

lb. 

tons 

lb. 

tone 

3 

1500 

50 

1440 

29 

1360 

20 

1320 

16 

1260 

12 

1200 

9 

1140 

8 

1080 

6 

1020 

6 

960 

4 

900 

4 

4 

2000 

70 

1920 

39 

1840 

26 

1760 

20 

1680 

15 

1600 

12 

1620 

10 

1440 

8 

1360 

7 

1280 

6 

1200 

6 

5 

2500 

84 

24C0 

48 

2300 

33 

2200 

24 

2100 

19 

2000 

16 

1900 

13 

1800 

10 

1700 

9 

1600 

8 

1500 

6 

6 

3000 

100 

2880 

58 

2760 

30 

2640 

29 

2620 

23 

2400 

18 

2260 

15 

2160 

13 

2040 

11 

1920 

9 

1800 

8 

7 

3500 

117 

336C 

67 

3220 

46 

3080 

34 

2940 

27 

2800 

22 

2660 

18 

2620 

15 

2380 

12 

2240 

11 

2100 

9 

s 

4000 

133 

8840 

77 

3680 

63 

3620 

39 

3360 

30 

3200 

26 

3040 

20 

2880 

17 

2720 

14 

2660 

12 

2400 

10 

10 

5000 

16tf 

4800 

06 

4600 

66 

4400 

49 

4200 

38 

4000 

31 

3800 

26 

3600 

21 

3400 

18 

3200 

16 

3000 

13 

12 

6000 

200 

6760 

116 

6620 

70 

6280 

69 

5040 

46 

4800 

38 

4660 

30 

4320 

25 

4080 

21 

3840 

18 

3600 

16 

18 

6500 

216 

6240 

126 

5080 

86 

o720 

63 

6460 

.60 

5200 

40 

4940 

33 

4680 

27 

4420 

23 

4160 

20 

3000 

17 

16 

7600 

260 

72C0 

144 

6000 

90 

6600 

73 

6300 

67 

6000 

46 

5700 

38 

6400 

32 

6100 

27 

4800 

23 

4500 

19 

17 

8600 

288 

8160 

163 

7820 

112 

7480 

83 

7140 

66 

6800 

62 

6460 

43 

6120 

36 

5780 

30 

5420 

26 

6100 

22 

18 

9000 

300 

8640 

173 

8280 

118 

7920 

88 

7560 

68 

7200 

66 

6840 

46 

6500 

38 

6120 

32 

6760 

27 

6400 

23 

20 

10000 

333 

0600 

102 

9200 

132 

8800 

98 

8400 

76 

8000 

62 

7600 

61 

7200 

42 

6800 

36 

6400 

30 

6000 

26 

25 

12500 

416 

12000 

240 

11500 

164 

11000 

122 

10600 

96 

10000 

77 

9500 

64 

9000 

53 

8500 

45 

8000 

38 

7500 

32 

30 

16000 

500 

14400 

287 

13800 

197 

13200 

146 

12600 

114 

12000 

92 

11400 

76 

10800 

63 

10200 

63 

9600 

46 

9060 

39 
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Minimum Sizes of Rails 

Minimum sizes of rail recommended for mine lo¬ 
comotives are given in the foHowdng table. The val¬ 
ues are approximate only, as the proper weight, or 
size, of rail that should be used is determined by the 
character of the road bed, the spacing of ties, and 
general construction. For average conditions in gen¬ 
eral mine and industrial service, rails of the follow¬ 
ing minimum sizes are recommended: 


Wwlalit of Locomotivi 
In Tons 

4 to 6 
6 to 8 
8 to 10 
10 to 13 
13 to 15 
15 to 20 


Wolaht of Ralls in 
Pounds Per Yard 

16 

20 

25 

30 

40 

50 


RELATION OF WHEEL BASE TO RADIUS 
OF MINIMUM CURVE 



The graphical statement of this relation given by 
the curves is .plotted from values obtained from a 
formula given in the Baldwin Locomotive Works* 
“Locomotive Data.** Experience has shown the val¬ 
ues to be safe ones for standard wheel, flange, and 
truck play. To insure that the curves will give safe 
results, the same gauge is assumed on curves as on 
tangent track. If a liberal “spread** is provided in 
the track at curves, the values of the curves for wheel 
base may be increased by from 10 to 25 per cent. 

ODurtMy W«fltlnffhouM Electric A MTr Co. 
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TRACK DATA, 


Track and Rail Data 


OOMPAmATXYB TJ 
or 2240 US. W 
TOMS or i 


OrosR Ton Net Ton 


m sxowzMO rmxoa zm omoss toms 
; OOBBBSrOMDZMO rBZCM ZM MMT 
I US. AMD rmzos rsB owr. 


ODmTATumB or tmaos mazu 



Middle Ordinates (O) for 
Curves of Various Radii (R), 
on Chords (C) of Various 
Lenirths. 


to 280 
to 260 
to 250 
to 186 


86 lb. 

40 lb. 

66 lb. 

60 to 76 lb. 
80 to 100 lb. 


Tons per mile required of following: weights per yard: 


per Yard 

12 lbs. 
16 lbs. 
20 lbs. 
25 lbs. 
30 lbs. 
36 lbs. 
40 lbs. 
46 lbs. 
50 lbs. 
66 lbs. 
60 lbs. 
66 lbs. 
70 lbs. 
76 lbs. 
80 lbs. 
85 lbs. 
90 lbs. 
100 lbs. 


Tons 2240 Lbs. 
per Mile 

18 

86 

26 

14 

31 

63 

39 

29 

47 

14 

65 

00 

62 

86 

70 

71 

78 

66 

88 

00 

94 

29 

102 

14 

110 

.00 

117, 

.86 

125. 

.71 

133, 

.67 

141. 

.43 

167, 

.14 


cmoss TZBS 

Per Mile 


Center to Center No. Ties 

18 Inches 3520 

21 inches 3017 

24 inches 2640 

27 Inches 2348 

30 Inches 2113 

SrZiZCM JOZMT8 

Per Mile 

Two bars to each Joint 

Ralls 20 feet long 628 Joints 
Rails 24 feet long 440 Joints 
Rails 30 feet long 852 Joints 
Rails 33 feet long 320 Joints 


BMVMZiB 

Bine In Znohes on Twelve Znohes 


Rise, 1 

Inches. 

Angle 

Per Cent. 

i 

1 

Sine 

Cos. 

Tan. 

Co tan. 


1* 

11' 

87" 

2 

1/12 

.0208 

.9998 

.0208 

48.0060 


2* 

23' 

8" 

4 

1/6 

.0416 

.9991 

.0417 

24.0000 


3* 

34' 

86" 

6 

1/4 

.0624 

.9981 

.0625 

16.0000 

1 

4* 

46' 

49" 

8 

1/3 

.0880 

.9966 

.0888 

12.0000 


6* 

66' 

49" 

10 

6/12 

.1036 

.9946 

.1042 

9.6020 


7* 

7' 

80" 

12 

1/2 

.1240 

.9928 

.1260 

8.0000 

1% 

8* 

17' 

60" 

14 

7/12 

.1448 

.9896 

.1468 

6.8648 

2 

9* 

27' 

44" 

16 

2/3 

.1644 

.9864 

.1667 

6.0000 

2 % 

10* 

37' 

11" 

18 

8/4 

.1843 

.9829 

.1876 

6.3888 

2% 

11* 

46' 

6" 

20 

6/6 

.2089 

.9790 

.2088 

4.8009 

2% 

12* 

64' 

27" 

22 11/12 

.2234 

.9747 

.2292 

4.8680 

8 

14* 

2' 

10" 

26 


.2425 

.9702 

.2600 

4.0000 


moa AMD 8WZTOK DATA 
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rBAO TZOAI i BDU rOBDBTBBMZMZMCI TBB BUVATZOM 
or OTTTBB BAZD Or ODBVB. 8TAMDABD OAOB, 4' SH** 

For a train velocity of 10 miles an hour, stretch a 16-foot 
string, or tape, on the inside of the curve of rail. The distance 
between the rail and the middle point of the string will be the 
proper elevation of the outer rail. 

For 16 miles an hour use a 24 ft. string 

For 20 miles an hour use a 32 ft. string 

For 26 miles an hour use a 40 ft. string 

For 80 miles an hour use a 48 ft. string 

When the track gage is 36 inches: 

For 10 miles an hour use a 12^ ft. string 

For 15 miles an hour use a 18% ft. string 

For 20 miles an hour use a 25 ft. string 

For 25 miles an hour use a 31% ft. string 

For 30 miles an hour use a 37% ft. string 


i Spread ' Frog 
Per Foot i Angb 


RADIUS CURVE IN FEET 

range I Gauge 1 Gauge | Gauge I Gang 
0^"l8* 6^ 13* 8^14^ 0^14*8% 


lisa's 43 

Ills 


12" 

63* 

0' 

6 

00 

7 

00 

7 

.88 

8 

.00 

9 

.41 

9H" 

48- 

40' 

9 

86 

10 

93 

11 

11 

12 

.60 

14 

.68 


86* 

62' 

18 

60 

16 

76 

16 

60 

18 

.00 

21 

.19 

6%" 

31* 

68' 

18 

31 

21 

44 

22 

44 

24 

.42 

28 

.74 

6" 

28* 

04' 

24 

00 

28 

00 

29 

88 

32 

.00 

87 

66 

6 11/32* 

26* 

08' 

80 

87 

86 

44 

87 

12 

40 

.60 

47 

67 

413/16- 

22- 

87' 

87 

50 

43 

76 

46 

83 

60 

00 

68 

86 

3%*^ 

20* 

87' 

45 

37 

62 

94 

65 

44 

60 

£6 

71 

71 

4" 

18* 

66' 

64 

00 

63 

00 

66 

00 

72 

00 

84 

76 

811/16- 

17* 

30' 

63. 

37 

78. 

94 

77. 

,87 

84. 

.60 

99. 

.46 

316/32- 

’ 16* 

16' 

1 73. 

.50 

86. 

,76 

90. 

.00 

98. 

.00: 

116. 

.27 

8 3/16" 

16* 

11' 

84. 

37 

98. 

44 

107. 

,21 

116, 

.96: 

187. 

,67 

3" 

14* 

16' 

96. 

.00 

112. 

.00 

117. 

.88 

128. 

.00; 

160. 

.66 

2 27/82- 

’ 18* 

26' 

108. 

.37 

126. 

.48 

132. 

.46 

144. 

.60; 

169, 

.79 

2 21/82- 

12* 

41' 

121. 

.50 

141. 

.76 

148. 

.60 

162, 

.00: 

190. 

.60 

218/82- 

' 11* 

26' 

160. 

.00 

176. 

.00 

183. 

.88 

200. 

.00: 

235. 

.40 


121.50 141.75 148.60 162.00 190.60 10' 0* 
1160.00 176.00 183.83 200.00 286.40 10' O*' 

Courtesy Helmick Fdy. A Machine Co. 
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TRACK DATA. ^27 


ELEVATION OF RAIL ON CURVES 


The superelevation of the outer rail to allow for 
the centrifusral force of running cars at a velocity 
of 6 miles per hour, and a 30-inch gage track, should 
be as follows: 


For a 40 foot radius curve. 1% inch 

For a 60 foot radius curve. 1% inch 

For a 60 foot radius curve. inch 

For a 80 foot radius curve. 1 inch 

For a 100 foot radius curve.. \ inch 

For a 160 foot radius curve. inch 

For a 200 foot radius curve. % Inch 


This superelevation- varies directly as the gage, 
so that if the gage is 40 inches the superelevation 
would be 40/30, or 4/3, times as great as that shown 
in the table. 

The superelevation also varies as the square of 
the velocity; thus, if the velocity is 12 miles per 
hour, instei^ of 6 miles per hour, for which speed 
the table was computed, the superelevation would 

be , or four times as great. 

From “Location and Construction of Mine Tracks/* 

by J. McCrystle. 


SPECIMEN FORM SHEET FOR TRACK 
MATERIAL 

(Znfonnatlon Desired by llannfaotiirers) 

Give the following data when sending inquiries 
for track material: 

Height of rail. 

Weight of rail. 

Distance from end of rail to center of first splice 
hole. 

Distance from center of first splice hole to center 
of second splice hole. 

Angle in degrees and minutes or number of 
Frog. 

Length of switch points.. 

Gauge of track. 


EXPANSION OF RAILS 


Where rails are laid underground, the small 
variations in the temperature will not require any 
allowance at the joints for expansion; when they 
are laid on the surface, however, the space left for 
the expansion of 30-foot rails should be as follows: 


Temperature when rail is 
laid 

24 deg. and less.... 
26 deg. to 49 deg... 
50 deg. to 74 deg... 
76 deg. to 94 deg... 
96 deg. and over... 


Space to be allowed 
for expansion 
... inch 
■ft inch 
... % inch 

... tV Inch 
... 0 


From “Location and Construction of Mine Tracks,** 

by J. McCrystle. 


SIMPLE RULES FOR MEASURING FROGS AND TURN-OUTS 


To Find the Number of a Frog 

The number of frog is the same as the number 
of feet ((measured along center line of frog) in 
which it spreads one foot, or the number of inches 
in which it spreads one inch. For instance, a No. 10 
frog spreads one inch in ten inches of length. 

Then, to find the number of a frog, place a rule 
on the head of the point rails where the point is 
two inches wide from gauge side to gauge side. 


mark that place as at A, then move the rule back 
towards the heel of the frog until the head 
measures three inches wide, and mark this place as 
at B. The distance in inches between the two 
marks is the number of the frog. As a check uiwn 
this measure the spread of the frog at heel (which 
is the distance from gauge side to gauge side of the 
head of the rails) and the spread of the frog at toe; 
add the two spreads together and divide the length 
over all of the frog by the sum; the result is the 
number of the frog. 
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328 LOCOMOTIVES. 


GEO D. WHITCOMB CO. 


GEO. D. WHITCOMB COMPANY 

Main Office and Works 

ROCHELLE, ILLINOIS, U. S. A. 

Sales Representatives in All Principal Cities 

Trolley Locomotives 


Products 

Trolley Locomotives from 3-ton to 20-ton oper¬ 
ating either with or without crab reel. Made in 
all gauges from 18" to 60". Storage Battery Loco¬ 
motives, see Pages 340 and 341. Gasoline Loco¬ 
motives see Pages 344 and 345. 


ConstructicHi 

THE MOTOR—Without question, the greatest 
advance in vehicle motor desi^ has been accom¬ 
plished in this type of locomotive. Realizing that 
the motor is the heart of the unit, our engineers 
made a most exhaustive study to develop a power 
plant that would respond quickly and steadily. This 
they have accomplished. The case of this motor 
is of Electric Dynamo Steel, made in two sections 
to allow quick accessibility. The field coils, con¬ 
structed of the best of materials, are secured to 
the case by cap screws, thus allowing easy replace¬ 
ment. The brush holders are of heavy bronze and 
are, because of inspection plates located on the case 
at each point of brush contact, easily reached. 

The brushes are of carbon of standard design 
and because of the brush holder design, are easily 
removable. The armature is of the Ironclad type, 
mounted at both ends on oversize ball bearings. 
The core is of laminated steel construction. The 


coils, made of fiat ribbon wire, are hung below the 
face of the core and are imbedded and wedged below 
the surface. The commutator is of drop-forged 
copper with the best of mica insulation, slightly 
undercut to allow free brush contact. Particular 
note should be taken of the commutator size. This 
increase in area, together with the additional brush 
contact, gives this motor a very favorable charac¬ 
teristic,—namely, low temperature. This is found 



Trolley Liocomotive 


of great advantage, because of the absence of those 
faults accompanying an over-heated commutator. 
Of no less importance is complete accessibility. 
By removing the top section of the case, the arma¬ 
ture may be lifted out without disturbing other 
parts of the locomotive, or, if desired, the entire 
motor can be taken out in a very short time, like¬ 
wise without disturbing other parts of the locomo¬ 
tive. Perhaps the greatest advantage of this mo¬ 
tor is its higher speed than other designs. The 



Top of Trolley Pole Eocomotive With Motor Housings Removed 
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GEO. D. WHITCOMB CO. 


TROLLEY LOCOMOTIVES. ^29 


additional power and constant torque thus acquired 
is of no mean advantage in operation. The fact 
that this motor is built and tested in our own shops 
under the most rigid inspection, gives it the stamp 
of quality. 


WORM GEAR AND WORM WHEEL—The 
drive from the motor is direct from the armature to 
the worm gear by means of a tongue and groove 
coupling. This worm gear is so mounted on twin 
or duplex type ball bearings that any thrust load is 
imm^ately taken care of. In direct contact with 
the worm gear and located on the axle is a bronze 
worm wheel. These units are enclosed in a steel 
case, carried on the axle by means of heavy duty 
ball bearings, the result being that the worm gear 
and worm wheel are always in proper relation, 
thus preventing sag and undue wear. This case is 
constantly filled with oil, and arrangement is made 
for re-oiling without disturbing or removing any 
parts of the locomotive. The fact that the power 
plant or motor and the worm drive are of unit con¬ 
struction gives a transmission efficiency of over 
90%. Such efficiency is possible only in the Whit¬ 
comb Worm Drive construction. 


AXLES AND WHEELS—^The axles are of 
chrome vanadium steel and are carried in journal 
boxes on heavy duty bronze bearings. The wheels 
are of large diameter with cast centers and steel 
tires. Hie use of large diameter wheels, made 
possible by the high speed motor and reduction 
through the worm gear and wheel, gives an unusual 
track clearance. 



Accessibility of Motor Showing Armature Being Removed 


FRAMES AND BUMPERS—^The frames are 
built of universal mill sheets and structural shapes, 
having an average ultimate tensile strength of 
60,000 pounds per square inch. The bumpers are 
of heavy casting with pockets allowing variable 
draw bar heights. The chassis is suspended on the 


axle or journal boxes by means of coil springs on 
the driving end and on the other end an equalizer 
spring held centrally on the chassis by a king bolt, 
with each end bearing on the journal box. The re¬ 
sult of this three'point suspension is constant ndl 
contact, as it allows the locomotive to run over un¬ 
even track, taking up the tilting through this 
method of suspension. 



Wheels and Motor 


SANDER MECHANISM—Proper provision is 
made for sanding any of the wheels from the op¬ 
erator's seat. 


CONTROLLER—^The controller is of the stand¬ 
ard drum type, with a removable case, allowing ad¬ 
mission to the contacts and fingers. 


TROLLEY POLE!—^The trolley pole is of stand¬ 
ard design supported in an improved t 3 i>e base 
which is so designed as to prevent binding or jump¬ 
ing of the trolley pole. 


ELECTRICAL FITTINGS—Every connection is 
made by heavy copper socket terminals, which 
allow quick and easy connection. The wiring is 
all heavily insulated and so placed as to be con¬ 
veniently inspected. Each locomotive is equipped 
with headlights of the indestructible type. 


SFBOnOATIOVS OF FIOKT-TOV DOUBUMOTOB 
DOVBU WOBK TBOBUT BOOOlKOTZVa 


Gauge . 

24" 

36" 

40" 

44" 

48" 

Length . 

158" 

158" 

158" 

158" 

158" 

Width. 

48" 

60" 

48" 

51" 

55" 

Height Over Frame. 

35" 

35" 

35" 

40" 

35" 

36" 

Height Trolley Down. 

40" 

40" 1 

40" 

40" 

Wheel Base . 

50" 

50" 

50" 

50" 

60" 


24" 

1 

24" 

24" 

24" 

24" 

Wheels .j 


Draw Bar Height—All Gauges—5%*, 8*. 10%', IS' 15%’, 18*. 
Dimensions on any size up to 15 ton gladly furnished on request. 


mining catalog 
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^^0 TROLLEY AND STORAGE BATTERY LOCOMOTIVES. GENERAL ELECTRIC COMPANY. 


GENERAL ELECTRIC COMPANY 

General Office: SCHENECTADY, N. Y. 

Sales Representatives in All Principal Cities 
For Complete List of Offices, See Page 239 

Manufacturer of 

Complete Electrical Equipment 




Products 

For description of other products made by the 
General Electric Company not shown in the Haul¬ 
age Section see the Electrical Equipment Section, 
pages 239 to 247. 

Mine Haulage Locomotives 

The General Electric Company has been en¬ 
gaged in the manufacture of mine locomotives for 
the past thirty years, and as evidence of durable 
construction can point to some of the first loco- 
tives built, which are still in active service. This 
is proof that the Company appreciates the severe 
conditions of mine service, and builds locomotives 
that will stand up under most trying conditions. 
General Construction 

The two-motor locomotive for sizes under 25 tons 
has come to be recognized as the standard type for 
mine work. There are two forms of this type, the 
selection of which is determined by the mine condi¬ 
tions. One has the wheels placed inside the frames 
and the other has the wheels outside the frames. 



G-E Mining Locomotive, Hollister Mining Company, 
Crystal Falls, Mich. 


The outside frame type allows the maximum 
space between the wheels for motors and other 
equipment and gives more cab space for the motor- 
man. With the outside frame trolley type locomo¬ 
tives the weight is supported from the journal 
boxes by substantial semi-elliptic leaf spring. An 
equalizer bar between the springs transmits the 
change in wheel load due to uneven track. This re¬ 
duces the chances for derailment and increases the 
available traction by having the weight more 
equally distributed on all wheels. The riding qual¬ 
ities are improved, which reduces wear on the tra^ 
and adds to the comfort of the motorman. With 
this construction the high clearance of the frame 
permits access to the lower part of the wheel, re¬ 
railing devices may be put into position, and the 
locomotive readily put back on the track. 

The inside frame finds application particularly 
where the side clearance in the mine will not permit 
the width of the outside frame type. 

Bulletin 64202 describes more in detail these 
constructional features of trolley type units for 
main line haulage. 

SECTIO.V VII 


Electric Industrial Locomotives 

For work in and about smelting and refining 
plants and mills and quarries, electric locomotives 
have come into extensive use. For hauling raw 
materials or for convenient handling of ladle cars, 
etc., either the trolley or third rail type is suitable. 
In some plants the storage battery locomotive is 
used for hauling the finished products to the stor¬ 
age sheds and for miscellaneous transportation. 

G-E Locomotives of all three types are repre¬ 
sented in many such installations. Bulletin 44251 
describes and illustrates units in service in several 
different industries, including steel plants, ore 
docks, smelters and refineries and quarries. 



G-E Storage Battery Locomotive, Baltimore Copper 
Smelting and Rolling Company, Baltimore, Md. 


storage Battery Locomotives 

The storage battery locomotive has in a few 
years won a lasting place in mining work. Its use 
is advocated wherever the conditions of haulage 
are favorable. G-E Storage Battery Locomotives 
were among the first in this field, and their success 
in meeting various conditions has demonstrated 
their correctness in design and principle. The op¬ 
portunity is solicted for G-E engineers to advise 
with you on the selection of this type of locomotive. 
(Bulletin 64201.) 

Every G-E locomotive is designed to meet the 
requirements and necessitates engineering recom¬ 
mendations. The following tabulated data, apply¬ 
ing to commonly used types, will ©ve an idea of 
the specifications on storage battery units which 
have been built. 


Approx. Wt. 
with Battery, 
Tons 

Type 

No. of 
Motors 

o 

bo 

3 

c6 

0 

a 

Xi 

Pu 

Q 

MPH at 
Rated DBF | 

Battery Capac¬ 
ity, K.W.H. 1 

Brakes 

5 

LSB-2r8 

1 

1 2 

1 56% 

3200 

3% 

48* Hand 

10 

LSB-2C10 

1 2 

156% 

3600 

4% 

541 Hand 

15 

LSB-2C15 

1 2 

1 56% 

4800 

5 

071 Hand, Straight Air 

25 

LSB-404-E50I 4 

1 56% 

9000 

5 

1341 Hand, Straight Air 

40 

LSB-404-E80i 4 

I 56% 

14500 

1 

5% 

2161 Hand, Straight Air 
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GENERAL ELECTRIC COMPANY. CHARGING EQUIP’T & LOCOMOTIVE ACCESSORIES, 


Battery Charging Equipment 

Storage battery charging equipment is, of 
course, a necessary accessory in connection with 
the operation of storage battery locomotives. This 
Company manufactures battery charing appa¬ 
ratus of all types. Equipment for mine use is 
usually motor generator outfits with, charging 
panels. 

Individual charging motor generator sets are 
designed to regulate the current and taper the 
charge of a single battery. These sets can be in¬ 
stalled for operation in multiple, the same as a ^ 
circuit generator and panel. 



Battery Charging Set and Panel In Operation 


Motor-generator sets for simultaneously charg¬ 
ing two or more batteries in multiple are made for 
operation from either 2- or 3-phase, 60 cycle circuits 
in standard voltages. Special sets for operation on 
other voltages or for operation on direct current 
are also made. The control panels for these sets 
are necessarily different from those for individual 
battery charging sets in order that different de¬ 
grees of discharge may be properly handled. 
(Bulletin Y-1364.) 


The Form H3 medium-powered headlight, de¬ 
signed for small haulage locomotives, is usually 
equipped with a 36-watt incandescent lamp with 
which its fixed focus places the pick-up distance at 
from 260 to 300 feet. Its specially-prepared glass 
reflector retains reflecting power indefinitely and 
does not become scratch^ and tarnished. Shock 
absorbers guarantee long life to bulbs. (Booklet 
B-3636.) 

Renewal Parts Service 

The General Electric Company maintains an 
exceptional repair part service for all mining appa¬ 
ratus. In the case of 
mine locomotives this 
service is expedited by the 
use of a special renewal 
parts catalog compiled for 
each locomotive. These 
catalogs contain all the in¬ 
formation required for the 
correct ordering of any re¬ 
pair part. Delays incident 
to possible misunderstand¬ 
ing of orders are thus 
eliminated. 

One of these catalogs 
is furnished with each lo¬ 
comotive, and extra copies are gladly made up for 
persons in the customer’s organization who are 
charged with the upkeep of equipment. 

RaUway Line Material 

This Company offers mining companies a com¬ 
plete line of devices used in the construction of 
trolley systems and track return. This includes 
pole brackets, suspensions and clamps of various 
types, strain and feeder insulators, splicing sleeves, 
trolley frogs and crossings, section switches and 
insulators, turn buckles, rail bonds, bonding 
tools, etc. 



Mine Locomotive Headlights 

The headlight of a mine locomotive is an im¬ 
portant part of its equipment. It must be so de¬ 
signed that the spread of light is over a wide range; 
it must be powerful enough to penetrate fog, dust 
and smoke, and “pick up” objects at a considerable 



Form H-4 Mining Type 
Incandescent Headlight 


K - M 3 Mine Type Headlight 


distance to give the operator sufficient time to 
bring the locomotive to a stop without jar or shock 
when necessary to avoid accidents; it must be dust- 
proof and moisture-proof; and it must be pTOtected 
against falling objects and rough handling incident 
to mine work. The construction of G-E mine loco¬ 
motive headlights is such that they meet the above 
requirements. 


Special forms of these devices have been devel¬ 
oped to meet the special conditions of mine prop¬ 
erties, such as mine clamps, which, at no sacrifice 
of holding power, are designed to save headroom. 
The Form W clamp is designed to take either 
grooved or Figure 8 trolley wire or round feeder 
wire, so that a feeder supplying current to electric 
mining machinery can be replaced later with trolley 
wire, using the same clamps. 

Electric oven sherardizing, a special G-E pro¬ 
cess, is the standard finish for all iron and sted 
parts. Japan finish can be furnished for use where 
devices are subject to the deteriorating effects of 
acids. 

Rail Bonds—G-E Welded Bonds have steel faces 
expertly arc welded in the factory to drop forged 
copper terminals. Thus a track Welder merely 
makes the perfect steel weld he is used to, and the 
bond becomes an integral part of the track—^wiping 
out the joint. Welding equipment can also be fur¬ 
nished. 

The Company will gladly submit recommenda¬ 
tions showing how best to meet any bonding 
conditions. Submit your problem to the nearest 
G-E Sales Office. 
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EJLECTRIC LOCOMOTIVES. 


THE JEFFREY MANUFACTURING CO. 


The Jeffrey Manufacturing Company 

959-99 North Fourth Street, COLUMBUS, OHIO 


TTPB WZBB OmCBS 

New York City, Room 2008, 30 Church St. Pittsburgh, Pa., 2111 Farmers Bank Bldg. Chicago, Ill., 868 McCormick Bldg. 

Phone Cortlandt 5417 or Cortlandt 7241 Phone Grant 407 Phone Harrison 8008 

Telephone any of the type-wire offices mentioned above, and your request for Jeffrey Products or Service will be 
at once typed over our own private wire to Columbus, and the information given you quickly and without extra cost 


Products for Metal Mines, Mills, Smelters, Quarries, Etc. 

Locomotives—^Trolley, Storage Battery, Combination; Dryers—Coal, Concentrate, Ore, Rock, Sand; 
Chain and Cable Car Hauls; Skip Hoists; Chutes; Chute Gates; Gears and Pinions—Mitre, Bevel and 
Spur; Sand and Gravel Handling Equipment; Loaders — Wagon, Truck, Portable; Crushers; Crusher 
Rolls; Crushers and Grinders; Pulverizers, Swing Hammer; Drills—Air, Steam, Electric (Rock); Coal¬ 
ing Station Equipment; Loading Booms; Loading Machines; Quarry Machinery; Rolls and Teeth, 
Crushing; Balls—Grinding; Castings—Malleable Iron; Linings—Ball and Tube Mills (Metal and Silica) ; 
Screens—Shaking; Sprockets; Storage Systems—Coal; Tables—Picking. 

Jeffrey Electric Locomotives for Metal Mines 

The Jeffrey Locomotives illustrated and described on this page are desired and built to meet the 
conditions of heavy haulage service for handling ore, rock, or other material on narrow gauge tracks 
in metal mines. 




Lower Illustration 
30 H. P. motor 
mounted on wheels 
and axles. 


Tandem Unit of Jeffrey 6-Ton Locomotive in¬ 
stalled in the mines of the Arizona Copper Com¬ 
pany, Morenci, Arizona. Each unit equipped with 
two 30 H. P. motors and airbrakes. Can be built 
for 18" gauge or wider. 


Showing method of 
mounting motor for nar¬ 
row gauge track. 


30-H. P. Motor, mounted on special cast steel bracket with intermediate gear between armature 
pinion and gear on the axle, permits of large motor capacity for 18" gauge. 


szumom 


Weight 

VODS 

Num¬ 
ber of 
Mo¬ 
tors 

H. P. 
Each 
Motor 

DRAW BAB PULL 

WIDTH OVERALL. (Gauges) 

Length 

Orer 

Frame 

Height 

Orer 

All 

Min. 

Height 

Troller 

Wire 

Wheel 

Baas 

Dlam. 

Wheels 

Diaa. 

Axles 

C. I. Wheels 

Steel Wheels 

18" to 
20" 

20%" to 
23" 

24" to 
30" 

30%"to 

36" 

36% "to 
42" 

42%"to 

48" 

#6H' 

Bated |8tartlJtC| 

Bated iStartlDc 

B 

n 



2000 



41%" 

44%" 






1 11'7" 

52" 





mm 

WM 



3000 



41%" 

44%" 






11'7" 

55" 






Wm 



2000 


2400 



44" 

50" 

56" 

62" 

70%" 

»'5" 

36" 






■I 














40" 





6 

D 



8000 

3000 

3600 

1 


46" 1 

52" 

58" 

64" 

72%" 1 

1 10'2" 

1 

39" 






To get lengrth over all add 30" to length of frame for couplers or special hltchings. 
To get length over all add 16" to length of frame for small cast bumpers. 


Where haulage conditions require a greater weight of locomotive than the 4 or 6 ton size on narrow 
gauges, it is necessary to connect two locomotives in tandem, making either an 8-ton unit or a 12-ton 
unit. These locomotives can be equipped with straight air brake equipments where haulage conditions 
require it. 
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THE JEFFREY MANUFACTURING CO. 


ELECTRIC LOCOMOTIVES, 


Jeffrey Locomotives For Metal Mines 



4 -Ton Electric Locomotive. Built to operate on 4-Ton Electric Locomotive. Built to operate on 
24" gauge with inside wheels or 86" with outside 36" gauge outside wheels or 24" gauge inside 
wheels. wheels. 

To change from one gauge to the other requires new wheels and axles and* journal boxes only. 


smmnom 


Welcfat 

liODf 

1 

Number 

of 

Moton I 

H. P. 
Each 

Motor 

DRAW BAR PULL | 

WIDTH 


Height 

Over 

Min. 

Height 

TroUey 

Wife 

Wheel ^ 

Base 

Dlam. 

Wheels 

Dlam. 

Axles 

C. I. Wheels 

Steel Wheels | 

18" 10 20" 

1 Gauce 


Rated | Startlnf 

Rated 1 Startlnc 

4 

2 

1 20 

1 1600 2000 1 

1 2000 1 2400 1 41'' 

I 42" i 

1 8'-4" 

1 40» 

42" 

33" 

24" 

3%" 




Jeffrey Storage Battery Locomotives for Metal Mines Furnished for Ganges from 18" to 42^' 

The Jeffrey Storage Battery Locomo¬ 
tives built for narrow gauges are equipped 
with a motor known as M.H.108, mounted 
with the armature shaft lengthwise of the 
locomotive and drives the axle directly 
through single reduction worm and worm 
wheel gearing. 

This arrangement permits of a larger 
and more efficient motor equipment on 
narrow gauges than would be possible 
with a motor mounted between the wheels 
with the armature shaft cross-wise of the 
locomotive. The worm wheel has a high 
mechanical efficiency, is noiseless and per¬ 
mits the locomotive to coast with perfect 

Jeffrey 6000 lib. Chassis Storage Battery LK>comoUye Haullntr Ore ease.. 

smamaoss stobaob BATrasT booo mo t i vb s looo us. dbaw-bu fvu at sa ik.b.m. 

TnMm WI&mIs 


Weight 

or 

Batlerr 

Equipment 

Listed 
Weight 
of 1 
(Battery 

1 

BATTERY 

CAPACITY 

1 

1 WIDTH OF LOCOMOTIVE 

Width of 
Battery 
Box 

Length 

Over 

Btimp- 

en 

Height 

of 

Frame 

Above 

RaU 


Wheel 

Base 

Diam¬ 

eter 

of 

Wheels 

Dlaractpr 

of 

Axles 

Type and 
Class of 
Motors 

Na 1 
of 
Mo¬ 
tors 

1 

Ton 

MUes 

Level 

Track 

K. W. 

] Hours 

1 1 
1 Ampere 

1 Hours 

1 

18" to 

1 23%" 

1 Gauge 

1 

1 24%" to 
29%" 

1 Gauge 

1 30" to 
35%" 

1 Gauge 

36" to 
42" 
Gauge 

Abore 

42" 

Gauge, 

Add 

6000 

80 A-4 

1230 

14.4 

150 

38% 

44% 

50% 

57 

15 

30% 

“ll'O" 

25 

43% 

36 

18 

3% 

M H. 108 

2 

180 

6000 

80 A-5 

1450 

18 

187.5 

38% 

44% 

50% 

57 

15 

35% 

11'6" 

25 

43% 

36 

18 

1 3% ' 

M.H. 108 

1 2 

220 

6000 

80 A-6 

1670 

21.6 

225 

39% 

44% 

50% 

57 

15 

39% 

11'6" 

25 

43% 

36 

18 

’ 3% 

M.H. 108 

2 

270 

6000 

48 MV-9 

1700 

12.86 

136 

39 

44% 

50% 

57 

15 

31% 

ll'O" 

25 

44% 

36 

18 

3% 

M.H. 108 

2 

160 

6000 

48 MV-11 

1890 

16.08 

170 

45% 

45% 

50% 

57 

15 

45% 

ll'O" 

25 

44% 

36 

18 

3% 

M.H. 108 

2 

200 

6000 

[ 48 MV-13 

2460 

19.29 

204 

45% 

45% 

50% 

57 

15 

45% 

ll'O" 

25 

44% 

36 

18 

3% 

M.H. 108 

2 

240 

6000 

48 MV-15 

2810 

22.51 

238 

45% 

45% 

50% 

57 

15 

45% 

11'6" 

25 

44% 

40 

18 

3% 

M.H. 108 

2 

280 

6000 

48 WML'll 

1645 

14.6 

155 

45% 

45% 

50% 

57 

15 

45% 

ll'O" 

25 

44% 

36 

18 

3% 

M.H. 108 

2 

195 

6000 

1 48 WML-13 

1920 

17.6 

1 186 

45% 

45% 

50% 

57 

15 

45% 

Ill'O" 

25 

! 44% 

36 

18 

3% 

|M H. 108 

2 

220 

6000 

48 WML-15 

2185 

20.5 

217 

45% 

45% 

1 50% 

1 57 

1 

15 

1 

45% 

11'6" 

25 

1 44% 

40 

18 

3% 

M.H. 108 

2 

256 
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ELECTRIC LOCOMOTIVES. 


GOODMAN MANUFACTURING CO. 


GOODMAN MANUFACTURING CO. 

General Office and Works 

Halsted and 48th Sts., CHICAGO, ILLS. 

ELECTRIC MINING MACHINERY 

BRANCH OFFICES AND REPRESENTATIVES: 


NEW YORK, N. T.—511 Fifth Ave. 
PITTSBURGH, PA.—Farmers Bank BldiT. 
CINCINNATI, O.—705 Union Trust Bldg. 
CHARLESTON. W. VA.—Union Bldg. 
BIRMINGHAM. ALA.—Brown-Marx Bldg. 


ST. LOUIS, MO.—Boatmens Bank Bldg. 
DENVER, COLO.—Boston Bldg. 

LONDON. ENGLAND—36-38 Kings way, W.C. 2 
CALCUTTA, INDIA—4 Falrlie Place 
PARIS, PRANCE—7 Rue Nouvelle 


. ALA.—Brown-Marx Bldg. PARIS, PRANCE—7 Rue ^ 

TOKIO, JAPAN—24 Unemecho Kyobashl-ku 

Haulage and Tramming Locomotives 







WUmilElLTi) 


CHAMPION COPPER CO. 


INTCBUnOWl nUVQTER COMPANY 


Products 


Electric Locomotives of the 
following tsrpes: 


Trolley. 

Reel-and-Trolley. 
Storage Battery. 
Trolley and Battery. 


COMF 


ION 


There’s a Goodman locomo¬ 
tive for every operative condi¬ 
tion. 


The range of types, sizes, 
equipment, etc., is so great that 
adequate specifications covering 
all requirements are impossible 
here. 


We make recommendations 
only on analysis of conditions, 
and we quote only on what we 
know will give satisfactory 
service. 


Locomotives for gauges 18" 
and wider. 


Trolley locomotives with elec¬ 
tric cable reels for avoiding the 
stringing of trolley wire into 
places where its presence is un¬ 
desirable or its maintenance dif¬ 
ficult. 

Small-dimension locomotives 
for transfer from level to level. 


Other special provisions for, 
special situations. 
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AMERICAN STEEL & WIRE CO, 


RAIL BONDS. 


m 


AMERICAN STEEL & WIRE CO. 


CHICAGO. 

NEW YORK. 

WORCESTER. .. . 

BOSTON. 

PHILADELPHIA 
PITTSBURGH. . . 

BUFFALO. 

DETROIT. 

CINCINNATI_ 


SALES OFFICES 


208 So. La Salle Street 

.30 Church Street 

.94 Grove Street 

....185 Franklin Street 

.Widener Building 

.Frick Building 

.337 Washington Street 
.. .Foot of First Street 
..Union Trust Building 


CLEVELAND.Western Reserve Building 

BALTIMORE.32 So. Charles Street 

WILKES-BARRE, PA_Miners Bank Building 

ST. LOUIS—Liberty Central Trust Company Bldg. 

KANSAS CITY.417 Grand Avenue 

ST. PAUL-MINNEAPOLIS.Pioneer Bldg., St. Paul 
OKLAHOMA CITY... 1st National Bank Building 

BIRMINGHAM, ALA.Brown-Marx Building 

DENVER.1st National Bank Building 

SALT LAKE CITY.Walker Bank Building 


Export Representative: U. S. Steel Products Co., New York 
Pacific Coast Representative: U. S. Steel Products Company 
San Francisco Los Angeles Portland Seattle 


ARC WELD RAIL BONDS 


Products 


We stock Bonds, Welding Machines, Arc-Welding Electrodes, Welding Masks and 
necessary equipment ready for immediate shipment. 



Shields and all 


AS & W STEEL TERMINAL BONDS 



Type AC Bond for application to rail base where fish plates are 
used. This bond is short, usually furnished lOV^" in length in 
sizes 3/0 and 4/0. 



These welded terminals cannot corrode or become loose. 
They are easily installed by a small portable welding machine 
weighing but 45 lbs. and having no moving parts. This 
machine may be used for any welding work around the mine. 


Type AA-5 Bond Applied Under Base of Rail. 
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0^0 STORAGE BATTERY LOCOMOTIVES. 


THE ATLAS CAR & MANUFACTURING CO. 


The Atlas Car & Manufacturing Company 

Factories and General Offices 

CLEVELAND, OHIO, U. S. A. 

1100 to 1150 Ivanhoe Road 


Branch Offices Located at 


Philadelphia.20 South 15th St. 

New York.Woolworth Bldg. 

Pittsburgh...Benedum-Trees Bldg.; House Bldg. 
Ironton, 0.2509 South 4th St. 


Chicago.53 W. Jackson Blvd. 

Birmingham, Ala.419 American Trust Bldg. 

San Francisco.Merchants Exchange 

Los Angeles.San Fernando Bldg. 


Engineers—^Manufacturers 


Products 

Storage Battery Locomotives; Trolley Locomo¬ 
tives; Combination Locomotives; Cars for every 
purpose; Skips; Dumping Buckets; Mine Cages; 
Hot Metal Cars; Ingot Cars. Also Small Gasoline 
Locomotives. 

Storage Battery Locomotives 

Atlas Storage Battery Locomotives are made in 
five standard types to suit all usual conditions of 
haulage, but special machines can be designed and 
built to meet special requirements. 

Type C Locomotive 

This type is suitable for light hauls and narrow 
track gauges. It is the most compact storage bat¬ 
tery locomotive on the market. It is built in 2 and 
2V^-ton sizes for any track gauge wider than 18". 
Machine is 37" high. 

Machine is driven by means of one motor which 
is mounted in a three point equalizing support 
directly connected by means of a flexible joint to 
a gear reduction mounted on ball bearings in an oil- 
tight housing. The reduction from the gear to the 
axle is by means of chains. 



Type C Locomotive 

Drive Unit 

The Atlas Drive Unit has the axle gears 
mounted between the bearings in a heavy housing 
which protects the gears and provides adequate 
lubrication for the gears and bearings. The gears 
are held in proper mesh at all times, and as all 
bearings are ball bearings, this drive is highly 
efficient and has earned the slogan, “The Drive You 
Cannot Break.” 



The All-Spur Gear Drive 


Type A Locomotive 

Type A Locomotive is of heavy type and is built 
in all sizes from 3 to 10 tons. As the frame is 
outside of the wheels, the machine can be adapted 
to narrow track gauges. This machine is 45" high. 

Type A Locomotive has two driving motors, one 
geared to each axle by means of spur gears 
mounted on full ball bearings. The gears are of 
the Tool Steel brand and the drive housing is 
patented. 



Type A Locomotive 


Engineering Service 

Atlas engineers are at your service at all times 
to assist you to determine exactly what type of 
locomotive is most suitable for your conditions. 
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THE ATLAS CAR & MANUFACTURING CO. 


CARS, CAGES AND SKIPS, 


THE ATLAS CAR & MANUFACTURING CO. 

Cleveland, Ohio 

Manufacturers of Industrial Railway Cars and 
Accessories for the economical handling of material 
in and around mills, mines and quarries. 

Cars of various types and sizes of standard or 
special designs to suit the particular conditions for 
which they are required. Trolley or Storage Battery 
Driven Cars- can be supplied if preferred. 

Dumping Buckets of various descriptions, in 
dimensions and capacities to suit specifications. 

Cages of several styles. Drawings and specifica¬ 
tions furnished upon request. 

Track Equipment, consisting of Turntables, 
Portable Track, Switches, Turnouts, and Crossings, 
carried in stock in sizes to meet most require¬ 
ments. 

The following illustrations are typical of the 
lines mentioned above and upon receipt of informa¬ 
tion, giving conditions to be met, proper equip¬ 
ment can be furnished. 



No. 259. Round Bottom All No. 243. Rotary Ore Car 

Steel Ore Car 






Our production devoted to special cars to more 
economically handle materials. 


No. 272. End Dump Incline 
Car. 


No. 164. One Side Delivery 
Car. 


No. 217-S. Side Rocker Dump 
Car, Small Capacity. 
Plain Wheels. 


No. 261. Standard Scoop Car, 
Rotary 


No. 150-AE. Electric Concentrate 
Car 


No. 801. Steel Ore Skip 


No. 159. Steel Gable Bot¬ 
tom Car, Lar^e Capacity, 

• Standard Gausre 


No. 258. Heavy Duty 
Quarry Car 


No. 161-A. Steel Gable 
Bottom Car 


No. 270. End Dump Mine Car 





















THE IRONTON ENGINE COMPANY. 


ELECTRIC LOCOMOTIVES. 


THE IRONTON ENGINE COMPANY 

Main Office and Factory, IRONTON, OHIO 


Branoh OllloeB 

PITTSBURGH PHILADELPHIA CHICAGO 
DENVER SEATTLE 

HUNTINGTON, W. VA. LOUISVILLE, KT. 

BIRMINGHAM, ALA. 



STOW AGt BATTERY LOCOMOTTVES 


CaiutdlMl m«px*M]tt»tlv» 

POWLEY & MOODY, Ltd., TORONTO 


Storage Battery and Combination Locomotives 





The Type WI Ironton storage battery locomotive of all moving parts. Complete specifications fur- 
was designed especially for metal mine service. It nished on request. 

is built in three standard sizes, approximate weights The Ironton Duplex (combination) locomotive 
4, 5, 6 tons. Battery capacity varies according to is the ideal machine for situations where safety 
requirements. Wheels are inside of frame for 
gauges of 18" to 36" and inside or outside as de¬ 
sired for gauges of 36" and up. 


Type Wl-Slngle motor, worm drive to both axles. Gen¬ 
eral dimensions, 6000 lb. Chassis (with 25 kwh. battery) 
for 24" gauge; length, lO'-l"; width, 42"; height, 44"; wheel 
base 36" 


Type WOD-(Duplex) Single motor drive to both axles 
from battery or trolley motor. 

demands the elimination of trolley wires at load¬ 
ing or discharge points, but in which trolley equip¬ 
ment is needed because of length of haul. It 
operates at highest efficiency either as a battery 
or trolley locomotive, because (1) each motor oper¬ 
ates at the voltage for which it was designed; 

(2) each motor is connected 
to both axles (through worm 
gears), producing maximum 
tractive effort from either 
source of energy; (3) it op¬ 
erates at a spe^ of 3V^ miles 
per hour at rated drawbar 
pull when operated from the 
battery and six miles per 
hour when operated from the 
trolley. 

Ironton locomotives are 

Wheels are placed Inside of frame for guaranteed to perform a 

definite duty cycle, and our 
recommendations of size, type 
and battery capacity are made 
on the basis of work to be per¬ 
formed. While we prefer to 
have a sales engineer make a 
personal investigation of oper¬ 
ating conditions, time may 
frequently be saved by fur¬ 
nishing the following infor¬ 
mation with your inquiry: A 

Interior view of tyjie WOD-tDupIex) motors are accessible without removing battery ®i^h:h indicating SCCtiOnS 
coiiiijarlment. Separate niotor.s for battery and trolley operation. Both axles are direct wnBFB IGCOmOtlVBS WOUlu DB 
connected to each motor. 


Interior view of type WI and WO locom>t:ve. 
gauges narrower than 36". Motor is accessible without removing battery box. 


A single motor of medium speed drives both 
axles, which are connected through worm shaft 
with universal couplings. 

The outstanding features of Ironton locomo¬ 
tives are: rugged construction; accessibility; small 
number of parts in driving mechanism; economical 
in upkeep and operating costs; complete inclosure 


used, and distances to be trav¬ 
eled; per cent, of grade in favor or against the 
loads; approximate tonnage per day required from 
each section; weight of car empty and loaded; ap¬ 
proximate number of cars per trip; gauge of track; 
height and width of entries; radius of curves; 
kind of electric current available—^frequency and 
voltage. 
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MANCHA STORAGE BATTERY LOCOMOTIVE CO. STORAGE BATTERY LOCOMOTIVES. 


Mancha Storage Battery Locomotive Co. 


Representatives In 
Pittsburgh, Pa.; Fairmont, 
W. Va.; Huntington, W. Va.; 
Columbus, Ohio, and 
Birmingham, Ala. 


ST. LOUIS, MO. 

Manufacturers of 


Agents in 

San Francisco, Denver, Salt 
Lake City, Seattle and 
Minneapolis. 


Storage Battery Locomotives 


The storage battery locomotive of today has 
come to stay, since, due to the great strides made 
during the last few years in its development, the 
fact has been brought out most forcibly that for 
reliability, efficiency and increased hauling capacity 
the storage battery locomotive is so far superior to 
the old-time methods of mule haulage and hand 
tramming that the use of the latter methods in 
many instances precludes the possibility of profit¬ 
able operation. 

Mancha’s Electric Mules are built in three gen¬ 
eral types as follows: 

1. Metal mine type, especially adaptable to the narrow 
gauges and light service so common in this class of work. 

2. The high type haulage locomotive. This type is 
equally well adapted for both coal and metal mining and on 
gauges 30" and over. 

3. _ The low type locomotive. These locomotives can op¬ 
erate in seams where the clearance above the rail is as low 
as 30 inches and have proven a wonderful saving in low 
seam mines. 



Metal Mine Type 1% to 4 ton. 


Each locomotive is a self-contained power unit 
since the storage battery with which each locomo¬ 
tive is equipped, supplies the necessary energy, re¬ 
quiring no external source of supply, no trolley 
wires nor any bonding of rails. 

The battery is charged at night or between 
Shifts from a small automatically controlled charg¬ 
ing set located at any convenient point. 

Power requirements are very low and charging 
equipment can be furnished for any condition. 

Cost of operation therefore is extremely low and 
due to the simplicity of operation, a Mancha Loco¬ 


motive is the safest motive power to install in a 
mine. 

There is no danger from electric shocks from 
overhead wires, nor are there any poisonous fumes 
or exhaust gases. 



High Type Locomotive 


For convenience in transporting over pack trails 
the smaller locomotives can be dismantled so that 
no single piece shall weigh over 400 lbs. 

A maximum of production is assured with ths 
Mancha Mule with all haulage worries elimina ted. 

Sound engineering principles are behind our de¬ 
sign and many features are exclusive with us. 

We are manufacturers of storage battery loco^ 
motives only and due to this concentration of effort 
on only one product we have developed a locomotive 
which in periormance, and in durability and quality 
of construction knows no equal. 



Low Type Locomotive 


We invite your most rigid comparison and shall 
be glad to give you the benefit of our experience 
towards solving your haulage problems without 
obligating you in the least. 

Write our nearest representative. 


TABU OF SPBOIFIOATIOBS 



1 ( 

1 METAL MINE TYPES | 


HIGH 

TYPES 


LOW TYPES 


1 Standard-A 

Tltan-A 

Titsn-B 

Hercules 

Standard 

B?ar Cat 

Titan 

Armored Tank 

Whippet 

VoUl Id Tou. 

Welglit Cbassls. Pounds. 

3%—4Mi 
! 5400 

2%—3^ 
3500 

IH—2?“' 
2400 

6—7 

8800 

5—6 

8200 

3—4 

5000 

2%—3% 
4000 

6—7 

9000 

4%—6% 
7200 

Wel^t of Mgximuin EHie Battery. 

3700 

2650 

1500 1 

5900 

4000 

3300 

2700 

5200 

4000 

Bated K.W.H. Capacity. 

22 to 34 

18 to 23 

10 to 15 1 

39 to 53 

32 to 43 

23 to 30 

17 to 24 

35 to 47 

24 to 38 

IPbeel Base. 

32%" 

28%" 

25%" 

36%" 

29%" 

29%" 

9'-8" 

24%" 

36%"^ 

29%" 

Length Over All. 

! 11'-0" 

9'-0" 

7'-6" 1 

12'-1" 

ll'-4" 

8'-8" 

12'-9%" 

11^-7" 

Length Over Frame. 

Helcbt Chassis Only. 

‘ 20" 

18%" 

18%'' 

10'-6" 

23%" 

9'-9" 

23 %" 

8'-4" 

18%" 

7'-4" 

18%" 

38" to39%" 

10'-9%" 

33" 

30' 

Heigbt Over All. 

39^" to 42" 

37 %" to 39" 

37%" to 39" 1 

43" to 46" 

43" to 46" 

! 38" lo39%" 

1 7" to 16%" 

33" 

30 ' 

Height Draw Podwts. 

6%" to 16" 

6%" to 15" 

6%" to 15" ' 

9" to 18" 

i 9" to 18" 

7" to 16%" 

8" to 19%" 

6%" to l.S" 

Gauges Wheels, Inside. 

18" to 29" 

14" to 23" 

14'" to 23" 

30" to 37" 

1 24" to 37" 

22" to 35" 

22" to 35" 

30" to 48" 

30" to 48" 

Gauges Wheels, Outside. 

30" to 42" 1 

24" to 42" 

24" to 42" 1 

38" to 48" 

I 38" to 48" 

1 36" to 42" 

36" to 42" 

1 40" to 48" 

42" to 48" 

Width Wb^ls, Inside Gauge, Plus_ 

. All Three Slaes Built In 36"— 

-45" and 51" ! 

22" 

i 22" 

16" 

16" 

22" 

19" 

Width Wheels. Outside Gauge, Plus... 

. Widths Depending on Gauge. 

8" 

1 8" 

1 5" 

5" 

1 

6%" 

Diameter of ¥nieels. 

. 16" 

16" 

16" 1 

19" 

19" 

! 16" 

16" 

19" 

in* 

Badius of Minimum Curve. 

lO'-O" 

9'-0" 

8'-0" 1 

12'-0" 

1 lO'-O" 

: 9'-0" 

8'-0" 

1 12'-0". 

lO'-O" 

^)eed Miles Per Hour. 

.] 3to6^ 

3 to 7% 

3to7%" 

3 to 6% 

' 3 to 6% 

: 3 to 6% 

3 to 6 % 

3 to 6% 

3 to 6% 

Maximum Draw Bar Pu]t. Pound*. ... 

.1 2250 

1650 

1000 

3500 

1 3000 

2000 

1650 

3500 

1 

1 2750 
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340 STORAGE BATTERY LOCOMOTIVES. 


GEO. D. WHITCOMB CO. 


GEO. D. WHITCOMB COMPANY 

Main Office and Works 

ROCHELLE, ILLINOIS. U. S. A. 

Sales Representatives in All Principal Cities 


Electric Storage Battery Locomotives 


Products 

Electric Storage Battery Locomotives for Mines. 
Made in both gear and worm drive and in gauges 
from 18" to 60", and in sizes from 2-ton to 20-ton 
weight on the drive wheels. Gasoline Locomotives 
see Pages 344 and 345. Trolley Locomotives see 
Pages 328 and 329. 

Cmistruction 

THE MOTOR—^We build all of our electric mo¬ 
tors in our own shops, assuring a unit of flexibility 
and d^endability, guaranteed to have sufficient 
power to slip the wheels of the locomotive. The 
armature is of the Ironclad type, the core being 
built of laminated steel. The armature coils are 
made of flat ribbon wire, which are hung below the 
face of the armature core and are secured by being 
imbedded and wedged below the surface. The arma¬ 
ture shaft, made of alloy steel, is mounted on ball 
bearings. The Commutetor is of hard drawn or 
drop-forged copper with the best of mica insulation, 
slightly undercut to allow free brush contact. The 
brush holders are of heavy bronze, easily accessible 
and of improved design. The case and end plates 
are of cast dynamo steel of rig^d construction and 
designed to allow instant attention to the commuta¬ 
tor and brushes. The entire motor is suspended 
at three points, distributing the weight evenly be¬ 
tween the frame and axle, at two points the sus¬ 
pension is by a duplex spring, at the third point 
by rigid attachment to the worm case, which in turn 
floats on the axle. The drive is direct to the worm 
gear through a tongue and groove type coupling 
which, when placed in a vertical position, will allow 
removal of the motor without disturbing the gears 
or gear case. 


WORM GEAR AND WORM WHEEL—Realiz¬ 
ing from the first the quality of worm gears made 
by the Timken Detroit Axle Company, our engi¬ 
neers sought their co-operation and suggestions in 
the design of this locomotive. Their product was 
accepted as standard equipment, with the result 
that an efficiency of from 90 to 96% is maintained. 
The worm, which is directly connected to the arma¬ 
ture shaft, is carried on the motor end by a heavy 



Locomotive In Lead Mine 


duty ball bearing, the opposite end is carried by 
twin or duplex t 3 q)e Radial Thrust Ball Bearings 
having a thrust capacity of 200% of the radial 
load. These bearings take up any thrust action in 
either direction. The worm wheel, which is in 
turn driven by the worm, is located dire^y on the 
axle, providing a most positive drive. The housing 
encasing these parts is of two sections, made of 



Cross Section Layout of Motor, Worm Housings and Axles 
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GEO. D. WHITCOMB CO. 


STORAGE BATTERY LOCOMOTIVES. 


Electric Steel Castings. This case is carried on the 
axle on heavy duty ball bearings, which hold the 
worm and worm gear in the proper relation and 
prevent sag and undue wear. The case is con¬ 
stantly filled with oil, and arrangement is made for 
reoiling without the disturbance of any parts. The 
reduction, varying from 8:1 to 12:1, combined with 
a fairly high motor speed, ranging from 1000 to 
1200 R.P.M., permits of a high degree of efficiency. 
A worm and wheel of like construction are also 
located on the rear axle. The two worms are con¬ 
nected by an alloy steel shaft and two universal 
joints, allowing free and independent action, as well 
as a positive and uniform drive from one motor to 
both axles. 

AXLES—^The axles are of M. C. B. specifica¬ 
tion steel and are carried in journal boxes on heavy 
duly ball bearings. The wheels are cast iron with 
chilled tread, although cast iron centers with steel 
tires can be furnish^ when so desired. 

FRAMES AND BUMPERS—The frames are 
built up of high grade universal mill sheets and 
structural shapes having an average ultimate ten- 
sOe strength of 60,000 pounds per square inch. 
The bumpers, made of heavy channel, are aug¬ 
mented by heavy bumper pockets. 

BATTERY BOX—^The Battery compartment is 
of single pass blue annealed sheets, and is properly 
lined to prevent shorting or arcing of the batteries. 
'!^is compartment is easily removable, allowing full 
access to the chassis beneath. 

CONTROLLER—^The controller is of the stand¬ 
ard drum type, fully encased and of sufficient capac¬ 
ity to prevent heating under full load. It is pro¬ 
vided with a reverse switch and ample capacity 


blow out coils. On the larger type machines both 
motors are paralleled and handled by a single two- 
motor type controller. The case on either of these 
controllers is easily removed, allowing admission 
to the drum and contacts. 



Standard Locomotive 


SADER MECHANISM—Each locomotive is 
provided with four sand boxes operated by a lever 
at the driver’s seat. These boxes are arranged for 
easy filling. 

ELECTRICAL FITTINGS—All the connections 
and wiring are heavily insulated and protected. 
'Two headlights of the indestructible,tope are fur¬ 
nished, one at each end of the locomotive. A charg¬ 
ing plug and receptacle is placed in a position that 
will allow recharge of the batteries without removal 
from the locomotive, although the battery box and 
batteries may be lifted from the chassis by break¬ 
ing the connections. 

BATTERIES—^Any standard make of battery 
desired will be furnished. 



Cutaway View Showing the Motor Coupling and Worm Gear Case Arrangement 
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STORAGE BATTERIES. 


EDISON STORAGE BATTERY COMPANY. 




Edison Storage Battery Company 




NEW YORK 
ATLANTA 
NEW ORLEANS 


Factory and Main Office 

316 LAKESIDE AVENUE, ORANGE, N. J. 

Export Division: 26 West Broadway, New York City 


BOSTON 

CLEVELAND 

DETROIT 


Dlstrilmtors in 

PHILADELPHIA 

PITTSBURGH 

WASHINGTON 


CHICAGO 
ST. LOUIS 
MONTREAL 


Edison Storage Batteries for Use In 
Storage Battery Locomotives 


I A PRODUCT OF | 
THE EDISON 
I LABORATORIES J 


SAN FRANCISCO 
SEATTLE 
LOS ANGELES 


The Edison Storage Battery employs a principle used methods of battery construction. Instead of 
differing radically from that of all other storage lead grids, its ^ds are of steel. Instead of rubber 
batteries having commercial importance at the or glass jars, its container is of steel. Instead of 
present time. It is the only storage battery having acid electrolyte, it employs an alkaline solution. Its 
iron or steel in its construction. So totally different active materials are compounds of nickel and iron 
is it from all other storage batteries that from the instead of compounds of lead. These changes are 
time the charging current enters an Edison Battery important because by virtue of the nature of the 
at the positive pole, until it reaches the negative new combination greater strength,longer life and in* 
side, it encounters no single metal, liquid or chem* creased durability are achieved, together with a sim- 
ical, familiar to other batteries or any previously plicity in care and operation not hitherto possible. 

A few of the exclusive advantages resulting from 
its distinctive characteristics, follow: 

It is light in weight. 

The steel container is unbreakable. 

It suffers small loss of charge when idle. 

No frequent hydrometer readings are necessary. 
The tray assembly and cell connections are simple. 
Severe vibrations and concussion have no effect 
upon it. 

It steadily increases in capacity for the first eight 
or twelve months. 

Temperature of electrolyte may rise to 116 de¬ 
grees Fahrenheit without harm. 

Sulphation and kindred "diseases” like buckling 
or growing of plates, are impossible. 

It may be boosted at high rates, several times 
normal rate being safely recommended for short 
periods. 

It is hermetically sealed except for the single 
filler opening—no plate removals, no wood separator 
renewals or other repairs needed. 

It may be left standing idle, either charged or 
discharged, for months at a time without injury and 
with absolutely no attention. 

It gives off no noxious fumes and can be placed 
in any environment without fear of corroding nearby 
metal or injuring persons in the neighborhood. 

It can be put on charge at any time, regardless of 
how little or how much of the previous charge has 
been used, and similarly it may be taken off charge 
at any time and used, whether fully charged or not. 

No expert battery man is required to handle an 
Edison Battery. Your mine electrician can secure 
the very best of results. 

The Edison cell to cell connectors are made of 
copper and are practically unbreakable. No lead 
strap to bum out with subsequent delay and expense incident to their repair. 

Accidents that are bound to occur occasionally, as, for example, short circuits, continued over¬ 
charges, charges in the reverse direction, excessive “boosting,” or charging at too low a rate, have no 
permanent effect upon its life. 

Write for a Copy of Storage Battery Locomotive Bulletin No. 608 
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THE ELECTRIC STORAGE BATTERY COMPANY, 


STORAGE BATTERIES. 


The Electric Storage Battery Company 

General Offices and Works 
PHILADELPHIA, PA- 


PHILADELPHIA 

CHICAGO 

ATLANTA 

DETROIT 

PITTSBURGH 

NEW YORK 

EXIDE 


SAN FRANCISCO 
DENVER 
WASHINGTON 
MINNEAPOLIS 
CINCINNATI 
SEATTLE 

BATTERIES OP CANADA. Limited, TORONTO 


ST. LOUIS 
ROCHESTER 
KANSAS CITY 
CLEVELAND 
BOSTON 


The Exidc-Ironclad Battery 

Designed to Meet Every Requirement of a Heavy Duty Battery 


The Exide-Ironclad Battery is one of many 
types produced by The Electric Storage Battery 
Company—^the oldest and largest manufacturers 
in the world of storage batteries for every purpose 
—and is especially built to meet the particular re¬ 
quirements of mine locomotive service. 

It IS desired with a full realization of the fact 
that locomotives can be kept going at the top of 
their speed and power, only by batteries which 
possess the four following essential operating char¬ 
acteristics : 

1. Reserve Power. 3. Ruggedness. 

2. Sustained Energy. 4. Low cost per Ton. 

Under the first heading, it can be said of the 
Exide-Ironclad Battery that it delivers increasing 
power up to twenty times the normal rate of dis¬ 
charge. 

As to its sustained energy—^the voltage remains 
high throughout the entire discharge, which means 
power and speed all day long. 

The ruggedness of the Exide-Ironclad Battery 
is almost proverbial. Assembled in practically un¬ 
breakable rubber compound jars, the jolts and 


vibrations incidental to the coupling of cars and 
fast travel over uneven road beds have little effect 
on it. 


And as to low cost per ton, the 
first cost of the Exide-Ironclad, 
plus cost of upkeep divided by 
the number of tons hauled will 
give a surprisingly low cost per 
ton. 

The long_life of the Exide- 
Ironclad Battery is due in no 
small degree to the unique con¬ 
struction of its positive plates 
and the method of assembling 
them in the jars so that liability 
of internal short circuiting is re¬ 
duced to a minimum. 



Data is available of mine loco¬ 
motives running four years with 
no repairs to their Exide-Ironclad 
Batteries — convincing evidence 
that they have long life, give 
dependable day in day out service, 
are economical, and require but 
minor care and attention. 


Cut - away cell 
showingr the sturdy 
positive plate and 
how it is support¬ 
ed by a different 
set of ribs than 
those which hold 
the ne^tive plates. 
This construction 
reduces to a mini¬ 
mum the liability 
of internal short 
circuiting:. 


USBYTO DATA OV THB BXZDB-mOHODAD BATTBBT 


Number of ^ plates.I 

m 

9 

1 11 

1 

1 -] 

1 15 1 

1 17 1 

f 19 

21 

23 

26 ^ 

1 27 

1 ^ 

nr 

33 

Ampere hours service capacity (over 6 
hours) .1 

102 

1 136 1 

1 170 i 

1 204 1 

1 238 1 

272 i 306 

! 340 

1 374 

1 408 

1 442 

1 476 1 

1 510 

1 544 

K. W. hrs. service capacity (over 6 hrs.) 
at 1.97 volts per cell. 

1 1 

1 .201 1 

1 .268 1 

.335 

1 .402 

1 .469 1 

1 .536 1 

1 .603 1 

1 .670 1 

1 .737 1 

1 .804 

.871 1 

1 .938 

1.006 1 1.072 

K. W. hrs. service capacity (over 6 hrs.) 
for 48 cells at 1.97 volts per cell. 

9.65 

12.86 

16.08 

19.29 * 

22.51 

26.72 

1 28.94 1 

1 32.15 

36.37 

1 1 

1 38.68 1 

41.80 

1 1 

1 45.01 1 

48.23 1 51.44 

Dischargre in amperes for 4^4 hrs. (average 
voltage 1.97 per cell). 

21 1 

^ 28 1 

'35 1 

'42 1 

' 49 1 

1 56 i 

1 63 

70 

1 77 1 

^ 84 1 

*91 ! 

*98 1 

106 

1 112 

Outside dimensions f L^gth.. 

1 2 % 

1 3A 1 

1 4A 

[ 5t>» 

1 5% 1 

1 6% 

1 7% ! 

1 8% 1 

1 8% 1 

1 9%'l 

110% 1 

1 11% 1 

111 % 

i 12% 

of cells, not Includ- ■{ Width . 

' 6A 

r6A 1 


1 6A I 

1 6% 1 

1 6% 1 

1 6y4 1 

1 6% 1 

1 6% 1 

1 6% 1 

1 6% 1 

I 6% 1 

1 6% 

1 6% 

ing trays. In Inches 1 Height 2% In. ribs. 

1 16 

1 15 1 

1 15 

1 15 1 

>15* 1 

115* 1 

115* 

! 15* 

115* 

115* 1 

115* 1 

1 15* 

115* 116* 

Weight of electrolyte. 

1 4% ' 

1 5% 1 

1 6% 

' 8 1 

1 9% 1 

110% 1 

|11% i 

1 13 1 

114% 1 

115% 1 

116% 1 

' 18 1 

! 19% 

1 20% 

Weight of complete cell. 

1 23% 

1 30 1 

136% 

i 42'%_ 1 

1 4934 J 

\jtva : 

! 63% 

1 70 1 

L76^% 1 

182% 1 

1 89 1 

195% 1 

1101% 1108 

Approximate weight per cell. Including 
tray . 

1 27 

36 1 

>42 1 

'49 1 

67 1 

^ 66 i 

73 

1 81 

1 88 

95 1 

102 1 

110 1 

1 

lll7 

|l24 


Initial 


Volts per Cell 


Averagre I Final I 


At 4%-hour rate. .. I 

At t tlmea 4 H-hour ra te..•. .. .. I 

At 6 thnes 4%-hour rate. I 


2.06 I 1.97_L 1.755 | 

1.97 I L88 I 1.665 I 

1.88 : 1.79 I 1.575 I 

*_!_I 


Volts 48 Cells 


Initial 

1 

1 

Average 

1 

1 Final 

98.88 

1 

1 

94.56 

1 84.24 

94.56 

I 

90.24 ■ 

I 79.92 

90.24 

I 

J_ 

86.92 

1 76.60 


Height Riven is from bottom of Jar to top of intercell connector, except where vertical diaRonal connector is used when 
heigrht should be increased % inch. 
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GASOLINE LOCOMOTIVES. 


GEO. D. WHITCOMB CO. 


GEO. D. WHITCOMB COMPANY 

Main Office and Works 

ROCHELLE, ILLINOIS, U. S. A. 

Sales Representatives in All Principal Cities 


Gasoline Locomotives 


Products 

Gasoline Locomotives for Mines. Made in sizes 
from 8 tons to 8 tons and in gauges from 18" to 60". 
Trolley Locomotives see Pages 328 and 329. Storage 
Battery Locomotives see Pages 340 and 341. 

The Company 

The Geo. D. Whitcomb Company was the first 
in the United States to build and install a gasoline 
locomotive. That was eighteen years ago. Today 
there are thousands of Whitcomb Locomotives in 
successful operation. 



MininiT Type Gasoline Locomotive 


Construction 

ENGINE—^The power plants are either Wau¬ 
kesha or Wisconsin, depending upon the size of 
the locomotive. These motors have been adopted 
after many tests with many makes and are the 
best of tractor type engines built today. The crank 
shaft is of chrome nickel steel and has extremely 
large bearing surface. All parts of the engine are 
oiled by a force feed system, operating under a 
thirty-pound pressure. The cylinders are of the 
removable head design, bored and ground to size. 
The cooling system is handled by a centrifugal 
pump of rugged design and is so arranged that the 
entire system may be drained from one point. 

The valves are of special alloy, split washer, 
taper type, with fiat case hardened end. Every 
part of the motor is of the best design and material. 


INGITION—Standard equipment includes an 
Aero type Dixie Magneto, equipped with an ad¬ 
justable coupling and impulse starter coupling. 



The Whitcomb Multiple Plate Clutch 


CLUTCH—The clutch is made entirely in our 
own factory, is of excessive capacity and of the 
very latest design. The construction is alternate 
discs of saw steel and aluminum, the latter filled 
with cork inserts. The saw steel plates are driven 
by lugs on the flywheel which houses the entire 



Cab Type Gasoline Locomotive 


mechanism. The aluminum discs are carried on 
and drive a s'plined spider, which is part of the 
clutch shaft. 
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GEO. D. WHITCOMB CO. 


GASOLINE LOCOMOTIVES. 


The clutch surface is of such size that a pres-> 
sure of only five pounds per square inch of cork 
is necessary to transmit the full power of the en- 
srine. The pressure between discs is maintained 
by a heavy coil sprinsr. which acts directly against 
a thrust plate. No toggles or levers are used and 
this spring automatically takes up all wear and 
makes adjustment unnecessary. The clutch is sup¬ 
plied with an improved spinning brake, which 
works automatically as soon as the clutch is fully 
released. The fact that the clutch runs in oil en¬ 
sures its durability and an easy starting torque, 
as, when the clutch is first engaged, a film of oil 
separates the corks and the steel plates, allowing 
a slight slippage for the first two or three revolu¬ 
tions. 


type of radiator permits of quick repair either by 
replacing with new sections or applying blind gas¬ 
kets in place of a damaged section, the only tool 
required being a monkey wrench. The radiation 
is sufficient for the most adverse working con¬ 
ditions. 


AXLES AND WHEELS—The axles are made 
of forged steel carefully machined, and are carried 
on heavy-duty ball bearings. These bearings are 
located in cast axle or journal boxes located in the 
frames, and are so arranged that chain slack can 
be taken up by means of shims. The sprockets are 
cast steel of the split design, to allow removal with- 



Four-Ton Cab Type Liocomotive 


TRANSMISSION—^The transmission is of the 
selective gear type, permitting three speeds in each 
direction. The variation in speed is controlled by 
a speed change lever operating three pinions lo¬ 
cated on the clutch-driven shaft which drive di' 
rectly onto corresponding gears on the transmission 
shaft. At the end of this shaft is a bevel pinion 
which engages two bevel gears running idle on the 
jack shaft. Splined to the jack shaft is a drop- 
forged chrome vanadium jaw clutch controlled by 
a forward and reverse lever. This clutch engages 
directly with either bevel gear. As these bevel 
gears run in opposite directions a full driving power 
is obtained in either direction. This clutch has 
also a neutral position for idling. The speed change 
lever is likewise arranged with a neutral position. 
Cut steel sprockets are located at each end of the 
jack shaft. These sprockets drive directly onto the 
front axle with two 2" pitch roller chains of stand¬ 
ard make. All of the gears, pinions and sprockets 
are chrome vanadium drop forgings carefully ma¬ 
chined and heat treated. The shafts are nickel 
steel and are carried entirely on ball bearings. The 
case is of heavy cast construction built in three 
parts, allowing free access, and is so constructed 
that all parts run in oil. All like parts for this 
transmission are interchangeable. 


RADIATOR—^The radiator is of the artillery 
type developed and adopted by the Government dur¬ 
ing the world war. The shell is of cast iron, to 
which are bolted the cooling cores or sections. This 


out disturbing the axles. The drive is so arranged 
that all four wheels are drive wheels. The wheels 
are rolled steel. Cast centers with steel tires can 
be furnished at additional cost. 

FRAMES AND BUMPERS—^The main frame 
or chassis is of heavy cast iron, thoroughly braced 
and ribbed. The bumpers are bolted to each frame 
and are so arranged with pockets that various 
draw-bar heights are obtained. 

SUMMARY—Mining men who are looking for 
a solution of their haulage problem can readily 
appreciate the advantages of this rugged locomo¬ 
tive. The accessibility of parts, the easiness of 
adjustment, the positiveness of the drive, create 
an appeal which is fully justified. The low center 
of gravity gives it a stability hard to realize. It 
is in its entirety designed to work and built to over¬ 
work. 


BPaoiroATiomi 


Loco¬ 

motive 

Size 

Weight 

Draw Bar 
Pull, Low 
Gear, 3 to 5 
Miles on 
Level 
Track 

Height, 

Mining 

Type 

Height, 
Cab ! 
Type 

Length 

Wheel 

Base 

3-ton 1 

6000 lbs. 

1200 lbs. 

49'' 

81" 

9' 

32" 

4-ton 

8000 lbs. 

1600 lbs. 

49" 

81" 

9' 

32" 

6 -ton 1 

12000 lbs. 

3000 lbs. 

65" 

00 

00 

10'-7" 

46" 

8 -ton 

16000 lbs. 

4000 lbs. 

67" 

88 " 

12 ' 

46" 


ihning catalog 
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THE BALDWIN LOCOMOTIVE WORKS. 


THE BALDWIN LOCOMOTIVE WORKS 

PHILADELPHIA, PA. 


OFFICES 


New York, N. Y.—120 Broadway. 

Chicago, m.—627 Railway Exchange. 

St. Louis, Mo.—1210 Boatmen’s Bank Building. 
Richmond, Va.—712-13 Mutual Building. 
Boston, Mass.—185 Devonshire Street. 


Pittsburgh, Pa.—375 Union Arcade Building. 
Houston, Texas—1501 Carter Building. 

St. Paul, Minn.—908 Merchants Nafl Bank Bldg. 
Portland, Ore.—313 Northwestern Bank Building. 
San Francisco, Cal.—310 Sansome Street. 


LOCOMOTIVES 


Locomotives 

The Baldwin Locomotive Works build all types 
of steam, internal combustion and electric locomo¬ 
tives for mininer, industrial and contractors’ service. 
'The use of steam locomotives in underground work 
is necessarily restricted; but for surface haulage 
about mines, and for open pit mining operations, 
they are highly satisfacto^. With ninety years’ 
exi^rience in locomotive building, we offer a product 
which is unexcelled in design and construction and 
specially fitted for the work to be done. 

We call particular attention to our facilities for 
furnishing duplicate and spare parts for locomo¬ 
tive maintenance. Work of this kind is always 
given preference to insure prompt shipment. We 
recommend that a stock of those parts most subject 
to wear and replacement be kept on hand, so that 
repairs can be made in the shortest possible time. 



Fig. 1 


The illustrations show several types of locomo¬ 
tives suitable for mining service. Figure 1 repre¬ 
sents a design used for light underground and sur¬ 
face haulage where clearances are closely restricted. 
This locomotive, of 36 inches gauge, was designed 
with a width limit of 6'0" and a height limit of 5 ' 1 ". 
Its total weight is 17,000 pounds. Modifications 
can be made in this general design to suit special 
operating conditions. 



Fig. 2 


SECTION VII 


Figure 2 shows a design of four-coupled tank lo¬ 
comotive which is suitable for general surface haul¬ 
age and switching. This is a standard gauge loco¬ 
motive weighing 77,600 pounds. Tank locomotives 
have many advantages for short-haul work, and 
where more powerful units are required, they can 
be built with three or four pairs of driving-wheels. 



Fig. S 


Figure 3 shows a tyi^ of six-coupled locomotive 
with separate tender, suitable for general switching 
service and extensively used in open pit mining op¬ 
erations. The locomotive weighs 160,000 pounds, 
and the loaded tender 90,000 pounds additional. This 
type is built in various sizes to meet different oper¬ 
ating conditions. 



Fig. I 

Figure 4 shows a locomotive of the “Ckmsolida- 
tion” type, suitable for comparatively long runs on 
mining and industrial railways. The two-wheeled 
leading truck provides an excellent guide when 
operating in road service, and approximately 90 per 
cent of the total locomotive weight is carried on 
the driving-wheels, giving ample adhesion for heavy 
hauling. The locomotive illustrated weighs 158,000 
pounds, with 140,700 pounds on driving-wheels; and 
the loaded tender weighs 120,000 pounds addi¬ 
tional. This type can be built in larger sizes, where 
tracks and bridges are sufficiently heavy to carry 
the increased weight. 

Full information regarding Baldwin Locomo¬ 
tives for mining, industrial or contractors’ service 
will be furnished on request. 
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DAVENPORT LOCOMOTIVE WORKS. 


LOCOMOTIVES. 


DAVENPORT LOCOMOTIVE WORKS 

DAVENPORT, IOWA 

Designers and Builders of 

Rod and Gear-Drive Steam Locomotives 


Gear-Drive Steam Locomotives 

Made in two-gear and four-gear drives. 

Power is applied through main rods to a crank 
shaft carrying a pinion which drives a large gear 
on the rear driving wheel axle. 

A one-piece steel housing carries the bronze 
bearing for the crank shaft and forms the journal 
boxes for the rear driving wheel axle. 

Gears are held in positive alignment and mesh 
by a loose ball-and-socket bearing at the apex of 
the housing. Power is transmitted to forward 
drivers through ordinary side rods, the locomotive 
thus being driven from all wheels and utilizing for 
traction all its weight. 

All gears are steel spur gears with extra heavy 
cut teeth. 



Locomotives are equipped with under slung, side 
or saddle tanks as desired. 

The two-gear design is preferable where large 
clearance under the gear case is not necessary, 
although the perfect gear lubrication makes the 
friction on the four-gear drive very small. 

The locomotive can be equipped with a two- 
speed gear shift, operated from the cab, which en¬ 
ables the engineer to increase the speed on light 
grades or to increase the tractive effort on heavy 
grades. 

The four-gear design can be further adapted to 
track and grade conditions by a change in the 
gear ratio, which can be very easily made, by sub¬ 
stitution of gears of different diameter for the 
pinion on the crank shaft and the gear on the in¬ 
termediate shaft into which the pinion meshes. 


Special Features 

The design eliminates all objectionable features 
of other designs of geared locomotives, while re¬ 
taining the tractive effort gained by gearing. 

It has no bevel gears. Gears run in an oil-tight 
dusit-proof case. If kept well lubricated, gears will 
not need replacement during the life of the loco¬ 
motive. 

Gears are noiseless. 

Cost of maintenance is no greater than that of 
the usual type of direct-drive locomotive. Every 
gear-drive locomotive built by us is still operating 
with the original gears. 

It has great tractive power with little sacrifice 
of speed. 

The even torque greatly increases rail adhesion, 
enabling the locomotive to pull loads one-third 
greater than direct-drive locomotives of the same 
weight. Great tractive power, combined with light 
weight, makes it especially adapted for use on heavy 
grades, light rails and sharp curves. 

All of our locomotives can be equipped to burn 
bituminous, anthracite or lignite coal, wood or 
fuel oil. 



Gear-Drive Steam Locomotive 

Uses 

Will haul cars up heavy ^ades to steam shovel 
and spot them without jerking or bumping. Will 
haul loaded cars to dump, as it has greater speed 
than can be made over usual construction track. 

For hauling cars over tracks where weight of 
locomotive is limited by light rail used, light 
bridges, soft roadbed or other track conditions. 

Our Gear-Drive Locomotives are built with the 
- same careful workmanship and high grade material 
that characterizes the construction of all our loco¬ 
motives. They are durable and reliable. 

As we are builders of both direct-drive and gear- 
drive locomotives, we are in a position to give im¬ 
partial advice as to the type or size required, when 
advised as to the conditions under which the loco¬ 
motive is to be used. 
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LOCOMOTIVES, 


H. K. PORTER COMPANY. 


H. K. PORTER COMPANY 

Union Bank Building. PITTSBURGH. PA. 

LCX:OMOTIVE BUILDERS 


Product 

Locomotives for all classes of service, metal 
mine, industrial, switching, contractors, coke oven 
and mine haulage, etc. 

General Information 

We issue to the trade complete catalogues on 
our Steam and Fireless Locomotives. Either or 
both of these books will be sent to responsible 
executives on application. 

Porter Locomotives are in use in practically 
every country and are built and design^ to meet 
local conditions and customs wherever required. 




The above illustration shows a locomotive built for the 
Dupont Nitrate Company. This machine has 18x16 cylinder8» 
Class D-SS 30** gauge of track, 64,000 lbs. weight in running 
order, 83" driving wheels, 180 lbs. boiler pressure, 12,685 lbs. 
tractive force, equipped for burning oil fuel and with 
Walschaert valve gear. This design is very desirable for 
service where great power is required on light rail and soft 
road bed. Built in weights 16 to 90 tons. 


The locomotive shown by the above illustration, which was 
built for the Leetonia Mining Company for use on the iron 
range in Minnesota, has 17x24 cylinders. Class C-T, weighs 
96,000 lbs. in working order, has 44" driving wheels, 170 lbs. 
boiler pressure, 22,776 lbs. tractive force. The tender weighs 
60,000 lbs. in running order and carries 3,000 gallons of water 
and 8,000 lbs. of coal. This is the familiar “six-wheel- 
switcher” type, for general yard work and runs on which much 
power and ample water and fuel capacity is required in a loco¬ 
motive that will pass sharp curvea Built in weights from 
7V4 to 86 tons. 



The above locomotive was built for the Tata Iron & Steel 
Company, Ltd., for export to India. It has 19x24 cylinders and 
is only 86" gauge. It weighs 146,000 Iba in working order, 46" 
driving wheels, 190 Iba boiler pressure, 30,416 lbs. tractive 
force. This is a most excellent locomotive for general switch¬ 
ing purposes where the run is not of sufficient length to justify 
a separate tender. Built for all gauges in sizes from 7 to 85 
tons in weight. 


The interchansreable part system is used, which 
makes repairs and replacements easy and avoids 
delays and loss of time in the shop. 

Detailed drawings, specifications, prints, etc., 
will be gladly furnished to all prospective buyers. 



The above compound compressed air locomotive was built 
for the Ray Consolidated Copper Company, of Ray, Arizona. 
The high pressure cylinder is 6" dia. x 12" stroke and the 
low 12"xl2", 80" gauge, 16,600 lbs. weight in working order, 
24" drivers, 3,600 lbs. tractive force, and the main air reser¬ 
voir carries an initial charging pressure of 860 lbs. Porter 
compressed air locomotives are built in all sizes, types and 
gauges within the limitations of adaptability for this system 
of haulage, and for all classes of service where, on account of 
safety from fires, cleanliness, ventilation, or other reasons, 
steam locomotives are not desired. In gaseous mines where 
even an electric spark is liable to cause an explosion, com¬ 
pressed air locomotives are absolutely safe. 



The above Class B-S locomotive, which was built for the 
Williamsburg Quarries of the American Steel & Wire Com¬ 
pany, weighs 20,000 lbs. in working order, carries 170 lbs. 
boiler pressure and develops 4,266 lbs. tractive force. This is 
the famous Porter dinkey type, which has been known to the 
industrial haulage field for more than fifty years. This type 
is built for all gauges of track with cylinders 6x8 weighing 4% 
tons, to 18x24 cylinders weighing 60 tons or more. 



The locomotive shown above was built for the Inspiration 
Consolidated Copper Company, of Miami, Arizona. It has 21x26 
cylinders. Class 2-C-2-SS, 203,000 lbs. total weight in working 
order, 163,500 lbs. on driving wheels which are 60" diameter, 
180 lbs. boiler pressure, 35,085 lbs. tractive force. The machine 
is equipped for burning oil fuel, has Schmidt type of super¬ 
heater and Walschaert valve gear. This type of locomotive 
is especially adapted for light rail and uneven track where the 
haul is not long enough to require a separate tender. Built in 
any size from 17 to 86 tons weight. 
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PENNSYLVANIA CASTING & MACHINE WORKS. 


LOCOMOTIVE WHEELS. 


Pennsylvania Casting & Machine Works 

PITTSBURGH. PA 

Manufacturers 

Wheels of Every Description 


Digitized by 


Google 


Products 


Wheels of every description for mining locomo¬ 
tives, dump cars and standard M. C. B. freight cars. 

Our Facilities 


We supply steel tired wheels complete, or can 
furnish steel tires properly machined for your re¬ 
fitting to old centers. 


Goodman Locomotive Wheels. 


MINING CATALOG 


Write Us for Particulars. 
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steel Tired Wheels 


We carry in stock at all times wheels and axles 
for all types and makes of mining locomotives, thus 
insuring you quick delivery. We also specialize in 
mounting new wheels on either old or new axles. 


Baldwin, Westinghouse, Jeffrey, Morgan-Gardner 
Locomotive Wheels. 










2^0 SAND DRYERS. INDIANA FOUNDRY COMPANY, INC. 

INDIANA FOUNDRY COMPANY, Inc. 

154 Clymer Avenue, INDIANA, PA 


“Sutton” Sand Drying Stoves 


Products 

Sand Diyirig Stoves, Heavy Heating Stoves, 
Winches, Windlasses, Tuyere Irons, Swage Blocks, 
Stable Traps, Cast Iron Frogs and Turnouts, Grate 
Bars, Sheave Wheels, Coke Oven Dampers. Special 
Castings for Mines made to Order. 



The Complete Sand Dryer 


“Sutton” Sand Drying Stoves 

“Sutton” Sand Drying Stoves are used by Mines, 
Collieries, Steam and Electric Railroads, Contract¬ 
ors, Founderies and Industrial Plants. More than 
one thousand of these stoves are in use in the 
collieries of Pennsylvania alone. 

Simple in operation, massive in design, made of 
the best quality of gray iron; built for hard, con-t 
tinuous use, with each casting designed for the 
particular service it is to render, so that even under 
the most severe conditions the stove will give the 
longest possible life. 

Skirtings are made of 16 ga. sheet steel, strongly 
riveted, reinforced around the top with a heavy 
steel band. 

Gyration 

After having a good, hot fire started in the 
stove, shovel the wet sand into the sheet steel 
skirting, and as the sand dries, it will of itself run 
out through the holes in the perforated ring at the 
base of the skirting. This stove can be operated to 
its fullest efficiency by anyone who can handle a 
shovel. 

This stove can be fired with hard or soft coal, 
coke or wood. For a small extra charge we can 
equip it to bum gas. 

SECTION Vll 


Sizes and Dimensions 

No. 1 

No. 2 

No. 3 

Weight . 

.1235 lbs. 

675 lbs. 

550 lbs. 

Drying capacity, under normal conditions, 

In 10 hours. 10 tons 

5 tons 8% tons 

Extreme height of Sand Dryer.s. 

inches 58 

49% 

48% 

Height from base to top. 

“ 48 

40 

88% 

Height of legs. 

“ 10 

10 

10 

Size of Firedoor. 

10x12 

10x12 

11 X 11 

Inside diameter. 

“ 23 

17 

15 

Grate diameter. 

“ 22 

15 

12% 

Skirting at top, diameter. 

62 

40 

39 

Distance from inside fire door to 
back of stove. 

“ 33 

27 

23^ 

7% 

Thickness of castings. 

Skirting capacity, cubic feet of 

1*4 

sand.. 18H 

00 


External Gratings for Sutton Sand Dryers 

This cut shows the upright cast iron gratings 
with which we surround the body of our sand dry¬ 
ing stoves, to prevent the wet sand from coming 
into contact with the main stove castings. 

There is an open 
space of about 
between the main 
stove castings and 
the gratings, which 
allows the escape of 
steam and gases. As 
the sand dries, it 
runs through the 
grating into the air 
space, and down 
through the holes in 
the perforated ring 
near the base of the 
stove. 

By use of these 
gratings, more sand can be dried in a given time, 
and the life of the main stove castings is greatly 
lengthened, owing to the fact that the wet sand 
does not come into direct contact with them. 

These gratings also form a perfect vent or flue, 
which permits the 
ready escape of the 
gases and steam 
which naturally arise 
during the process of 
drying the sand. 

Bzternal OraUnsr* are 
not sent unless specially 
ordered, and an extra 
ohargra i> made for same. 

Repair Parts 

This illustration is 
for ordering repairs. 

Order by name, and 
be sure to state whether your stove is No. 1, 2 or 8. 

Guarantee 

We ^arantee the Sutton Sand Dryer to give 
satisfaction under all circumstances, when used for 
the purpose for which it is intended. 

“Sutton” Sand Drying Stovs are sold by aR 
leading jobbers. 

MININO CATALOG 
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HARRY VISSERING & COMPANY. 


SAND DRYERS, 


HARRY VISSERING & COMPANY 

1616 LYTTON BLDG. CHICAGO 

Manufacturers of ^ 

THE “VILOCO” AUTOMATIC SAND DRYER 


The “Viloco” Dryer is positively automatic. 
Note the cast iron grating between body of sand 
and the stove, through which grating the sand runs 



_ HOPPE^. 
STEEL Pim 


ORAriftO slots] 


HEATCMAMfiSA 




vAATC OUMPSa 


Sand dryers, as usually constructed, consist of 
a stove surrounded by hopper of wire netting. 
The sand coming in contact with &e stove dries 
first and has no means of escape until Ull of the 
sand within the hopper is sufficiently dry to start 
running through the wire netting forming the 
hopper. In the meantime, sand lying in contact 
with the stove becomes sufficiently hot to be thor¬ 
oughly burned and materially assists in burning out 
the stove itself. Sand which has been burned loses 
its value and usefulnessr 

Our “Viloco” Dryer works on the principle that 
as soon as the sand is dry, it is free to escape. It 
does not bum the sand. 


Why Preference is Given the “VUoco” Dryer 

It is automatic in action. 

It is correctly designed and built. 

Stove cannot bum or break. 

Cleaning slides save labor. 

Durable, practical and economical. 


Hamcs of Farts 

S. D. 101. Base 

S. D. 102. Fire Pot 

S. D. 103. Hopper 

S. D. 104. Heat Chamber 

S. D. 108. Fire Door 

S. D. 109. Hopper Base 

S. D. 110. Cleaning Slides 

S. D. 111. Grate 

S. D. 112. Grate Support 

S. D. 112%. Wrench 

S. D. 113. Draft Door 


S. D. 114. Ash Door 
S. D. 116. Ash Door 
S. D. 116. Fire Door Damper 
S. D. 117. Grate Support Bushing 
S. D. 117%. Grate Support Pin 
S. D. 118. Heat Chamber Top 
S. D. 119. Top Grating 
S. D. 120. Grating L.H. 

S. D. 120. Grating R.H. 

S. D. 121. Grating 

S. D. 122. Grate Shaker Bar 


freely as fast as it dries. This arrangement pre¬ 
vents wet sand coming in contact with stove and 
allows the vapor to escape through holes at the 
top of the heat chamber into stack. 

As sand does not come in contact with stove, all 
possible burning out of stove is removed. Ample 
cleaning slides are provided around the entire hop¬ 
per base to facilitate ready removal of any material 
that will not pass through the cast iron grating. 

The grate is a combined shaking and dumping 
arrangement, and (»n be replaced through the 
large ash doors, thetoby making it unnecessary to 
dismantle the dryer in order to renew the grate. 

A man having other duties can easily attend to 
this apparatus. Saves initial cost first year in 
labor. 

We have reduced repair expenses to a minimum. 
Any number in service two years without repairs. 

We will name scores of electric railways, rail¬ 
roads and coal mines in every section of North 
America, each and every one an enthusiastic satis¬ 
fied customer. 
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^^2 MATERIAL _ THE AMERICAN MINE DOOR CO. 

THE AMERICAN MINE DOOR CO. 

CANTON, OHIO, U. S. A. 

Manufacturers of 

Automatic Mine Doors and Switch Throwers 


Products 

Cable Splicers, Trolley Splicers, Trolley Frogs, 
Bond Terminals, Section Insulators, Rail Benders, 
Spike Bars, etc. 


Canton Automatic Switch Thrower 

Can be used inside or outside the mine. 

Does everything a switchman can do. 

Prevents loss of time, as it is not necessary to 
cut down the speed when passing through the 
switch. 

Saves loss of power, wear on motors, track and 
other equipment by eliminating the stop to throw 
switch by hand. 

Safeguards life by removing the human element. 

Can be operated as a hand switch at the same 
time. 



Operated by the motorman 
without moving from his seat. 
Motor takes the switch while 
the cars go on towards the 
bottom, or motor keeps the main track 
and cars take the switch. 

How It is Operated 

On the side of the motor, at a 
place convenient, is bolted a 
TRAVELER with a plunger attached to a lever. 

A motorman desiring to take the switch, throws 
his lever on the traveler in the operative position. 
This actuates the Switch Thrower, which opens the 
switch. He passes into the switch without decreas¬ 
ing his speed. 


When he has passed the Switch Thrower he re¬ 
leases the lever and the switch will remain open, 
permitting him to run in and out of the switch 
without any further attention. Wishing to close 
the switch when the motorman goes out, after 
passing the Switch Thrower, he throws his lever, 
which causes the “universal tripper” to close the 
switch. 

No complications can arise which have not been 
provided for. 


The Canton Cable Splice 

This device makes possible the saving of many 
feet of good cable which would otherwise be thrown 
in the scrap. Not only does it save cable, but the 
splice when made is more durable, neater in ap¬ 
pearance and requires less time to make and less 
cable. 


It will save its price, besides making a better 
job. 

Made in all sizes from No. 6 to 500,000 C. M. 

Made for A. C. or D. C. The A. C., a copper 
splicer, may be used on either A. C. or D. C., but 
D. C. splicers cannot be used on A. C. 

To make the splice, cut the ends of the cable, 
then remove insulation from the ends for one or 
more inches, depending on size of cable, intermesh 
the ends. 



Cable Prepared for Splicing 



Splicing Tool Ready for 
Operation 



Sectional View Showing 
Appearance of Wire 
Within the Splicer 



Finished Splice Ready for Insulation 


The splicer having been previously slipped over 
one end is now placed around the joint, then placed 
in the splicing tool and a few blows with a hammer 
completes the operation. 

The Canton Bmid Terminal 

The bonding tool being light, one man can cai^ 
his tools and do the work. Most methods require 
a helper. 

Needs no trained, high priced mechanics, as re¬ 
quired with welding processes. Any intelligent 
person with the “Canton” bonding tool can make 
a satisfactory bond. 

The bond can be made any desired length and 
placed under or over the splice bar. It is not 
affected by vibrating rail joints nor derailed cars. 
The old copper wire and cables which accumulate 
about the mines can be utilized. 

Requires no soldering nor heat. Gaseous mines 
present no difficulties in installation. Can be quickly 
installed. 
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THE OHIO BRASS COMPANY. 


LINE MATERIAL. 




THE OHIO BRASS COMPANY 


50 Church St., New York 


MANSFIELD, OHIO 

2205 Oliver Bids., Pittsbursh 


Chftrleston Electrical Supply Co., Charleston, W. Ya. 


343 S. Dearborn St., Chicayo 


Products: 

Mine Trolley Hangers; Trolley Clamps; Trolley 
Wire Splicers; Trolley Wheels and Harps; Com¬ 
pressed Terminal and Electric Weld Rail Bonds; 
Bonding Tools; Electric Welding Machines; Trolley 
Frogs; Trolley Cross-overs; Feeder Wire Insula¬ 
tors; Strain Insulators; High Tension Insulators; 
Section Insulator Swritches; Expansion Bolts, etc. 
These are described and listed in our General Cata¬ 
log. We also make a complete line of Brass Valves 
listed and described in our Valve Catalog. Separate 
bulletins describe Crouse-Hinds Imperial Luminous 
Arc, Carbon Arc, and Incandescent Headlights for 
which we are exclusive sales agents in the United 
States. Copies of any or all of these catalogs sent 
on request. 

0-B Mine Section Insulator Switches 

Opened or closed without slipping. Soft rub¬ 
ber handle protects user. 




O-B Bulldog. 


O-B Mansfield. 


O-B Trolley Wheel and Harp 
(Patented) 

Wheel is made of high qual¬ 
ity bronze. 

Wearing surfaces extra thick. 
Furnished with Graphite Bush¬ 
ing and large reservoir filled 
with grease. 

Harp is especially 
desired for mining . 

service. Pivot, set for- 
ward of the wheel axle 
gives trailing action so 
Uiat harp easily follows 
irregularities in the „ , 

troUey wire. 


O-B Type D Trolley Frog (Patented) 



Has only six parts including Renewable Cam 
Tips. 

Installed easily and quickly. 

Strong and sturdy for severe service. 

O-B RaU Bonds 

O-B Rail Bonds reduce resistance in the return 
track circuit, and so speed motors, prevent motor 
trouble and save power. 


O-B Type M Section Insulators 
(Patented) 

Open, switch completely insulates the two sec¬ 
tions. (Closed, there is a smooth all alive, all metal 
underrun. 

Two sizes Type M-1. One size Type M-2. Trol¬ 
ley wheel can run through TYpe M-2 when switch is 
open. 

O-B Trolley Clamps (Patented) 

Retain their unyielding hold on the trolley wire 
in spite of heavy strains. Rugged enough to meet 
the most severe conditions. 

Have plenty of trolley wheel EM 

clearance. Made for all sizes of 
round, grooved and Figure 8 
wire. O-B wedge. 


O-B Premier. 



O-B Type AW-7 Arc Weld Bond—Patented. 

Also made for ball of rail. 

O-B Arc Weld Bonds have certain essential fea¬ 
tures which simplify installation and lengthen-their 
life. Applied with any arc weld machine. O-B 
Resistance Machines have unusual safety, control 
and convenience features. 


O-B Type E-2 Compressed Terminal Bond 
(Patented) 

O-B Compressed and Pin Driven Terminal 
Bonds are made in all sizes and capacities for every 
service. 

O-B Mine Trolley Hangers 

Made in various designs for different conditions. 



^ A 


Dirigo insulation is used in these hangers. Its 
electrical and mechanical strength is remarkable. 

Crouse-Hinds Imperial Headlights 



O-B Trolley Wheel and Harp 
(Patented) 


fW Incandescent 

T Type MH 

Luminous Arc, Typo MLK Entire Headlight 

Maintains Intense Light on Vary- Cushioned by Bight 
ing Voltage Stiff Springs 

Two designs from a complete line of rugged 
headlights for mine locomotives. 
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354 general machinery. 


THE O. H. DAVIDSON EQUIPMENT CO. 


THE O. H. DAVIDSON EQUIPMENT CO. 

1633 Trcmont Street, DENVER. COLORADO 

Ualn 6350 

Manufacturers' Representatives 

Electrical and Metal Mining Equipment and Supplies 


Products 

Arc Welders; Storage Battery Locomotives; 
Rail Bonds; Robertson Process Metal, Ventilators 
and Skylights; Cages; Cagers; Mine Cars; Roller 
Bearing Trucks; Rope and Trolley Clamps; Mine 
Hangers; Trolley Line Material; Portable Mine 
Pumps; Steel Mine Ties; Motors, Generators and 
Transformers; Manila and Wire Rope and Fittings; 
Trolley Frogs; Lamp Guards; Trolley Harps; Sure 
Grip Clamps; Tumbuckles; Tackle Blocks. 


Storage Battery Locomotives 

The Mancha Storage Battery Locomotives, spe¬ 
cially designed for metal mines, are revolutionizing 
haulage methods. They increase hauling distances 
even over grades that make hand tramming im- 



Titan A. X. Type. One of three types in sizes IH to 4% 
tons. Gauges 14 inches up. 

See page 339 for further particulars. 


practicable,^ eliminating sinking of additional 
shafts. Grater loads can be hauled more rapidly 
and cheaply than with trammers or mules. The 
Mancha Locomotive is a self-contained unit, carry¬ 
ing its own source of power wherever it goes, with¬ 
out the use of trolley or cables.- Our engineers will 
be pleased to examine your conditions and recom¬ 
mend suitable equipment. 

Electric Motors and Transformers 

Wagner alternating current motors, generators 
and transformers are especially suitable for min¬ 
ing and milling conditions. Stocks of motors and 
transformers in Denver permit quick delivery and 
dependable service. 


Mine Cars and Trucks 

We sell Enterprise Improved Roller Bearing 
Trucks on an absolute five-year guarantee. Our 
factory in Denver manufactures every type of 
stwl or wooden mine car. We will be glad to sub¬ 
mit designs of any special cars desired. 


Mine Ties and Pumps 

Ask us for descriptive matter on Fairmont Steel 
Mine Ties and Portable Mine Pumps. 


Building Materials 

In the mining and milling field unusual condi¬ 
tions exist which necessitate the use of a building 
covering that will successfully resist severe 
weather, smoke, gases, fumes and condensations. 
The Robertson Process Metal will meet these ad¬ 
verse conditions and give you a building covering 
at less cost and with attractive appearance and long 
life. Ask for catalog and samples. 

Robertson Ventilators and Skylights are also 
particularly adapted to mining and mill use. 

Trolley Line Material 

Representing The Electric Railway Equipment 
Company, manufacturers of a complete line of over¬ 
head Mine Hangers, Sure Grip Clamps, Trolley 
Frogs, etc. Catalog supplied on request. 


Arc Welding Outfits and Rail Bonds 

Erico Arc Welding Equipment solves the rail 
bonding problem and also takes care of general, 
track and shop welding. 



260 Volt Mine Outfit. 


Erico Arc Weld Bonds are easily and cheaply 
installed with this welder. 
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THE ALDON COMPANY. 


TRACK EQUIPMENT. 


THE ALDON COMPANY 

3338-40 Ravenswood Ave., CHICAGO, ILL. 

Manufacturers of 

Car Replacers, Rail Benders, Rail Saws, Track Drills, Car Movers, 

Track Gauges, Track Levels 


Ald<m Car Replacers 

Aldon Car Replacers are of the sinsrle end, 
wedge shaped type, providing a gradual incline to 
the rail. They are built upon the principle of a 
rail switch in that they positively lead the wheels 



Aldon Car Replacer 


to the rails. They do not depend upon gravity. 
The pressure on the frogs being straight dovmward 
until the wheels are suspended over the rail, they 
will not kick out of place. With these Replacers 
the wheels cannot climb over the frogs; they must 
go to the rail. They are especially designed to 
clear low hung locomotives and cars. 



Aldon Car Replacer in Use 


One right and one left are a pair. 

They are made in five sizes, as follows: 

No. 1—Cast Steel, weight 200 lbs. per pair, 
suitable for heaviest equipment and for 100 lb. rails. 

No. 2—Cast Steel, weight 180 lbs. per pair, 
suitable for modem equipment and for 85 lb. rails. 

No. 3—Malleable Iron, weight 100 lbs. per pair, 
suitable for light equipment and for 70 lb. rails. 

No. 314 —^Malleable Iron, weight 100 lbs. per 
pair, suitable for light equipment and for 50 lb. 
rails. 

No. 4—^Malleable Iron, weight 55 ’lbs. per pair, 
suitable for light equipment and 35 lb. rails. 

Our No. 4 is our regular Mine Car Replacer. 


Aldon Rail Saws 

Aldon Portable Rail Saw is a hand operated 
machine, designed to easily and accurately cut rails 
in or out of the track. It provides a clean straight 
cut, and will not break the blades. It is attached 
over the top of the rail, thus it is not necessary to 



Aldon Rail Saw 


disturb the track ballast or fastenings. Its feed is 
automatic with the movement of the handle, and is 
variable and adjustable. All wearing parts are 
bronze bushed, providing for long wear. The ma¬ 
chine weighs but 55 lbs. and is easily portable. It 
will fit any T-rail 6 inches or less in height, and 
will slice off pieces of rail in thickness if de¬ 
sired. It is a great time and labor saver when 
laying new track. 

Aldon RaU Benders 

Jim Crow Rail Benders for all size rails. 

These benders are forged from solid machine 
steel and have machine cut square screws. 



Jim Crow Rail Bender 
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AMERICAN CAR & FOUNDRY COMPANY. 


American Car and Foundry Company 

General Offices 

NEW YORK CHICAGO ST. LOUIS 

ORE CARS 


Products 

Railway coach, dining and sleeping cars. Ex¬ 
press, baggage and mail cars, ^ectric railway 
cars. Freight cars, including box, flat, gondola, 
hopper, dumping and tank t^es and cabooses. 
Special purpose cars for carrying cane, livestock, 
etc. 

ORE CARS of all types and capacities, coal cars, 
industrial and logging cars. 

Chilled iron wheels: Plain, self-oiling and roller 
bearing mine car wheels; freight car, dump car 
and mine locomotive wheels. New wheels mounted 
on old axles or replacements made in exchange for 
old equipment. 

Gray iron castings: Light and heavy castings 
of all descriptions for cars, locomotives, and mines; 
also building and mine columns. 


Cast iron flange pipe and fittings; bell and 
spigot fittings. 

Merchant bar iron: Refined and extra quality 
iron in rounds, squares, and flats. 

Merchant Forgings: All kinds of freight, 
passenger and mine car forgings, bent and punched 
plates, and forgings for general trade. 

Axles: All sizes, steel and iron. Particular 
attention paid to axles for small cars. Heat-treated 
axles a specialty. 

Car parts, including bolsters, journal bearings, 
brake b^ms, arch bars, couplings, iron and wood¬ 
work complete, and for any part of freight, passen¬ 
ger and miscellaneous cars. Car trucks for any 
class or capacity of cars. 

Iron body gate valves; bolts, nuts and rivets. 

Berwick Electric Rivet Heater. 





76-TON STEEL ORE CAR 

Capacity 150,000 Pounds or 900 Cubic Feet Level Full 


Length over end sills. 

Lengrth inside . 

Width over side sills. 

Width inside . 

Heisrht from rail to top of sides 


21 ' 

19' 10 
9' lOH"^ 
9' 

10 ' 2 
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AMERICAN CAR & FOUNDRY COMPANY. 


CARS AND WHEELS, 



A. C. & F. Co. Standard Two-way Dump Car 

Length, over all—12 feet 6 inches. 

Width, over all—7 feet 7 inches. 

Height, over all from top of rail—5 ft. 7^ in. 
Length, inside—8 feet 3 inches. 

Width, inside—6 feet 6 inches. 

Height, inside—2 feet 0 inches. 

Wheel Base—4 feet 0 inches. 

We make these cars of all sizes and capacities. 


Steel Underframe Two-way Dump Car 

50,000 pounds capacity. 

Length, over end sills—^21 feet 2 inches. 
Len^h, inside—18 feet 0 inches. 

Width, over side sills —7 feet ly^ inches. 
Width, over all—8 feet 9V^ inches. 

Height, rail to top of car—^ feet IIV^ inches. 
Truck, Wheel Base—5 feet 4 inches. 


CHILLED IRON WHEELS 


Plate Type Motor. 


Spoke Type Motor. 


Spoke Type Motor. 



Plain Counter 
Bore. 


Closed Hub 
Spring Oiler. 


Plain 

Hub. 


Closed Hub 
Center Oiler. 


Arch 

Oiler. 


(elf Oiling 
>pen Hub. 


Spoke Type 
Street Cdr. 


standard and special designs of chilled iron wheels for all types of mine equipment. Plain or self- 
oiling; open or closed hub; closed hub with visible linch-pin; roller bearing t 3 q)e and motor wheels. 

The standard wheels throughout the world are chilled iron. Naturally, the accepted standard is our 
specialty, with the added improvements which many years of manufacturing experience have developed. 
Our own formula for wheel mixture assures long Ufe as the result of excellent wearing qualities. 

Foundry capacity 12000 to 15000 wheels per month. 

Excellent facilities for refitting new wheels on old axles. 

Our Engineering Department is at your disposal. 
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358 WHEELS. 


BAKER CAR COMPANY. 


BAKER CAR COMPANY 

HARRIMAN, TENNESSEE 

Manufacturers of 

Cars, Trucks, Motor Wheels, Sheave Wheels, Incline Rollers, 

Sand Driers, Etc. 


Products 

Cars for All Classes of Mining Work, Quarry Cars, Industrial Cars, Trucks, Motor Wheels, Sheave 
Wheels, Incline Rollers, Sand Driers, etc. 



One Type of Car for Use In Ore Mines 


One Type of Quarry Car. These Cars Can Be Made of 
Wood or Iron, or of Wood and Lined with Steel Plate. 




Style C Roller Bearing Wheel Equipped with 
Hyatt Flexible Bearing 



Style C Self-Oiling Wheel 


We have various wheel patterns to select from and we can build cars to your specifications. 

WE SOLICIT YOUR INQUIRIES 
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EASTON CAR & CONSTRUCTION CO.* 


CARS. 


359 


EASTON CAR & CONSTRUCTION CO. 


Branches 


NEW YORK 
BOSTON 
PHILADELPHIA 
PITTSBURGH 


Main Office and Works 

37 Holley St., EASTON, PA. 


CLEVELAND 
DETROIT 
CHICAGO 
ST. LOUIS 



Branches 


SPARTANBURG 
ATLANTA 
DALLAS 
KANSAS CITY 


SALT LAKE CITY 

DENVER 

LOS ANGELES 


QUARRY CARS- FROGS-SWITCHES-RAILS 


Products 

Quarry Cars; Frogs; Switches; Rails. 

The illustrations given here show only five 
typical Easton Quarry Cars. 

We build a great many different types for all 
kinds of quarry work. 

The fine service rendered by them under severe 
operating conditions is an indication of their cor¬ 
rect design and excellent construction. 

“Quarry Car Practice,” a profusely illustrated 
study of quarry cars and their use, published 
serially in Bulletin form, will be sent on application. 
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CARS 


JOSHUA BENDY IRON WORKS, 


JOSHUA HENDY IRON WORKS 


ESTABLISHED 1866 

General Office 

61-75 Fremont Street, SAN FRANCISCO, CALIFORNIA 
Works—Sunnyvale, Santa Clara Co., California 
Manufacturers of 

Minings Industrial and Constraction Machinery 


/Ml NI NO MACHINERY 

Products 

Car Building Division—^Mine Cars, Ore and 
Quarry Cars and Skips of every description; Chilled 
Car Wheels; Logging and Plantation Cars; Trucks, 
plain and roller bearing; Industrial Cars for every 
purpose; Buckets; Sheaves; Turntables; Frogs and 
Switches. 

For other products see pages 401, 528, 529, 630 
and 631. 


Same as Type **D’* to left, 
but fitted with Hyatt Roller 
Bearinf?s. 


“Matteson” Type “D” Mine 
Car. Automatic Door Latch 
Device. 


'Matteson” Mine Car Features 


"Matteson” Steel Frame Auto¬ 
matic Side Dump Car. Same 
as car to left but fitted with 
Hyatt Flexible Roller Bear- 


Light Railway Car 


“Matteson” Type “E” Mine 
Car. Standard equipment, but 
with brakes and bar coupling. 


Bucket Car 


Hendy’s Ideal Car. An either 
way or double side dump “V” 
shape body car. 


“Matteson” Lever Handle 
Cage Car. Same as “Matteson” 
Type “E” Car, but with verti¬ 
cal front and back. 


“Matteson” Scoop Car. De¬ 
signed for handling wet ma¬ 
terials. • 


Views showing Side Dump Car—Heavy type. 
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KENOVA MINE CAR COMPANY. 


CARS AND WHEELS. 




KENOVA MINE CAR COMPANY 

Factory and Office: KENOVA, W. VA. 


Machinists 



Founders 


Trade Mark Registered 

Engineers 

Products 

Wood, Steel and Composite Mine Cars; Quarry and Ore Cars; Industrial Cars; Trucks; Plain and 
^ Roller Bearing 'V^eels; Axles; Car Irons; Castings; Car Accessories. 

Every part of a Kenova Car is made to a template, insuring perfect fit 
and interchangeability. Kenova Cars represent the most advanced car engd- 
neering, and are built of the best materials, and by the finest workmen obtain- 
able. They are as nearly fool-proof, trouble-proof and as low in cost per mile 
^ built. Kenova Cars have but one quality—^The Best Kenova Can 


The Truck 

Our standard g 

■■|||K wheel designs I 

are as illus- t 

Kenova-Hyatt Roller Bear- tratcd. Special ^ 

lag, Elxposed Idnch Pin Type designs may be i _ 

made to cover special conditions. V . 

Wheels are cast in our own foundiy, |i 1 
in accordance with the most scientific 
and latest approved foundry practices. H 

They carry a deep, uniform chill and p 

are carefully annealed. On our stand- 1^ 

aid truck we use cold rolled open hearth | 

steel axles, .40-.50 carbon. The truck 
is held to a perfect track gauge through 
the use of a steel channel plate, bolted 
to the journal boxes. It is held to a perfect wheel 
base through the use of an inside and an outside 
steel tie strap. It should be noted that our stand¬ 
ard plain and roller wheels are interchangeable. 

Guarantee 

Kenova Trucks carry an unqualified guarantee. 
We are back of every car we build until the 

day the buyer is satis-_ 

fied. We’re behind our 
product without reser- j 
vation. I 





Prices 

Kenova Cars are not high priced 
when quality is considered. It is more 
economical to be permanently pleased 
with long and reliable service, than it is 
to be temporarily 
pleased with mere 
low price—and then Ci h. 

have to worry along 
with the article’s BbHH 

shortcomings. 


Deliveries 



Our plant has the 

ao'Sd EndT^I"' greatest capacity of 
any similar plant m 
ect wheel the country. Hence, we are in 
n outside a position to offer excellent de- 
ur stand- liveries. 


Engineering Service seit-oiimswueoi. 

• j. • • • Plain Bearing 

We maintain an en^eering 

service that is yours to consult. 

-—-1 'This will not obligate 

you in any way. 


The one sure way 
to know car values is 
through investigation. 
Kenova Cars face any 
comparison, and show 
extra values. 







Let Us Estimate • 
Upon Your 
Requirements. 


Next Time— 


Buy Kenovas 
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202 air DUMP CARS. 


THE KILBOURNE & JACOBS MFG. CO. 


The Kilbournc & Jacobs Manufacturing Co. 

Executive Offices: COLUMBUS, OHIO 
NEW YORK—120 Broadway 
Manufacturers of 

Automatic Air Dump Ore Cars 



“K & J” All Steel Automatic Air Dump Car, Capacity 30 Cu. Yds. 

This Car Is also made In level capacities of 16, 20, 26 and 33 Cu. Yds. 


General 

The Kilbourne & Jacobs Manufacturing Co., Co¬ 
lumbus, Ohio, is the originator and pioneer builder 
of automatic two way, air dump cars. Automat¬ 
ically controlled air dump cars, developed, designed 
and built by the company have been in wide use 
for over fourteen years and have withstood the 
heaviest service. They have been successfully em¬ 
ployed on the Missabe Iron Range, in the western 
heavy metal mines and in the heaviest class of pit 
and quarry work. 

At the present time these cars are extensively 
used in quarries, iron mines and copper mines as 
well as in general railroad construction and main¬ 
tenance work and in various other industrial en¬ 
terprises. Their design and construction is such 
as often to afford a practical means of effecting 
large economies in the rapid and safe handling of 
large quantities of bulky and refractory materials. 


The “K & J” Dump Cars 

The “K & J” Air Dump Cars are entirely auto¬ 
matic under all conditions. Operating air is drawn 
from a storage reservoir on each car. The reser¬ 
voir is charged from the regular air brake train 
line and has a capacity sufficient to operate the 


loaded car two or more times independently of the 
locomotive. The operation of dumping a single car 
or any number of connected cars requires no more 
than 10 seconds. The complete operation, that of 
unlocking, dumping, and re-locking is accomplished 
by means of two simple levers, one for each side. 
When the car is in the dump position, the door is 
elevated in a plane parallel with the floor, thus giv¬ 
ing full dumping clearance. Trains may be oper¬ 
ated from any connected car, and cars may be 
dumped all to one side, al¬ 
ternate cars to opposite 
sides, or any connected sec¬ 
tion to one side and the re¬ 
maining to the other. 

The “K & J” cars con¬ 
form to the practice recom¬ 
mended by the Master Car 
Builders’ Association and 
meet the requirements of 
the Interstate Commerce 
Commission. Those most 
widely used are Model R-20, 

Model R-30 and Model C-16, 
having capacities of 20, 30 
and 16 cu. yds., respectively, 
when level full. They are 
made according to the follow¬ 
ing specifications: 


TRASK MARK 





•TC & J” All steel Auto¬ 
matic Air Dump Cars are 
covered by patents as fol¬ 
lows: 

872,067—Nov. 26th, 1907. 
907,218—Dec. 22nd, 1908. 
921,376—May 11th, 1909. 
973,229—Oct. 18th. 1910. 
1,029,247—June 11th, 1912. 
1,034,418—Aug. 6th, 1912. 
1,057,413—Apr. ls^913. 
1,178,208—Apr. 4111^916. 
1,236,368—Auff. 7th, 1917. 
1,281,608—Oct. 16th, 1918. 
Other patents pending:. 



Model R-20 

Model R-30 

Model C-16 


80,000 lbs. 

•1.6 degrees 

32 ft. in. 

10 ft. 2 in. 

19 ft. 

8 ft. In. 

.62.000 Ib.s. 

100,000 lbs. 

45 degrees 

4 0 ft. 3 in. 

10 ft. 6 In. 

26 ft. 

8 ft. 10% in. 

74.000 Ib.s. 

60,000 lbs. 

45 degrees 

80 ft. H in. 

10 ft. 2 In. 

16 ft 

7 ft lOH in. 
46,200 lbs. 

Angle of dump. 

Length over couplers. 

Maximum width. 

Center to ci nter of truck. 

Top of rail t»top of body. 

Annrovmnto weight. 
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LAKE SHORE ENGINE WORKS. 
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End Dump Wood Truck Type with 
Class H Hyatt Roller Bearing Trucka 
Made in 30 to 60 cu. ft. sizes. 


Gable Bottom Motor Cars—Oliver 
Type—with Class P Hyatt Roller Bearing 
Trucks. Made In 35, 45, 55 and 65. cu. ft. 
sizea 


Round Bottom Rotary Dump Car 
with Class E Hyatt Roller Bearing 
Trucks. Made in 12 to 32 cu. ft. sizea 


LAKE SHORE ENGINE WORKS 

MARQUETTE, MICHIGAN 

Manufacturers of 

Mining and Industrial Cars 


Mine Cars 

Our line of mine cars is so large and of such great variety 
that it is only possible to illustrate here a few of our stand- 
and types. However, we can furnish cars to meet all conditions 
of service, as to capacity, track gauge, method of dumping, 
etc., and will cheerfuly send catalog and full information 
upon receipt of data as to your requirements. 


Mine Car Trucks i 

Hyatt Roller Bearings are standard equipment for our 
roller bearing cars. This makes a self-contained unit; rollers 
cannot drop out when wheel is removed from axle; 50% less 
power is required to move a car; ideal lubrication is assured. 


Products 

A complete line of all steel mine cars of all sizes and 
capacities, including Rock Cars, Rotary Dump, etc^; Rotary 
Car Dumpers; Cast Iron Car Wheels, Plain and Roller Bear¬ 
ing; Car Trucks; Mine Cages and Skips; Skip Safety Devices; 
Water Bailers; Rope Sheaves. For other products, see Pages 
402, 403 and 415. 


These cars are completely described in our general car 
catalog furnished (m application. 


Solid Box Mine Car used with Rotary Dump 
with Class F Hyatt Roller Bearing Trucks, 
^'"de in 42, 55 and 65 cu. ft. sizes. Can be used 
with Car-Dumper & Equipment Company’s 
Rotary Dumper. See Pages 410 and 411. 
























00^ WHEELS. 


LOBDELL CAR WHEEL COMPANY. 


LOBDELL CAR WHEEL COMPANY 

Established 1886 

WILMINGTON, DELAWARE 

Steel and Iron Founders and Machinists 


r 

Prodhicts 

Car Wheels of every description, complete run¬ 
ning: gear for Mine and Quarry Cars, Locomotive 
Wheds, A^Os and Tires; Refitting and Repairing 
a Specialty; Iron and Steel Castings. 

. For almost 86 years this company has concen- 

ti^ated on the manufacturing of car wheels and 

» * 

allied articles of chilled iron and steel, and has to¬ 
day the largest and best equipped plant for this 
c^ass of work in this country. 


We are equipped with over 500 patterns for 
wheels of different sizes and kinds of service, with 
patterns for various kinds and sizes of journal 
boxes, with complete machine equipment for fitting 
wheels and axles, and similar machine work. 

We also make Special High Carbon Chrome 
Alloy Steel Castings and Chilled or Hard White 
Iron Castings for conveying and crushing ma¬ 
chinery and the like. 

We invite your inquiries and an opportunity to 
SERVE. 


OUR WATCHWORD IS SERVICE 
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OGDEN IRON WORKS CO. 


CARS. 



These cars are equipped with style of truck 
shown above, having roller bearing radial and ball 
bearing thrust load features and are provided with 
universal turntables and rotaiy dump, rigidly 
built bodies. Bodies are fitted with heavy bumper 
beams and coupling chains. 


SUver Ulne Cars (Batentsd April •, l*lt—Other PaUnts Pending) 
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jr truck 


10000 lb 


OGDEN IRON WORKS COMPANY 

Works: Ogden, Utah Main Office: Ogden, Utah 


Mine Car Manufacturers 


Diameter of 
Wheel I Axle 


t •lO" 
12 " 
• 12 " 
12 " 
• 12 " 


MINE CAR TRUCKS 


Load Capacity at 6 Price of 

Miles, Per Hr. Truck 


g*|.»hMU •» 
0P0Clf.«T4Jt 
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•**“*55*^ 
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CARS AND WHEELS. 


SANFORD-DAY IRON WORKS. 



.ANrORD DA' IRON WHKS. 
KNJXVlLLf.. TENhJ. 




WM ITNQr YlQHOfM 
amiBBUJMWMUl 


Fig. No. 7B-4. Side Dump 


w)yHroM> wo^ 


SANFORD-DAY IRON WORKS 

Main Office and Factory: KNOXVILLE. TENN. 

Makers of 

Super-Mine Cars, Automobile Type, with Whitney Wonder Roller 

Bearing Wheels and Floating Axles 
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Fig. No. 3A-4. Rotary Car. 


Fier. 17B-4. Automatic Gar. Doors Dropped. 


Fig. No. lD-4. Truck, Style WS-4. 


WHITNEY WONDER ROLLER BEARING TRUCKS—USED 
BY THE BIGGEST FELLOWS 

Pictures Taken From Our Lar^e Catalog 25-M 


Fig. No. WS-6. Truck. 
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SOUTHERN WHEEL COMPANY. 


CARS AND WHEELS. 


SOUTHERN WHEEL COMPANY 

General Offices, Reiilway Exchange Building, ST LOUIS, MO. 

PLANTS AT ST. LOUIS, MO. AND BIRMINGHAM, ALA. 

Mine Cars and Mine Car Trucks 


Products 

Mine Cars of Wood, Steel and Composite; Roller 
Bearing Mine Car Wheels; Plain Mine Car WTieels; 
Mine Car Axles; Hollow Axle Trucks for Mine 
Cars. 


Hollow Axle Truck 

The Hollow Axle Mine Car Truck was developed 
to meet the severe conditions encountered in slope 

BELT 



CHILLED TREAD 


CHILLED AMO GROUND 
FACE OF WHEEL 


BUTTS PLATE 


WASHEI 


COTTER PIN 


STEELCUP 
OIL VALVE-- 


AXLE BOX 

STEEL THRUST WASHER 
OIL VALVE SPREADER 


VALVE SPRING 


OIL PORTS REGISTER WITH 
GROOVE IN WHEEL 


Sectional View of Wheel and Hollow Axle Truck 


haulage mines where the speed of the cars will run 
from 1,800 to 2,400 feet per minute. Having 
proved successful under such severe conditions, it 
will meet the requirements of normal haulage 
systems. 

Construction 

The axle is made of .35 to .40 carbon cold drawn 
seamless tubing, having a hard bearing surface to 
resist wear, and an elastic limit of the steel of 
from 70,000 to 80,000 pounds per square inch, and 
a Brinell hardness of 170. 

The HOLLOW AXLE has the least weight for 
a known strength or stiffness. Therefore, it gives 
the maximum of strength for the minimum of 
weight. 

It permits of large bearing areas in the wheel 
to reduce wear, without increasing the weight of 
the axles. 

Its hard, cold drawn surfacOj together with the 
improved oiling system, offers the greatest re¬ 
sistance to wear and reduces friction to a minimum. 

Being hollow and of uniform diameter from end 
to end, it provides the most desirable form of reser¬ 
voir for oil or grease, which is fed out of the axle 
into the wheels by gravity while the wheels are 
running. 


There are no plugs, felts, rollers, cages, keys, 
blocks, etc., used in this construction; it can be 
lubricated without taking the car off the run with 
a grease gun, all wheels being oiled from one side 
of the car. 

Inner face of wheel hub where it takes the 
thrust is chilled and runs against a steel washer, 
which, in turn, bears against the axle box. This 
type of thrust bearing is practically indestructible 
and will hold the wheel to its original gauge indefi¬ 
nitely and permanently and keep the wheel flanges 
from rubbing the sides of the car. 

Advantages of the Hollow Axle Truck 

Greatest resistance to shocks per pound of weight. Will 
always run true and can not get out of square with the 
draw bar. 

Axles always in line with each other; it is flexible and 
adjusts itself to uneven track. 

Can be oiled or greased with a grease gun without screw¬ 
ing the gun into the wheel or without removing a plug. 

A one-piece wheel, with extra large bearing area to 
reduce wear. 

Axles have double the strength of solid axles, weight for 
weight. 



PLATL BOITCD TO DRAW BAR 


Hollow Axle Truck Attached to Car Bottom 
Not an Experiment 

■^e first 100 sets of HOLLOW AXLE TRUCKS were 
put in service in August of 1914. There are now more tlian 
12,000 sets in service, mostly in the coal and ore mines of 
Alabama. They are also operating successfully in Virginia, 
Kentucky, Illinois and Mexico. 

In this wheel there is an absence of screwed plugs, caps, 
bolts, etc. The steel cup is pressed in tight, after which the 
cotter pin hole is drilled. Oil hole is 1%" back from end of 
axle, away from the dirt. Bearings are open for inspection. 
Wheel face has deep chill. 

WRITE FOR LITERATURE. 
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HYATT ROLLER BEARING COMPANY. 


ROLLER BEARINGS. 


HYATT ROLLER BEARING COMPANY 

NEW YORK, N. Y. and SAN FRANCISCO, CAL. 

Hyatt Roller Bearings for Ore Cars 


Why Hyatt Equipped Ore Cars Are a Good Investment Maintenance Saving 

Ore cars equipped with Hyatt bearings effect large Due to their design and their chrome-vanadium 
savings in power where mechanical haulage is used, cut steel rollers, Hyatt bearings operate for years with- 
lubrication costs, reduce upkeep of cars and locomotives; out appreciable wear and, ther^ore, without the neces- 


they make the trammers more willing to 
work because the cars push very easily 
and remove the back-breaking drudgery 
from their work. Ore cars equipped with 
Hyatt bearings are sing^ilarly free from 
the need of repairs, consequently they 
are ready for work day in and day out. 

Power Saving 

By a series of tests whose accuracy 
is vouched for by a number of the most 
prominent engineers associated with the 
mining industry, it has been proven that 
a reduction of at least 50% in draw bar 


sity of adjustment or replacement. They 
also lessen the load on locomotives and 
thus eliminate storage battery strains 
and excessive wear on gears and 
pinions. 

Who Uses Hyatt Bearing Ore Cars 
There are thousands of Hyatt equip¬ 
ped ore cars giving dependable, econom¬ 
ical, easy-running service in hundreds of 
the largest mines throughout this coun¬ 
try and abroad. Many large companies 
such as Anaconda Copper and the Phelps- 
Dodge interests have standardized on 



nil (the force in pounds per ton required to move a car) can 
e expected from cars equipped with H^att bearings. 

There is an even greater reduction in the starting effort 
as a plain bearing car requqires 2^ times as much effort to 
start from rest as does a Hyatt bearing car. 


Hyatt equipped ore cars and have replaced all old-fashioned 
plain bearing cars. In Phelps-Dodge’s Copper Queen mine 
alone there are over 1900 Hyatt cars, the first of which were 
put in operation in 1909, and are still giving excellent 
service. 



Benjamin Terry, 4 Years Old, Easily Pushing a Two-Ton Load on a Hyatt 
Bearing Equipped Ore Car. 

These easy running cars are also greatly appreciated How to Get Hyatt Bearing Ore Cars 
where hand tramming and mule haulage are used. The majority of the leading manufacturers of ore cars 

have been furnishing Hyatt bearing cars for many years and 
Lubrication Saving are prepared to give you the best type of equipment. Their 

Users of Hyatt equipped ore cars report that their lubri- designs have been worked out with the co-operation of 

cation charges are r^uced to from 60 to 80% of what they Hyatt engineers and embody the most practical ideas in 
were when they used old fashioned plain bearing cars. This mine haulage equipment, 
is due to the fact that Hyatt bearings only require lubrica¬ 
tion three or four times a year. Competent Hyatt engineers will work with you and 

The grease-tight housings hold a liberal supply of lubri- your ore car manufacturer in the selection of the best 

cant and the alternate right and left hand slots in the type of Hyatt bearing car to meet your needs, without 

rollers distribute the lubricant constantly over all bearing obligation, 
surfaces. 



Typical Hyatt Bearing Ore Car Design With Continuous One Piece Axle Housing. 
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STAFFORD ROLLER BEARING CAR TRUCK CORP. 


ROLLER BEARINGS. 


Stafford Roller Bearing Car Truck Corporation 

Plant and Executive Offices 
LAWTON, MICH., U. S. A. 

Stafford Frictionlcss Roller Bearings for Mining Car Trucks 

Lighten Loads and Reduce Haulage Costs 


The Stafford is the only practical roller bearing 
capable of withstanding the rigors of railroad serv¬ 
ice, and it brings to the Mining Car the same oper¬ 
ating efficiency that results from its application to 
standard railroad car trucks. 

These bearings lighten the load by the reduction 
of journal friction more than 90 per cent. Thus it 
is possible to move cars with less imwer or to ma¬ 
terially increase capacities without increasing pres¬ 
ent power facilities. 

The bearings are readily applied to existing 
equipment without making any important changes, 
and once in place they will endure indefinitely, and, 
on mining cars, require lubrication but once in two 
or three years. 

Stafford Roller Bearings are made in a most ex¬ 
acting manner from selected chrome steel, and the 
rollers are so arranged in the substantial steel cage 
as to give a constant support to the load carri^. 


They are built for heavy duty, and the fact that 
these bearings have been in test service on the 
Michigan Central Railroad since October 15, 1920,. 
without repairs or upkeep cost and have shown a 
perfect perfonnance record, without the develop¬ 
ment of hot boxes or other journal difficulties, is 
conclusive proof of their practicability. 

They prevent derailments from excessive end 
thrusts, reduce power costs 50 per cent, completely 
eliminate cold weather journal difficulties and end 
lubrication troubles. 

Stafford Roller Bearings are manufactured for 
standard railroad car equipment, electric railway 
car journals, mining cars, automobiles and motor 
trucks, line shafts and general machinery. 

Mail us an outline of your requirements for roller 
bearins^ and we will send detailed data, including 
blue prints, cost of installation and estimated sav¬ 
ings. No obligation. Address all communications 
to our main office at Lawton, Mich. 




3Y0 track EQUIPMENT. 


THE AMERICAN FROG & SWITCH CO. 


THE AMERICAN FROG & SWITCH CO. 



Main Office and Works 

HAMILTON, OHIO 

Railway Track Equipment 



Products 

A complete line of Track Elquipment for Steam Railways, Mine and Industrial Service, fabricated 
from every section and weight of rail. Our manufacture includes all types of Railroad Frogs, 
Switches, Crossings, Switch Stands, Rail Braces and Tie Plates together with Special Layouts and 
Main Line Turnouts. 


American “MANGAN” Steel Frog 

The “MANGAN” is the original “AMERICAN” design and is cast from our special alloy steel. 
The “MANGAN” is guaranteed against breakage and to give longer service than any other steel or 
rail frog offered on the market today. Though designed especially for mining purposes, the “MAN¬ 
GAN” is cast for any angle and to be used with any weight of rail and is furnished complete with 
all necessary bolts. The “MANGAN” is the cheapest frog to buy and will give five times the service 
of any other frog. 



American “Mangan" Steel Frog Design No. 91 


AMERICAN Design 95-LJ Split Switch 

This Split Switch is designed for rail weighing 
fifty pounds and upward and for heavy duty in the 
mines and quarries. It is furnished complete with 
die formed steel lugs, rail braces, friction or slide 
plates. This length is equipped with two switch 
bars. We furnish all types of split switches. 



Ground Throw Switch Stands 

In the opposite column we illustrate our Design 
30 Switch Stand, throwing parallel with the track. 

Let Us Quote On Your Requirements 


It is the approved safety type. The stand is also 
made to operate automatically. Note the easy grip 
handles. All connecting rods are of solid for^ng 
bars without welds. We manufacture all designs 
of switch stands. 



Desig^n No. 30 Ground Throw Switch Stand 


Write For Our Catalogues 
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THE C. S. CARD IRON WORKS CO. CARS AND TRACK EQUIPMENT. O 


THE C S. CARD IRON WORKS CO. 

DENVER, COLORADO 

Manufacturers of 

Mine Cars, Trucks, Rope Haulage and Track Equipment 


Products 

Mine Cars, Industrial Cars Track Accessories Cashes 

Trucks, Plain & Roller Bearing Sheaves and Rollers (Track) Skips 

Car Couplings (Hitchings) Chutes, Hoppers and Bin Gates Revolving Screens 

Wheels, Plain & Roller Bearing Shaking Feeders Bar or Grizzly Screens 

F^ogs and Switches Cars, All Purposes Dumps, All Kinds 

Switch Stands Rope Sheaves Rail Benders 

Crossings and Crossovers Bicycle Spoke Sheaves Gravity Plane Sheaves & Drums 

Grease Guns Rescreening Plants Weigh Hoppers and Baskets 


Mine and Industrial Cars 

We are prepared to furnish cars for mines, 
mills, quarries, smelters, etc., made either to your 
specifications or we will design a car to suit your 
requirements. Estimates cheerfully furnished. 

Wheels and Tracks 

The illustration shows a roller bearing grease 
packed wheel with round axles and packed pedes¬ 
tals, which will run from three months to a year 



Holier Bearing Wheel 


on one lubrication depending on conditions. We 
make trucks with both plain and roller bearing 
wheels in combination with both round and square 
axles. 

All wheels and castings are made in our own 
foundry where we can control the quality. Our 
specialty is chilled castings, particularly wheels 
which we make in both plate and spoke patterns. 

By the time this catalog is off the press our 
Patented Combination Truck and Spring Drawbar 
will be on the market. Ask for descriptive liter¬ 
ature. 

General 

We have been manufacturing haulage equip¬ 
ment for the past thirty years. We operate our 
own foundry, forge and sheet metal shops, machine 
shop and wood working shop which allows us to 
control all the operations in our output. 

Our general catalogue showing and describing 
our line in detail will be mailed on request. Your 
orders and inquiries are solicited and will be given 
prompt and courteous attention. 

MINING CATALOG 


Track Equipment 

We make a complete line of rail work consist¬ 
ing of frogs, switches, crossings, crossovers, switch 
stands, etc., for mines, mills, smelters and indus¬ 
trial plants. 



Portable Track 


Rope Haulage Equipment 

We make and carry in stock rope sheaves, curve 
sheaves, bicycle spoke sheaves, bull wheels, slope 
and knuckle rollers made with both grey iron and 
chilled faces. It is the most complete line in the west. 



Rope Sheaves 


The photographs illustrate but three of the 
styles we make. 
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TRACK EQUIPMENT. 


THE CENTRAL FROG & SWITCH CO. 


THE CENTRAL FROG & SWITCH CO. 


GEORGE ASHTON, 
President 


CINCINNATI. OHIO 


E. R. HEITZMAN, 

Secretary & Treaanrer 


—Manufacturera— 

Frogs. Switches. Crossings. Crossovers. Switch Stands. Turnouts, and Special 
Track Work for Mines. Mills and Railroads 


Products 

We manufacture a general line of track equip¬ 
ment such as Frogs. Switches. Crossovers, Cross¬ 
ings, Guard Rails, Guard Rail Clamps, Tipple 
Trades, Incline Layouts, Room Turnouts, Tie Plates, 
Steel Ties, Portable and Industrial Track of every 
description. 

Specialty 

We make a specialty of light rail Track Elquip- 
ment for MINES. 

And maintain an expert engineering staff who 
will make a study of your specid requirements. 

Let us solve your transportation problems. 

We will desi^ your Layouts and make no 
charge for consulting engineering. 



Switch with Spring on Head Rod. 












































ELUOT FROG & SWITCH CO. 


TRACK EQUIPMENT. 
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ELLIOT FROG & SWITCH CO. 

PUEBLO, COLORADO, and EAST ST. LOUIS, ILLINOIS 

Manufacturers of 

Frogs, Switches, Crossings, and General Track Work 
Special Work for Mines and Smelters 



E^st St. Louis (Illinois) Plant 


Pueblo (Colorado) Plant 


Mine Stand Light Kail Split Switch With Malleable Clips 

Send Us Your Inquiries When in the Market For Light Weight Track Material 
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L. B. FOSTER COMPANY, INC. 


L. B. FOSTER COMPANY, Inc. 

ESTABLISHED 1899 
General Offices 

PITTBURGH, PA. 

NEW YO^ CITY, 154 Nassau Street 
Plants and Warehouses 

PITTSBURGH, PA. JERSEY CITY, N. J. 

PHILADELPHIA, PA. HAMILTON, OHIO 

RAILS 

Frogs, Switches, Splice Bars, Spikes, Bolts, Nuts, 
Tie Plates, Braces, Etc* 

All Sizes for Main Line Track, Sidings, Extensions, Repairs 
Complete Track Installations 




Relaying Rails 

In stock and at various points throughout the 
United States we have thousands of tons—all sizes 
—Strictly First Class Relaying or Used Rails with 
the Accessories to match. We specialize in this 
material and can save you from 20% to 50%. Rails 
are invariably inspect^ prior to and during loading 
by our Inspectors, who have had years of experience 
as Railroaders and Track Builders. 

Rails cut to specified len^hs for concrete rein¬ 
forcing work, buckstaves, mine supports, or struc¬ 
tural and building work. 

Frogs and Switches 

We manufacture all kinds of regular and indus¬ 
trial track work for Steam and Electric Railroads, 
Mines, Contractors, Quarries and Logging Rail¬ 
roads, Portable Track. 

Track Accessories 

Bolts, Nuts, Spikes, Tie Plates, Rail Braces, Car 
Movers, Rail Benders, Rail Forks, Rail Tongs, Drills 
and Saws. 


New Rails and Accessories 

Purchasing large tonnages of New Rails and 
Track Accessories from various mills throughout 
the country enables us to quote manufacturers' 
prices—and very frequently less. 

Rails—New or Relaying—cut to length, drilled 
for bonding, curved or bent for special work. 


Rail Splices—^New and Second Hand 

For years we have made a specialty of supply¬ 
ing Splice Bars, Angle and Plain, in any quantity 
guaranteed to fit all sections no matter how old or 
how modem the rail. We have the patterns for all 
drilling and sections, sizes 8 lb. to 125 lb. Can 
furnish with or without bolts. To secure accurate 
fit send by express a sample of bar or template. 

We make Combination Splices to connect rail 
sections of different height and drilling. 


Our Guarantee Your Insurance For Quality 



Material in Stock—35.000 Tons Carnegie Warehouse 


Facilities 

Our Plants and Warehouses are centrally located: Pittsburgh, Pa., Philadelphia, Pa., Jersey City, N. J., 
Hamilton, Ohio; which insures quick transportation service with minimum freight charges. 

At our Plants we have installed the most modem machinery for bending, drilling and cutting rails 
for any purpose whatsoever. 

RAILS CUT AND DRILLED TO MEET ANY SPECIFICATION 
Less Than Carload Orders Given Careful Attention 
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M. K. FRANK. 


RAILS. 




M. K. FRANK 

Frick Bldg., Pittsburgh, Pa. 


Independent Phone 
Main 275 


Long Distance Phones 
Grant 

Grant ^ ^^,^3 


New and Relaying Rails, 

^ Spikes and Bolts, ^ 

Track Equipment, Bridges, Structural Steel 


Products 

New and Relayinsr Rails; New and Used Track 
Elquipment, Portable Track, Locomotives, Mine 
Cars, Frogs, Switches, Turnouts, Switchpoints, 
Turntables, Spikes and ^Its, Trolley Wire, Bridges. 

In Stock Ready for Shipment 

NEW RAILS—12 lb., 16 lb., 20 lb., 26 lb., 30 lb., 
35 lb., 40 Jb., 45 lb., 50 lb., 55 lb., 60 lb., 70 lb., 85 lb., 
100 lb. sections, always on hand with Irars to match. 

RELAYING RAILS—110 tons, 20 lb.; 200 tons, 
30 lb.; 400 tons, 40 lb.; 200 tons, 60 lb.; 1,000 tons, 
70 lb.; 1,400 tons, 86 lb.; 900 tons, 90 lb.; 400 tons, 
100 lb. Splice and Angle Bars to match. 


Trdley Wire 

Several miles of 4-0 and 2-0 grooved troUey wire, 
second hand, in first class condition. Immediate 
shipment. 

Bridges 

Assortment of various lengths in either 
Through Plate or Deck Plate Girders and I Beams. 
Overhead Trusses. 




Section of Bridge 


Spikes and Bolts. 

Frogs and Switches. 

Complete Turnouts and Single Frogs. 
Switch Points for any section of rail. 


. Portobfe Track 

Freight and toduatrial locomotives, up to 70 deliveries. Any desired length, 

tons, all gauges, fit for switching purposes and Turntables 
sreneral haulage. Can supply your needs. 



Mine Cars 



Dimension View of Mine Cars in Stock 


A newly equipped 
plant for making Mine 
Cars to your own spec¬ 
ifications. 

A number of new 
Mine Cars of standard 
specifications, 36" and 
42" gauge track, al¬ 
ways on hand for im¬ 
mediate shipment. 

Also a number of 
second hand, good, ser¬ 
viceable Mine Cars, 
various specifications 
and gauges, carried in 
stock. 
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gyfi RAILS._HYMAN-MICHAELS CO. 


HYMAN-MICHAELS COMPANY 

Peoples Gas Building 
CHICAGO 

Offices 

Woolworth Bldg., New York, N. Y. First National Bank Bldg., Pittsburgh, Pa. 

Railway Exchange Bldg., St. Louis, Mo. Book Building, Detroit, Michigan. 

Plants 

East Chicago, Ind. McKees Rocks, Pa. St. Louis, Mo. 

Headquarters for 

NEW AND RELAYING STEEL RAILS 


NEW AND RELAYING STEEL RAILS IN ALL SECTIONS AND TONNAGES 



RAILS LOCATED IN YOUR VICINITY FOR PROMPT SHIPMENT 
RAILS SUITABLE FOR MINE PROPS 



WE CAN HANDLE ALL YOUR SCRAP ACCUMULATIONS 
GET OUR QUOTATIONS BEFORE BUYING AND SELLING 
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FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 



ILLOWII 


MANUFACTURI 


DEALI 



Allis-Chalmers Mfg. Co. 

American Steel Wire Co. 
Car-Dumper 0 Equipment Co. 
Denver Engineering Works, The 
Duro Metal Products Co. 

English Tool ^ Supply Co., The 
Hazard Mfg. Co. 

Hendy, Joshua Iron Works 
Holmes, Robert 0 Bros., Inc. 
Ironsides Co., The 
Lake Shore Engine Works 
Leschen, A. Sons Rope Co. 
Macwhyte Co. 

Mundy, J. S. Hoisting Engine Co. 
Ottumwa Iron Works 
Pneumelectric Corporation, The 
Roebling’s, John A. Sons Co. 
Thomas Elevator Co. 

Vulcan Iron Works Company, The 
Wellman-Seaver-Morgan Co., The 
Wickwire Spencer Steel Corp. 
Williamsport Wire Rope Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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378 DATA. 


SAFETY PRACTICE FOR HOIST¬ 
ING ROPE' 


The Mining Section of The National Safety 
Council recently sent out a questionnaire to oper¬ 
ators regarding the class of rope used, specifica¬ 
tions required or obtained, factors of safety ob¬ 
served, methods of fastening ropes, lubrication, 
inspection, and points observed when rope is to be 
discarded. The answers received from this ques¬ 
tionnaire, largely from metal mines, gives inter¬ 
esting information, from which recommendations 
for safety practice on hoisting ropes are drawn. 

Depth of Mine 

The depth in the majority of cases noted is 
from 1,000 ft. to 1,600 ft. (304 to 467 m.) and 
records come from a number hoisting from depths 
of 2,000 to 3,000 ft. Hoisting is generally done in 
balance, with a few companies using counter¬ 
weights. 

Seldom more than two shifts are occupied in 
hoisting. A number of large operators limit the 
shift for engineers to 6 hrs. A few of the larger 
operators have separate hoists for men and sup¬ 
plies, with a higher class rope for men. The range 
of loads varies from 7 to 17 tons and greater in 
a few cases, with a balanced weight of 4 to 7 tons. 

Size of Drums and Sheaves 

The size of drums and size of sheaves are gen¬ 
erally in accordance with recommendations of rope 
manufacturers. Only one-half of the operators use 
grooved drums: one, The Sulphide Corporation, 
New South Wales, uses wood-lagged drums. Very 
few operators have drums capable of holding all 
the rope in a single wrap. Cone drums or cone 
and cylinder drums, in the mines heard from, are 
very rare. 

A few mines of shallow depth use a small drum 
and large-sized sheave. While this may be allowed, 
and in some cases is all right, the size of drum and 
sheave should be fully equal to that recommended 
by the rope manufacturers and should be at least 
60 to 100 times the diameter of the rope used, or 
one thousand times the diameter of the largest 
wire in any of the strands. 

Operations show two wraps wherever possible, 
and not more than three wraps on the drum; the 
choice of several would be not more than one 
wrap if possible, and not more than two as good 
practice. A few operators, though too few, give 
importance to the distance at which the engine is 
set from the shaft and the fleet angle between 
sheave and drum. This, in most cases, can readily 
be arranged to reduce the fleet angle to 1® 30', and 
provide at the same time a drum that will hold all 
the rope in one wrap or in not over two wraps. 
Hans Behr recommends, in specifications for hoist¬ 
ing engines, that the last groove shall rise grad¬ 
ually above the other grooves in order to start the 
second layer without shock. If, beside, grooved 
drums are used, these points will reduce the abra¬ 
sion on the rope to a minimum. 

•Paper read at The American Institute of Mining and 
Metallurprical Engrlneers, New York meeting, February, 1922, 
by R. M. Raymond. Professor of Mining Engineering, Columbia 
University, New York, N. Y. 


The matter of overwind and underwind of ropes 
receives perhaps too little attention. The expe¬ 
rience of operators in South Africa, according to 
Vaughan, of the Mines Department, indicates that 
the rope which underwinds wears more rapidly 
than the overwind rope by 20 per cent., and that 
the average life of rope is prolonged by alternating 
the ropes on the drums. 

In a majority of cases, sheaves are cast iron, 
turned out true, 1/16 or Ys in. larger than the size 
of rope used. Others use special lining of cast 
iron, which is removable; the best type of this is 
the Nordberg sheave. Several companies use hard¬ 
wood blocks, preferably maple. A few use hemp 
packing at first or to fill the groove when the 
sheave becomes worn. 

More attention should be given to the material 
and weight of sheaves. These should be made as 
light as possible; the bicycle type preferred, larger 
diameter generally than recommended by rope 
manufacturers; set very firm in bearings, well bab¬ 
bitted; aligned carefully with center of drum, 
observing the lead or fleet angle mentioned pre¬ 
viously. Wooden linings have generally proved 
satisfactory where used, though such linings add 
greatly to the weight and require much care in 
renewal. The best wood lining is maple soaked in 
linseed oil. Cast-iron sheaves or cast-iron liners 
prove most satisfactory. Grooves must be kept 
true and machined to the same diameter of drums 
and to the proper width of groove, when new rope 
is put on. Top of head frames and sheaves should 
be more easily accessible for frequent inspection. 


Size of R(q>e 

Ropes vary in size from 1 to in., generally 
6 X 19, hemp center. A majority of the operators 
use the higher class rope, plow steel or special 
brands, improved, and a few use a flattened strand, 
6 X 26. A good number prefer the Lang lay, which 
is the favorite with larger operators hoisting from 
the greater depths. Lang lay ropes are used in 
nine cases out of ten in South Africa; they are in 
very general use in Australia, and their use is 
becoming more general in this country. The Sul¬ 
phide Corporation uses 6x7 Lang lay rope, im¬ 
proved plow-steel wires, and finds that both longer 
service and more satisfactory inspection for wear 
and corrosion can be obtained. TTie experience of 
the New Jersey Zinc Company is much the same; 
particularly in its Incline shaft, it finds the plow- 
steel wire the best for its conditions. Care is 
required, in using the Lang lay rope, in the early 
operations, to see that no bird-caging or_ kinks 
develop. Such a thing is possible when chairs are 
in use; in which case care must be taken that no 
more rope is unwound from the drum than is 
required to reach the chairs. A solid attachment 
for Lang lay should always be made, not a swivel 
attachment. Possible twists should be taken out, 
with much care, once or twice when new roi)e is 
put into service. 
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HOISTING ROPE DATA. 


Rope Specifications 

Few companies stipulate specifications for rope; 
reliance is placed on the tensile strength given by 
the manufacturers. Preference is shown for plow 
steel by the larger operators, with the understand¬ 
ing that the tensile strength of the wire is, or 
approaches, 200,000 lb. per sq. in. The Intema- 
national Nickel Company calls for tenders from 
manufacturers, spves full description of working 
conditions, and asks manufacturers to recommend 
rope for these conditions, with complete descrip¬ 
tion. It requires a factor of safety of seven for 
hoisting ore and a factor of safety of ten for the 
main hoist. The United Verde mine stipulates low- 
phosphorus steel, high carbon and manganese, with 
a tensile strength of the wires of 200,000 lb. per 
sq. in. The Copper Range Company stipulates 
1%-in. plow steel, 6x 19, regular lay; 58 tons ten¬ 
sile strength, and on test has found the rope to 
have a stren^h of 75 tons. The Broken Hill mine 
uses li/i-in. 6 x 19, Lang lay, and specifies a break¬ 
ing stress of the rope of 60 tons and best flexible 
plow steel or its equivalent. The Anaconda Com¬ 
pany does not specify particularly, but uses im¬ 
proved plow-steel in all cases. 

While the manufacturers’ recommendations 
seem to be generally satisfactory, it is most im¬ 
portant that purchasers give clearly their working 
conditions, nature of shaft lining, attention given 
to timbers and guides, the factor of safety desired, 
whether mine water is acid or not, and whether 
harmful gases are encountered in the lower part 
or any portion of the mine. 

A more satisfactory statement from the man¬ 
ufacturers would be the tensile strength of steel 
from which the wire is drawn, as well as the break¬ 
ing strength of the rope; the aggregate strength 
of all the wires is 10 to 20 per cent, less than that 
of the wire bar. When new rope is purchased, a 
certificate should be required from the manufac¬ 
turer, the rope should be stored under cover, in a 
cool place, properly coiled and not left on the 
ground. 

The Canadian mining law requires a certificate 
from the manufacturer showing date of manufac¬ 
ture, size, weight, number and size of wires, class 
of core, breaking stress of steel from which wire 
is made, and estimated breaking load of rope. This 
certificate is recorded in the “Rope Record Book” 
and additional data kept of operation of rope when 
ih use at the mine. 

Factor of Safety of Ropes 

The factor of safety stipulated or estimated 
varies considerably, generally that estimated by 
the manufacturers in supplying rope is considered 
satisfactory, and is five to six for new rope. Fac¬ 
tors of safety for worn rope vary from three and 
one-half to five, and these variations for discarding 
rope correspond somewhat with speed and depth. 

None of the State laws in this country indicate 
any factor of safety. The Canadian mining law 
stipulates a factor of safety of six in shafts less 
than 2,000 ft. deep; and in shafts 2,000 to 3,000 ft., 
not less than five. The International Nickel Com¬ 
pany uses a factor of seven and specifies such a 
rope for its conditions. The Commission appointed 
in South Africa to inquire into the use of hoisting 
ropes considered this matter carefully and recom¬ 


mended a minimum factor of safety of six, but 
believes that for deep levels it is impossible to 
start with a factor of safety of more than seven. 
Such a rope, when reduced to a factor of safety of 
six, may be used for six months longer but no more, 
and even then will have an enormous reserve of 
strength. It was proved also that shocks due to 
changes in velocity were dangerous only to short 
lengths; in lengths of 1,500 ft. and over shocks 
would remain constant. The New South Wales 
mining law r^uires that a rope be tested before 
use and that it have a factor of safety of eight for 
ore and of ten for men. The Sulphide Corporation 
uses a factor of safety of nine for new rope on 
ore and of ten for rope on man hoists. The regu¬ 
lations of the new mining law proposed for this 
country are as follows: 

“The factor of safety of ropes when newly in¬ 
stalled in shafts less than 3,000 ft. deep shall in no 
case be less than six. 

“It shall be unlawful to use any rope or cable 
for the raising or lowering of men when its factor 
of safety, based on its existing strength and dead 
load, shall have fallen below 4.5. 

“It shall be unlawful to use any rope or cable 
of the so-called 6 x 19 standard construction for the 
raising or lowering of men, either when the num¬ 
ber of broken wires in one lay of said rope exceeds 
six, or when the wires on the crown of the strands 
are worn down to less than 65 per cent, of their 
original diameter, or when the superficial inspec¬ 
tion provided for in this section shows marked 
signs of corrosion: Provided, however, that when 
such broken wires are reduced by wear more than 
30 per cent, in cross section, the number of breaks 
in any lay of the rope shall not exceed three.” 

The committee framing the law discussed the 
matter of safety with manufacturers and a variable 
safety factor was recommended, dependent on the 
depth of shafts. This is given in Table 1. 


VABKB 1. VAOTOM OF 8AFBTT BBOOlOCBirBaD FOB 
BOISTIBO BOFB8. 


Length of Rope, 

In Feet 

Minimum 

Safety 

Factor for 1 
New Rope 

1 

Minimum 
Safety 
When Rope 
Must Be 
Discarded 

1 

1 

1 

1 Percentage 

1 Reduction 

1 

500 or less. 

8 

1 

1 

6.4 

20.0 

600 to 1000. 

7 

1 5.8 

17.0 

1000 to 2000. 

6 

' 5.0 

16.5 

2000 to 3000. 

5 

1 4.3 

14.0 

3000 and over. 

4 

3.6 

10.0 





It would seem that the variable factor of safety 
suggested for the new mining law is a good recom¬ 
mendation, but a maximum factor of safety of not 
less than six, and a minimum of not less than four 
and one-half would be better for depths below 2,000 
ft. Where man hoists and ore hoists are in use 
in the same shaft and the same size of rope used, 
it would be well to change the ropes from the man 
hoists to the ore hoists after a period of six months 
or a year. 

Hoisting Speed 

Speed in the shallow shafts submitted is from 
600 to 1,000 ft. per min. for ore, and in deeper 
shafts 1,600 to 3,000 ft. per min. Speed for hoist¬ 
ing men in almost all cases is reduced to 400 to 600 
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ft., though in a few cases it runs as high as 1,000 
ft. per min. Acceleration varies considerably, de¬ 
pending on depth. Table 2 shows acceleration 
practiced by several .of the important operators. 


TABU a. AOoauuanoB nr VAiaoira amras. 



Shaft 

n 

J . 

P 

o 

◄Jo 

Maximum Hoist¬ 
ing Speed, Feet 
per Min. 

Acceleration, Ft. 
per Sec. 

Length to Reach 
Max. Speed, Feet 

i 

III 

N. J. Zinc Co.. 







Franklin. N. J... 
Inter. Nickel Co., 

Inclined 

916 

3000 

8.88 

876 

15 

CreiffhtoiL Ont... 
Witherbee-Sherman. 

Inclined 

1600 

1100 

2.38 

260 

16 

Mlnevlllo, N. Y.. 

Inclined 

1000 

1200 

1.88 

150 

16 

Copper Range Co., 
Palnsdale, Mich.. 

Inclined 

1500 

2860 

2.48 

180 

10 

Republic Iron & 







Steel Co., Birming¬ 
ham, Ala. 

Inclined | 

6400 

2200 

1.47 1 

469 

26 

Sulphide Corn., N. S. 
W., Australia. 

Vertical 

825 

3660 

j 

6.06 1 

800 

16 

Calumet & Arizona, 

Warren, Arlz. 

United Verde Copper 

Vertical 

1600 

1600 

6.83 

70 

6 

Co., Clarkdale, 
Ariz. . 

Vertical 

860 

2000 

4.7 

116 

10 

North Butte Co., 


Butte. Mont.. 

Vertical 

8600 

2700 

2.58 

400 

17 

Great Boulder Prop. 

Boulder, W. A... 
Old Ben Corp., 
Frankfort, 111.... 

Vertical 

2000 

2000 

6.85 j 

96 

6 

Vertical 

476 

8600 

12.00 

160 

6 


Compared with the draft of the new mining 
law, the speeds for hoisting and accelerating prac¬ 
ticed by the different companies do not show any 
excess over the speeds recommended. In fact, 
the acceleration speeds practiced are considerably 
lower than the maximum allowed acceleration of 
the proposed law. An accelerating speed of 3 to 4 
ft. per sec. for depths of 2,000 ft. is preferable to 
the maximum acceleration suggested. Speed for 
hoisting men varies considerably and practice 
varies in different countries. Speed on such occa¬ 
sions should not be over 600 to 600 ft. per min. 
For great depths, higher speed may be permitted, 
with the period of acceleration and of retardation 
extended. The Mines Inspection Act of New South 
Wales requires a cage speed no greater than 300 ft. 
per min. within 50 ft. of the surface or bottom, 
when hoisting men. Great care should be taken 
in starting and stopping, especially .with new rope. 
It is most important that no slack be permitted 
when the hoist is resting on chairs; with a foot of 
slack in the rope’s length, a jerk may cause a stress 
of four times the weight lifted. 


Inspection of Ropes 

Method and frequency of inspection of ropes 
vary from daily inspection of terminals, including 
wraps remaining on drums, to weekly inspection. 
Fully 70 per cent, of the operators make inspection 
daily, and one makes inspection three times a day 
when hoisting men. Daily inspection is in some 
cases left to hoistmen, who in a few cases are 
depended on to watch and report broken wires. 
Daily inspection, generally, is made by the mine 
foreman, and minute inspection made weekly, 
twice per month or monthly, by the foreman and 
assistant to master mechanic, or other competent 


persons. In a few cases the entire length of rope 
is inspected carefully once a week, running the 
rope through the inspector’s hands. One company 
inspects new ropes every two weeks with a magni- 
fying glass. When rope shows signs of wear, 
inspections are made more frequently. Terminals 
are cut off every two or three months, in lengths 
of 3 to 10 ft. 

Generally speaking, rope inspection is quite 
thorough; and from the e^erience of the greater 
number of the operators giving replies, a standard 
conclusion may be made as follows: 

Daily inspection of terminals should be made, 
including wraps remaining on the drum when the 
cage or skip is down; daily inspection of both the 
terminals above cage or skip, and of the rope at 
point of contact with sheaves. On new ropes the 
latter spot is important; and while it varies slightly 
due to the stretch, a short cut every month for the 
first three months is a point worth considering. 
Tniorough inspection of the whole length of rope 
should be made every week, and twice a week when 
the rope is new. Once a month portions of the 
rope should be carefully inspected in sections that 
are likely to show wear and the rope should be 
cleaned for this purpose. Examination of rope 
fastening should be made before hoisting men. 
The Mining Act of Canada stipulates that rope 
shall be examined once a month to ascertain de¬ 
terioration. For this purpose the rope must be 
thoroughly cleaned at points selected by inspectors, 
who shall note reduction in circumference and the 
proportion of wear. Results of inspection should 
be made in Rope Record Book and a copy of weekly 
and monthly inspections sent to mine superintend¬ 
ent and mine manager. 


Fastening of Rope to Drum and to Cage 


Fastening on drums in all cases is made by 
three wraps, at least, remaining on drum when the 
cage is at the bottom. The rope is then passed 
through a hole in the drum at a very acute angle, 
with one or two turns around the shaft, and 
fastened back on itself with two clamps or clips, 
or fastened around a spoke with clamps; or better. 
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Fljs. 1. Correct Method of Capping Wire Rope. 


fastened by a clamp cast in the spindle of the drum. 
At least two full wraps, and better three, should 
remain on the drum when the cage is at the bot¬ 
tom of the shaft. The terminal inside the drum 
should be fastened securely and inspected fre¬ 
quently. 

Fastening at the cage or skip, in most cases, is 
done by means of clips or clamps. Reports show 
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that these are placed at varying: intervals, the 
U-bolt of the damp usually being placed on the 
loose end of the rope and the cast portion of the 
clamp on the solid portion of the rope. The por¬ 
tion of the rope covered by the clamps, or a length 
of 6 ft. to 10 ft. or 20 ft. is cut off every three 
or every six months, or whenever inspection shows 
that it is necessary. In a few cases, half the damps 
are renewed every six months. 

Fastening to the cage by clamps seems to give 
the best opportunity for inspection, and while 
sockets are considered and reported generally as 
satisfactory, the majority of operators prefer the 
danaps. These should be fastened as shown in 
Fig. 1, the rope being -passed around a large 
thimble, and further secured by means of lock¬ 
nuts. Careful inspection should be made of the 
rope when clips are attached to see that it is free 
from any broken wires and that the rope is thor¬ 
oughly clean when the clips are attached. Nuts 
and locknuts should be examined every day on the 
regular inspection of the ropes. Lengths of at 




Flff. 2. Correct Method of Socketlne Wire Rope, Great 
Boulder Proprietary Gold Mines. 


_ HOISTING ROPE DATA, 

While two-thirds of the operators use clips, a 
number use sockets, and very careful attention is 
given to the socketing of the ropes. In most cases 
in which they are used, when the wires are prop¬ 
erly secured, sockets are found quite satisfactory. 
The Sulphide Corporation of New South Wales 
found that sockets did not give sufficient oppor¬ 
tunity for inspection and that corrosion occurred 
although at other points the rope showed no indi¬ 
cation of such a thing. The Hudson Coal Company 
and the Great Boulder mine use a socket longer 
than that generally used (see Fig. 2). This per¬ 
mits the rope to extend into the socket a short 
distance in unaltered form, about 2 in. in the case 
of the Great Boulder mine and 5 in. in the practice 
of the Hudson Coal Company. This gives greater 
strength at the point of contact of rope and socket 
and less breaking action on the individual wires. 
The method of these companies is to separate the 
wires, cut out the core to the point where the rope 
remains intact, clean the wires with gasoline and 
diluted muriatic acid, wash them in a dilute solu¬ 
tion of soda, insert them in the socket to the upper 
seizings on the rope, taking care to get them in an 
absolutely straight line. The Hudson Coal Com¬ 
pany and most of the operators simply loosen and 
broom out the wires. The Great Boidder finds that 
turning the wires nearly at right angles does not 
cause the wires to break, and has found this prac¬ 
tice satisfactory in severe work for over twenty 
years. The socket is warmed to a temperature of 
50® to 60° F. and pure spelter is poured in care¬ 
fully and continuously until it fills the socket and 
covers the wires. Ropes newly capped, either by 
socket or by clips, should be run several trips with 
a light load before heavy loads or men are handled. 

Where sockets are used for fastening, the great¬ 
est care should be taken in cleaning the wires and 
in setting them before the metal is poured into the 
socket, so that uniform stress will come on each 
wire. Sockets should be cut out every three or 
six months. Lengths of rope 6 to 10 ft. should 
also be cut off every three months or six months, 
depending on hoisting conditions, load, stress on 
the rope, as well as water and atmospheric condi¬ 
tions. Careful examination and tests of these 
pieces should be made, as mentioned under inspec¬ 
tion of clips. 


least 10 to 20 ft. should be cut off every three 
months or six months, depending on hoisting con¬ 
ditions and the amount of ore hoisted. Strains will 
show on the portion of the rope attached to the 
thimble and the portion of the rope in advance of 
the clips. When rope is cut off, the portion above 
the clips should be periodically tested to find the 
tensile strength of the rope at the point; the size 
and diameter should be noted, also the condition 
of the wire, and this diameter compared with the 
original diameter of the rope. Also, an examina¬ 
tion of the interior of the rope and the condition 
of the hemp core should be made, as well as an 
examination for corrosion and brittleness of the 
wires, which is likely to be most severe in the 
lengths near the cage. The International Nickel 
Company regularly sends a specimen of the rope 
cut off to a testing laboratory. 


lONIN'O CATALOG 


Life of Eape 

On this point considerable diversity of practice 
prevails. Several operators discard rope when the 
wires on the outside of the strands are worn to less 
than 60 per cent, of the original area, and when 
inspection shows signs of corrosion. Others take 
more particular note of the number of broken 
wires. One company discards rope when the num¬ 
ber of broken wires in any consecutive 10 ft. 
exceeds 10 per cent, of the total wires in the rope; 
another very careful company condemns the rope 
when twelve wires per foot are found, or if the 
wires be pitted and can be pried out of place easily, 
even if no broken wires are found; another discards 
rope when 60 to 70 wires are broken in one strand. 
One company finds that a decrease of %-in. 
(3.17 mm.) in diameter renders the rope unservice¬ 
able and cuts grooves in the sheaves; another com- 
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pany abandons the rope when a decrease of 3/16 in. 
in diameter is shown or when seven wires are 
broken in any one strand. The Anaconda Copper 
Company discards when not more than 20 per cent, 
of the strength of the rope is used up by abrasion 
and broken wires. The Sulphide Corporation gen¬ 
erally discards its 6 x 7 rope when one wire in any 
lay shows fractures; even if apparently in good 
condition, rope is discarded after two years' serv¬ 
ice. A few companies put a time limit on the use 
of the rope, even when characteristics of the rope 
are good. One iron company turns the rope end 
for end every six months and discards it after a 
use of twelve months. The International Nickel 
Company, which takes special care of its ropes, 
abandons them after two years use, even if the 
rope is apparently in good condition. 

After the tensile strength of ropes of regular 
lay has been reduced 26 per cent, by alteration and 
wear, the limit of safety has usually been reached. 
With Lang lay rope this reduction may be extended 
to 30 or 35 per cent, of the tensile stren^h. \^en 
wires of the ordinary lay on the outer side of any 
strand are worn to 60 per cent, of the original area, 
or when outer wires of the Lang lay are reduced 
to 50 per cent, of their original area, it is safe 
practice to abandon the rope. The number of 
broken wires permissible in any one lay should be 
very few. Some companies discard the rope when 
the number of breaks in any consecutive 10 ft. 
exceeds 10 per cent, of the total number of wires 
composing the rope, which seems as many as 
should be allowed. The proposed mining law con¬ 
cludes that if six broken wires occur in any lay, 
the rope should be condemned. With these differ¬ 
ences in point of view and of practice, must be 
considered the reduction of safety factor ascer¬ 
tained by tests, the corrosion, if any, effect of the 
mine atmosphere, the work done by the rope, speed 
of hoisting, etc. Good practice to follow which will 
assist in the life of the rope would be to change 
ropes from one drum to the other every six months, 
so that the rope having the underwind on the drum 
shall be alternated with the rope having the over¬ 
wind. Ropes should be turned end for end every 
six months or evenr year, depending on the life 
that is found possible and permissible. Where a 
rope is in constant active service and in heavy 
duty, good attention to all details gives records 
of fully two years life, with a possibility of longer 
time. Light or irre^lar duty may permit use for 
longer time in service. The wearing parts, the 
working conditions, the broken wires due to wear 
must, with careful inspection, determine the safe 
period for use. 


Lubrication of Rope 

Lubrication of rope varies from the use of any 
of the compounds manufactured by the oil com¬ 
panies for hoisting rope, to a combination of these 
compounds with oil, in the colder countries, and, 
in some cases crude oil, or alternate applications of 
oil and rope compound combined. A few com¬ 
panies lubricate with heavy black oil or crude oil, 
arranged to drip on at the sheaves, with special 
dressing of compound at intervals. The greater 
number prefer the lubricating compounds made 


especially for ropes. One mine which encounters 
acid water applies thin compound, followed by 
heavier compound once a month. 'The Interna¬ 
tional Nickel Company uses the same lubricant 
applied every two weeks. In winter this is fol¬ 
lowed by black oil; the rope is passed through a 
hollow box and the heated lubricant is poured in. 
A number of companies prefer a special compound 
of the Texas oils for wet shafts, applied every two 
weeks; another company uses a lubricant every 60 
days, with an additional drip above the sheaves, 
using waste oil from the compressors. 

The Great Boulder mine uses castor oil, applied 
through a tray or cone bo]ted around the rope, with 
a gland or valve at the lower part of the cone 
packed with rubber. As salt water is encountered 
in the shaft, the rope must be carefully lubricated, 
every three weeks. The use of oil in connection 
with lubrication, as practiced by several of the 
companies, is a wise method. Lubrication must 
not only be for the outer part of the rope but for 
the lubrication of the individual wires inside the 
strands. Heating the lubricant aids its power of 
penetration. In experiments made by The Inter¬ 
national Nickel Company, cold oil applied to a core 
did not penetrate to the hemp in the core at all, 
but a considerable amount of hot oil did reach the 
hemp. 

Old lubricant on the rope should be cleaned off 
every three or six months by running the rope 
through steam in a trough and swabbing off the 
rope well. Hot oil should then be applied, and a 
good lubricant, free from acid, should be applied 
every two or three weeks. One of the main ol> 
jects to keep in mind is to apply, first, heated oil 
which will penetrate to the inside of the strands 
and then the heavy outer lubricant, and both 
should be well rubbed in. 


Rollers in Inclined Shafts 

Practice is about evenly divided between the 
use of wooden and steel rollers. One large com¬ 
pany operating with heavy loads in a shaft, with 
an inclination of 60°, uses lap-welded boiler tubing 
12 in. long, 6 in. in diameter, with spindles turning 
on bronze bearings in cast steel frames. This gives 
entire satisfaction. The Great Boulder mine finds 
steel rollers 8 in. in diameter vepr satisfactory; 
also that disks of old belting 8 in. in diameter, 
clamped together, make very good rollers. The 
Ray mine, Arizona, Cranberry Creek coal mine, 
Witherbee-Sherman mine all use wooden rollers. 
The Copper Range Company uses rollers made up 
of wrought-iron disks 32 in. in diameter, filled 
with maple blocks wedged in on spindle which is 
set in bearings brass bushed. These work very 
satisfactorily. The Wharton Steel Company uses 
steel rollers on roller bearings, which have worked 
very well. General South African practice favors 
steel rollers, which are preferred to any other, 
and these, with care, have given good service. 

Acknowledgments are herewith made to the 
friends and officials who replied to the Question¬ 
naire; also to Mr. Hans Behr and to Mr. B. F. 
Tillson, for suggestions for good practice. 


SECTION VITI 


MINING CATALOG 


Digitized by ^ooQie 



HOISTING ROPE DATA. 


HOISTING ROPES" 


Five types of steel-wire ropes are used in 
hoisting—^the ordinary lay, the Lang lay, the non¬ 
spinning, the lock coil, and the flat rope. The 
ordinary lay and Lang lay ropes are most used 
for hoisting. Non-spinning ropes are used for 
bucket hoisting. The lock-coil rope is used to a 
considerable extent in England but not in the 
United States. It is non-spinning and could be 
used for bucket hoisting. Flat ropes are used with 
reel hoists. The rope most used in American min¬ 
ing practice is the ordinary lay. Some Lang lay 
ropes are used as well as the flattened s^nd. 
Non-spinning ropes are not much used. 

The ordinary lay rope consists usually of six 
strands twisted about a hemp center. The strands 
are composed of seven, twelve, fifteen, or nineteen 
wires. Flexibility is obtained by increasing the 
number of wires in an individual strand. Ropes 
with a greater number of wires to the strand than 
nineteen are not used in hoisting, as they wear 
rapidly. The standard for hoisting is six strands, 
nineteen wires to a strand. Maximum wear is 
obtained by using wires of large diameter, and this 
limits the number of wires to a strand. Ropes 
made of strands containing seven to twelve wires 
are less flexible, but wear longer, and are used for 
haulage. 

Strands are constructed of circular or oval 
section. The “flattened strand” rope is made of 
strands of oval section. In still another type, the 
strands are of approximately triangular section 
and give a rope of the same characteristics as the 
flattened-strand rope. Such ropes present a 
greater number of wires on the crown of the 
strand and thus will withstand a greater amount 
of wear than the circular strand. In ropes of 
ordinary lay, the wires in the strand are twisted 
in one direction and the strands in the opposite 
when made into a rope. The rope is in more or 
less equilibrium, although it will untwist when 
loaded and requires a rope attachment which pre¬ 
vents turning. The len^h of lay or twist in the 
strand is one-third that of the lay of the rope. 
Ropes of ordinary lay cannot be used for bucket 
hoisting, as they cause the bucket to spin. 

In ropes of Lang lay the twist of the wires in 
the strand and the strands in the rope are both 
in the same direction. The rope is not in equilib¬ 
rium, and the attachment must be such as to 
prevent untwisting. Such ropes cannot be used 
for bucket hoisting. Lang lay ropes have proved 
in practice to give greater resistance to wear and 
greater freedom from weakening through bending. 
They give excellent service in haulage work. 

Non-spinning ropes are used for sinking opera¬ 
tions where bucket hoisting is necessary. They 
are made of two sets of strands, an inner set of 
ordinary strands which are twisted in one direc¬ 
tion and an outer set twisted in the opposite 
direction. The rope is “dead”—that is, it will not 
untwist under load. 

Lock-coil ropes are constructed of an inner 

Engrineering: and Mining^ Journal, March 18, 1922. Roebling’s 
Price List for November 1, 1919. Letter from Mr. Jaccard, 
Anaconda Mining: Co. 


core of round wires and three outer layers of wires 
of a special section which admits of locking the 
wires together. A smooth outer surface like that 
of a solid bar is presented. Such ropes are flexible 
enough for hoisting, are non-spinning, and wear 
excellently. They weigh more per unit of length 
and are stronger than round ropes of equivalent 
size. The lock-coil rope has a section of solid 
metal equivalent to 90 or more per cent, of the 
area of the circle inclosing the rope, the flattened 
strand about 70 per cent., and ropes of ordinary 
lay from 60 to 60 per cent. 

Flat ropes consist of a series of strands of op¬ 
posite lay laced together with soft iron wire. The 
lacing wears rapidly, and such ropes have to be 
replaced at quite frequent intervals. The main¬ 
tenance cost and the necessity for rope-repairing 
equipment are the principal reasons for the re¬ 
stricted use of flat ropes. They are still used in 
some mining districts. They are also used for 
counter-balance ropes in the Koepe system of 
hoisting. Their ^eater weight for equal strength 
is another objection to exclusive adoption, the ex¬ 
cess weight ranging from 12 to 20 per cent, more 
than that of round ropes. Catalogs give about 
5 per cent, to 15 per cent. 

The thickness of flat ropes is specified by the 
diameter of the strands used before sewing. The 
finished diameters of the ropes, however, are 
slightly in excess of this, due to the enlargement 
of other strands by the insertion of sewing wires. 

In very deep shafts using long hoisting ropes, 
it is desirable to have ropes which are neutral, that 
is, have no tendency to twist and untwist, a con¬ 
dition fulfilled by flat ropes. 

Where large as well as long ropes are neces¬ 
sary, on account of the heavy loads which have to 
be hoisted, round ropes necessitate the use of large, 
heavy and expensive winding drums, while flat 
ropes are wound upon themselves on reels of mod¬ 
erate diameter, simple in construction and only 
slightly in excess of the width of the ropes, and 
hence less expensive equipment is required. I^ere 
mines are located in places accessible only by pack- 
trains, this reduction in the bulk and weight of 
hoisting machinery is quite vital. 

When two ropes are used together, one to hoist 
and the other to lower a cage at the same time, 
operated by the same engine, all of the advantages 
of large conical drums, without a great mass of 
moving machinery, are attained in employing flat 
ropes, together with an added economy of power. 

The Anaconda Copper Mining Company has flat 
steel ropes in use on double reel hoists at the fol¬ 
lowing mines in Butte, Mont.: 

Anaconda Mine—x IW x 2900'. 

St. Lawrence Mine—x 7i^" x 2720'. 

Belmont Mine—y 2 " x 71 / 2 " x 2800'. 

Emma Mine— 1 / 2 " x 5'' x I860'. 

Bell Mine—7/16" x 7" x 3900'. 

High Ore Mine—7/16" x 7" x 3700'. 

West Colusa Mine—%" x 6" x 2300'. 

West Gray Rock Mine—%" x 6" x 2040'. 

Silver Bow Mine—a/s" x 41 / 2 " x 1200'. 
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Flat ropes were in very general use in the 
Butte district at one time, but are being superceded 
by round ropes as new engines are install^. This 
is due to the fact that the ground around many of 
the shafts has a tendency to move, making it 
almost impossible to keep the flat ropes properly 
lined with the sheaves. 


Advantages 

Flat ropes possess certain advantages in that 
the hoist may be set close to the shaft. They do 
not twist in the shaft, and they are easily in¬ 
spected. On the other hand, they must be changed 
and resewed at frequent intervals, and consider¬ 
able equipment must be kept on hand to do this 
work. 

The material used in the construction of wire 
ropes is iron, ordinary steel, crucible steel, plough 
steel, and steels of special quality. The wire used 
will range from a tensile strength of from 100 to 
136 tons per sq. in. The grade most used has a 
tensile strength of 120 tons per sq. in. In some 
rope manufacture steel of a tensile strength of 
160 tons is used. The wire is hard-drawn and is 
subjected to tensile, torsion, and bending tests. 
The number of flexures under standard conditions 
for new wire is from twelve to twenty. (The wire 
is clamped in jaws the edges of which are rounded 
with a radius off 6 mm. The wire is bent through 
an angle of 90° and back for each flexure.) T^e 
number of twists for new wire under the torsion 
test is from twenty to forty. 

Galvanized steel wire is used for the construc¬ 
tion of ropes which are to be used where the con¬ 
ditions causing corrosion are severe. Galvanizing 
weakens the wire. As an example, a galvanized 
wire gave 2.6 per cent, less tensile stren^h, 26 per 
cent, fewer bends, Md 20 per cent, fewer torsions 
than the ungalvanized. Such ropes last longer 
under severe conditions. One writer gives as his 
experience that the life of a galvanized rope is 
60 per cent, greater than that of a bright steel 
rope. (Mines and Minerals, February, 1912; 
p. 406.) 

Commercial sizes of wire rope range from ^ 
to % in. in diameter, by increments of 1/16 in. 
and from % to 2 in. in increments of in.. Above 

2 in. the diameter increment for different sizes is 
^ in. Flat ropes are % to in. thick and from 

3 to 7 in. wide in increments of in. 


HOISTING SPEED. 


Safe hoisting speeds are determined primarily 
by the depth of the shaft and are for depths of 
600 ft., or less, 1,200 ft. per minute; for 600 to 
1,000 feet depth, 1,600 ft. per minute; for 1,000 to 
2,000 ft., 2,000 ft. per minute; for 2,000 to 3,000 
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ft., 2,600 ft. per minute, and over 3,000 ft. up to 
3,000 ft. per minute. These are conservative max¬ 
imum speeds and are recommended in Bulletin 75, 
p. 112, of the U. S. Bureau of Mines. 


THE LARGEST HOIST IN THE WORLD 


The Quincy Mining Company, one of the prin¬ 
cipal propositions in the Michigan district, recently 
placed in operation its new Nordberg hoist at No. 2 
shaft. It is believed to be the largest hoist in the 
world. It has a winding capacity of 10,000 ft. of 
1% in. rope, reaching down an inclined shaft to a 
vertical depth of 6,600 ft. When winding the rope 
down the second cone of the drum, it has a capacity 
of 13,300 ft., reaching to a vertical depth of 
8,600 ft. The hoist operates in balance, raising a 
load of 20,000 lbs. per trip, and is designed for a 
rope speed of 3,200 ft. per minute. The drum is 
of the cylindro-conical type so familiar in the Lake 
Superior copper district. There are eight impulses 
per revolution, and together with the great mass 
of the drum, which weighs 616,000 lbs. without the 
shaft, practically all pulsation in the rope is elim¬ 
inated. The drum is built up of 48 sections securely 
bolted together and thoroughly trussed within. 
This arrangement prevents any deflection of the 
drum shaft. The hoist is fully protected by an 
improved safety stop, whereby the throttle valve is 
automatically closed as the skip approach^ tiie 
landing. In case of overwinding, the engine is also 
reversed, and the brakes are applied automatically. 
The hoist cannot be started in the wrong direction. 
Overspeed is prevented by a speed governor, which 
controls the cut-off cams of the valve gear. The 
total weight of the engine with condensing equip¬ 
ment is 1,766,000 lbs. The engine covers a floor 
space of 60 ft. by 64 ft., and stands 60 ft. high 
from the bottom of the foundation to the top of 
the drum. The weight of the skip is 10,000 lbs. 
The weight of the 10,000 ft. of rope is 41,600 lbs. 
The time required for one trip of 10,000 ft. is 
4 min. 8 sec. 


SAFETY DEVICE FOR STATION GATE 


Mine station gates are often left open when the 
cage is in motion. To obviate this ^ssibility the 
wiring of the signal bell at one shaft is so arranged 
as to make it necessary for the station gate to be 
securely closed before a signal can be given to the 
engineer. 

Part of the electric circuit is attached to the gate 
and part to the shaft timber. Contact is made 
through contact plates and contact fingers, the lat¬ 
ter being simply discarded contact fingers from an 
electric controller, and the former small copper 
plates. A snug-fitting latch is placed on the gate 
to hold it securely. 

—Roy H. Poston, Engineering and Mining Journal. 
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Vertical Unbalanced Loads Lifted by First 
Motion Hoisting Engines 

at various steam pressures, with drums from 4 to 12 
feet in diameter. 

Based on initial pressure at the throttle, and one 
cylinder only being operative. 

This chart is plotted from the following formula: 

T PxAx2Lx 1 Cylinder x .85 
Load=- 3.U16D 

P—Initial pressure at the throttle. 

A—Area of cylinder. 

L—Stroke in feet. 

D—Diameter of winding drum in feet. 

Either cylinder of the pair of engines is capable of 
starting the unbalanced load given inasmuch as one 
cylinder may be on a dead center and would there¬ 
fore be inoperative. The steam pressure is taken at 
the full initial pressure at throttle. 

An efficiency of 85% has been taken, this having 
been found after various tests to be a very fair 
average. 

Knowing the unbalanced load and the steam pres¬ 
sure at the throttle the proper size engine for the 
work may be found without any figuring whatever. 

It will also be readily seen that having the size of 
engine cylinders the vertical load that can be lifted 
by them may also be found for any steam pressure and vari¬ 
ous diameters of drum. 

Example: Find the size engine capable of handling a 
vertical unbalanced load of 12,000 with 100 pounds steam 
pressure at the throttle. 

The rope manufacturers give the working load for 1" 
rope as 6.8 tons. However, in actual practice, for this load 
a 1-^" rope would probably be used and wound on, say, an 
8' O'' diameter drum. 

Following the horizontal line marked 12,000 until it is 
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intersected by the diagonal line at or about the vertical line 
representing an 8' 0'^ diameter drum; then follow the di¬ 
agonal line down to left side of chart; follow horizontal line 
across until it is intersected by diagonal line at or about the 
line representing 100 pounds steam pressure; follow this 
diagonal line as previously described to left side of chart; 
follow horizontal line until proper combination of stroke 
and diameter are foimd. For the work in hand the follow¬ 
ing engines would be satisfactory: viz: 24x48", 26x42" or 
28x36"; the 24x48" size would probably be selected. 

Courtesy Vulcan Iron Works. 
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HOIST CHART. 


To Find Rope Speed or Piston Speed 

Assume an average piston speed of 600 feet per stroke; follow this line to the upper section until 
minute. it is intersected by diagonal line representing an 

8-foot drum; by following the horizontal line to side 
Follow the horizontal line at 600 until it is of chart the rope speed is found to be about 1,850 
intersected by diagonal line representing a 48-inch feet per minute. 



SECTION VIII Courtesy Vulcan Iron Works. 
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DRUM CAPACITY CHARTS, ggij 


Face of Winding Drum. 


As previously stated, our drum is 8' 0" diameter, 
rope li/i" diameter and shaft 476 feet deep. Refer 
to the chart below marked “Straight Face Grooved 
Drums.” We find that an 8' 0" diameter di^un will 
wind 227 feet per foot face. Our drum would 
therefore have to be, say, 2' 6" face, which would 


allow a sufiicient number of grooves at one end of 
drum for fastening rope. 

The chart on straight face drums not grooved, 
would, of course, be used in the same manner as 
indicated. 
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DRUM CAPACITY CHARTS. 


CARS PER HOUR (See Chart Below) 

Assume that the shaft is 475 feet deep. We have found that the engines in question will give an 
average rope speed of 1,860 feet per minute, say 1,900 feet. Follow out the horizontal line until it 
intersects the vertical line 1900. Follow the vertical line until it intersects the diagonal line, stating 
cars per minute, in this case 2 cars per minute. This chart is based on an allowance of one-quarter of a 
minute for changing cars and a double compartment shaft. 

C 3 pa cj6y in/eeiper foot o//ace. Conicals^oovecf I^rurns 

no 120 I JO I40 /60 no /ao 2/0 220 2JO 240 ^'^^260 270 280 290^^ J/O J20 JJO J40 -^^^060 J70 Jao 
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Rope Speed in Met per Minute 
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DRUM CAPACITY CHARTS. Q; 



DIAGRAM SHOWING AMOUNT OF 
ROPE WOUND ON DRUMS OF VARIOUS 
DIAMETERS AND FACES. 

WEIGHT OF ROPE IN POUNDS. 
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Safe 

120'' 

9( 

r 

72" 

48" 

36" 

30" 

24" 



stress 

Bending 

Working 

Bending 

Working 

Bending 

Working 

Bendii« 1 

Working 

Bending | 

Working 

Bending 

Working 

Bending 

Working 


r 

3333 

283 

3050 

353 

2980 

469 

2864 

698 

2635 

924 

2409 


2231 

1366 

1967 

V 

i* 

5867 

733 

5134 

913 

4954 

1212 

4655 

1800 

4067 

2376 

3491 

2829 

3038 

3495 

2372 

< 


9067 

1506 

7561 

1876 

7191 

2485 

6582 

3680 

5387 

4847 


5759 

3308 

7095 

1972 



12933 

2534 

10399 

3153 

9780 

4173 


6165 

6768 

8101 

4832 

9609 

3324 

11807 

1126 

1 

• * 

17333 

3943 

13390 

4886 

12447 

6481 

10852 

9556 

7777 

12528 

4805 

14835 

2498 



1 


22667 

6059 

16608 

7528 

15139 

9937 


14614 

8053 

19113 

3554 

22589 





4 ; 1 


8474 

19526 

10523 

17477 

13872 

14128 

20357 

7643 

26556 

1444 





13 


33333 

11452 

21881 

14209 

19124 

18713 

14620 

27400 

5933 
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15545 

25788 

19272 
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25043 

40629 

15371 










4 


31689 

32311 

1 39203 

24797 

49919 

14081 









2. 

* 

82667 

46285 

36382 

BiCTFFM 

25484 

74795 

7872 










By Courtesy of the LehiiTh and Wilkes-Barre Coal Company 
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HOISTING CHART. 


Power Required to Haul 

It is desired to haul two loaded cars, each 
weighing 6,000 pounds up a plane 1,000 feet long, 
having a pitch of 40® from the horizontal, at a 
maximum rope speed of 500 feet per minute. What 
is the equivalent rope pull? What is the brake 
horse power required to handle the load? 

Example: Two loaded cars weighing 6,000 
pounds each equals a load of 12,000 pounds exclusive 
of winding rope. Follow the horizontal line repre¬ 
senting 12,000 on the chart until it is intersected by 
the diagonal line representing 40°. Directly above 
this point of intersection will be found the rope pull, 
which in this case is 7,900 pounds. We also find 
that a %" rope would be satisfactory and that this 


Cars on Various Pitches 

size rope weighs .88 pounds per foot. Following 
down this imaginary line representing 7,900 pounds 
until it is intersected by the diagonal line represent¬ 
ing 500 feet per minute rope speed, we read 120 
horse power applied to the load, or the brake horse 
power required. The horse power to be delivered 
by this hoist motor would be 141; that is, based 
on an efficiency of 85% for the entire outfit. 

We found that rope would be required and 
also that this size rope weighs .88 pounds per foot; 
1,000 feet of rope at .88 pounds equals 880 pounds. 
By working this out the same way we did for the 
loaded cars we find it equivalent to nine horse 
power which should be added to the 141 horse 
power, making a total of 150 horse power. 


DIAGRAM SHOWING POWER REQUIRED TO HAUL CARS ON VARIOUS PITCHES. 

NOTC-. SHADED PORTIONS ON PITCH WAGONAES SHOW AMOUNT TO BE ADDED fOT 10LUN6 nUCTION,YAWING 
FBOM 50LBS PEE TON ON THE LEVEL TO SLBS ON VERTICAL LIFT. 

POWER FOR ROPE IS WORKED SEPARATELY AND ADDED TO POWER TOR CABS. 

_ EQUIVALENT PULL ON ROPE DUE TO LOAD ON THE PLANE. _ 


I'^illlllll 

'i\v •'' 


mill 






Kumt 




S 5000 

s 

^ 6000 

§ 7000 

- 

2 6000 
S 9000 


<110 00 


_ 


- 

-lai— 


lISlI 


laesssKiaa^BiB^ 

- wsmmmmmmmmi - 




Mkikii 


2 

r HQQO| 

L 

< 15000 

< ifeQOO 

^ ITOOOll 




■iras^yiifllgss^sssaaa^imaaBilBtfiaiiKigsssgg 


PITCH OF PLANE IN PERCENT OK RI5E IN FEET PER 100FT. HORIZONTAL 


SECTION VIII 


Courtesy Vulcan Iron Work& 


MINING CATA1LK>0 


Digitized by ^ooQie 




























WIRE ROPE DATA, 


391 


TENSION ON WIRE ROPE FOR INCLINE 
PLANES 


At 90" the tension on rope is 2,000 lbs. for 2,000 lbs. load. 


•• 

80" 





14 

1,970 


4i 





70" 





44 

1,880 


4* 





60" 





44 

1,732 


41 





50" 





44 

1,552 






“ 

46" 





44 

1,414 


l« 

14 

14 



42H“ 





41 

1,350 


41 

II 

• 4 



40" 





44 

1,286 


44 

44 

14 



37 



*4 


44 

1,216 


44 

44 

i4 



35" 



44 


44 

1,148 


44 

44 

44 


** 

32^" 



«4 


44 

1,074 


44 

44 

14 



30" 





44 

1,000 


44 

44 

44 



27^" 

<« 




44 

922 


44 

44 

• 4 



25" 

II 




44 

846 



44 




22 ^" 

4* 




44 

764 

<1 


44 

44 



20 " 





44 

684 



44 

14 

44 

** 

17%" 





44 

600 




44 

44 


15" 





44 

518 

ff 



44 

44 


12 %" 



41 


44 

432 


44 


14 


“ 

10 " 



41 


44 

348 


44 

44 

14 


•* 

8 " 



«4 


44 

278 


44 

44 

• 4 


“ 

7" 



14 


44 

242 



44 




6 " 



44 


44 

208 



44 

14 



6 " 



14 


44 

174 


14 

44 

44 

44 


4" 





44 

138 


44 

44 

44 

44 

•* 

3" 





44 

104 


44 

44 

44 

44 


2 " 





44 

70 


44 

44 

44 

44 

•* 

!• 





44 

34 



44 

44 

44 


GRADES AND CORRESPONDING 
DEGREES 


A grade of 

1 

foot In 

100 feet equals 

O 

or 45' 

*• 

•* 

•• 

2 

feet “ 


** 

“ 


** 1"-10 

“ 

“ 

“ 

2 % 

feet “ 


“ 


1 %® 

“ l"-30 


u 


8 

feet ** 


“ 


1 %* 

“ l"-45 



“ 

3% 

feet “ 




21 


“ 



4 

feet “ 


“ 


2 %" 


“ 


“ 

5 

feet " 


“ 


3" 


** 

“ 


6 

feet “ 



“ 

3%" 


“ 



7 

feet “ 


“ 

“ 

4" 


*• 



8 

feet “ 


“ 





“ 

*' 

10 

feet “ 




5%" 




< 

12 ^ 

feet “ 


•* 

“ 

7" 




11 

14 

feet “ 



“ 

8 " 




<1 

16 

feet 



It 

9" 


“ 



18 

feet “ 



11 

10 Mo* 




20 

feet “ 

41 


11 

11 % 

» 




23 

feet “ 

44 


it 

13" 




** 

25 

feet “ 

41 

11 

It 

14" 




11 

26^ 

feet “ 

44 

11 


15* 



• < 


30^ 

feet “ 

41 

It 

** 

17" 



<< 

** 

36 

feet “ 

44 

11 


20 " 

(19"-40' 



•1 

46V. 

feet “ 

41 

<1 


25" 




11 

57% 

feet “ 

44 


“ 

30" 




11 

75 

feet “ 


“ 

it 

35" 




11 

84 

feet “ 


** 


40" 


** 

** 

** 

100 

feet “ 


“ 

tt 

45" 



Courtesy Hazard Mfgr. Co. 


HOISTING-ROPE SAFETY FACTORS FOR VARIOUS DEPTHS OF SHAFTS 



Minimum 
Safety 1 

Minimum 

Safety 

Factor 

Percentage 

Length of Rope 

Factor for ! 

When Rope 

Reduction 

New Rope 

Must be 
Discarded 



500 feet or less. 

8 

1 6.4 

20 

500 to 1,000 feet. 

7 

5.8 

17 

1,000 to 2,000 feet. 

6 

5.0 

16% 

2,000 to 3,000 feet. 

5 

4.3 

14 

3,000 feet and over. 

4 

8.6 

10 


The several factors gfiven in the table are based on an actual safety factor of four and are made 
greater for shallower shafts because in them acceleration stresses and a good many of the possible ex¬ 
traordinary stresses are normally greater. In deep shafts it is well recognized that the spring of the 
rope acts to eliminate shock of starting and to decrease stresses of acceleration. 


FORMULA FOR FINDING HORSE POWER, 
ROPE PULL AND ROPE SPEED 


Pull on rope at drum with load at bottom 
of shaft, pounds. 

Weight of ore-frope-fcar+cage, or 
Weight of ore+rope-f skip, or 
Weight of ore-}-rope+bucket. 


C = Pull on rope at drum with load at top of 
shaft, pounds. 

= Weight of car+cage, or 
= Weight of skip, or 
= Weight of bucket. 


28000XH. P. 
Rope Pull -- 


Rope Speed = 


R 

28000XH. P. 
L 


DOUBLE DRUM HOISTS 

(I^)XR 

H. P. =- 

28000 


R = Rope speed of hoisting in ft. per minute. 
H. P. = Maximum horse power required. 

SINGLE DRUM HOISTS 

LXR 

H. P. of Motor =- 

28000 


Corrected for 16% friction loss motor to rope. 

Note—On inclined shafts, L and C must be re¬ 
solved into rope pull, in accordance with tables of 
“Actual Strain on Hoisting Ropes Produced by 
Loads on Inclined Planes.” Values to nearest 
pound. 

Courtesy Denver Engineering Works. 
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WIRE ROPE DATA. 


AOTVAIi STBAXH OW KOI8TXVO BOVB FROBVOBS BT A 
BOAS OB 1000 BBS. OB IBOBIBBD PBABB 


Angrle of 
Inclination, 
Deirrees from 
Horizontal 

Strain on the 
Hoistlngr Rope 1 
from a Load of I 
1000 Pounds 1 

Angrle of 
Inclination, 
Degrrees from 

1 Horizontal 

Strain on the 
Hoistii^ Rope 
from a Load of 
1000 Pounds 

2*B0' 

49 lb& 

83*6' 

646 lb& 

5 46 

100 

36 56 

601 

8 36 

149 

40 20 

647 

11 20 

196 

42 

669 

14 5 

243 

46 

707 

16 45 

289 

47 46 

740 

19 20 

831 

52 80 

798 

21 60 

871 

58 

848 

24 15 

410 

68 80 

896 

26 85 

448 

71 30 

948 

28 50 

484 

84 20 

996 


For any angle not given the stress of the rope 
can be calculated as follows: 

Let S = the stress in pounds 

a = angle the incline makes with hori¬ 
zontal 

Then S = 1000 sin. a 

To correct for rolling friction add 40 cos a. 

Courtesy Denver Engrineerlnip Works. 
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HOISTING 


For vertical shaft work it is customary to use 
almost universally the 6x19 construction rope. The 
cages are usually arranged in pairs so that as one is 
lowered the other is raised, this being known as 
the balanced hoist system. Two types of hoisting 
drums are in common use, the flat drum and the 
conical drum, the latter being designed to give a 
slower starting speed when the cage is lifted from 
the bottom of the mine. 

The simplest arrangement is for the ropes to 
pass directly from the drum to two head sheaves 
carried on a wooden or steel tower, each sheave 
in line with the center of that part of the drum on 
which the rope has to wind. It is customary with 
either the flat or conical drum to attach one rope 
to the under side of the drum and the other rope to 
the top of the drum, leaving several turns on the 


drum when the cage is resting on the bottom of the 
mine shaft. The names “underwind” and “over¬ 
wind” are applied to these two ropes. 

Conical drums are used more frequently on 
shorter mine ropes, but unless the smaller end has 
nearly as large a diameter as would be used for a 
flat drum, the rope service may not be much better 
than with a flat drum. It is a debatable point as to 
which type of drum is the better. 

We recommend wherever possible that installa¬ 
tions of mine hoist ropes be made with as few bends 
as possible. In case a shaft has to be changed or 
if the engine room cannot be located, so as to carry 
the rope, a turn sheave may be used with suitable 
lead and intermediate supporting sheaves to carry 
the rope. 


HAULAGE 


Mine haulage systems are very widely different 
one from another, so much so that it may almost 
be said that there are hardly any two alike. At 
the same time there are in common use three lead¬ 
ing systems known respectively as 

1. Endless Haulage Rope System. 

2. Tail Rope System. 

2. Gravity Inclined Plane. 

1 The endless system consists of a wire rope, 
usually 6x7 construction, spliced endless with small 
cars gripped on to the rope at regular intervals 
either singly or in gn'oups of two or three. Two 
kinds of drum driving arrangements are usually 
employed, known as the elliptical and the figure 8 
style respectively. The elliptical arrangement is 
preferable to the figure 8 as the rope in the latter 
case is subjected to reverse bending on the drums. 
Suitable slip rings should always be used on drums 
to equalize the tension of the different winds of 
rope, and a tension carriage with counterweight is 
also necessary. Position ,of engine and driving 


drums is usually dependent upon the location of pit 
mouth. Slow speed of about 3 to 4 miles per hour 
is the average of this system. 

2. Tail rope systems consist of two ropes 
known respectively as head line and tail line, the 
latter usually being about double the length of the 
former. Each rope is carried upon a separate drum 
and it differs from the endless system in that its 
operation is intermittent and the cycle of opera¬ 
tions is for the head line to pull out a trip of about 
fifty loaded cars at a speed of about ten miles per 
hour. The time taken for the trip is dependent 
upon the length of the headline. The tail line is 
always attached to the rear car of the trip and as 
soon as the loaded cars have run to the tipple by 
gravity, an empty trip of cars is pulled back into 
the mine by the tail line while the head line is at 
the same time attached to the front end of the 
train. The train of loaded cars or empty cars as 
the case may be, is thus always under perfect con¬ 
trol whether coming from the mine or retuminsr 
to it. 

Courtesy American Steel & Wire Co. 
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How to Order Wire Rope 


State length, size, diameter (or circumference), 
quality, number of strands, number of wires in the 
strand, and whether hemp center or wire center is 
wanted, also whether bright or galvanized is desired, 
e. g., 750 feet long, 1)4 inches in diameter, plow 
steel hoisting rope, six strands, nineteen wires, hemp 
center, one piece. 

If rope i? to be equipped with thimbles, sockets, 
hooks, links, loops or other fittings, state the length 
from the pull of thimble, socket, hook, link, loop, 
etc., to end of the rope. Where fi^'ngs are to be 
put on each end, be sure and state the length from 
pull to pull of fittings. 

If in doubt as to the material to be used, the 
conditions under which the rope operates should be 
given or a sample of rope that is satisfactory sub¬ 
mitted so that the proper quality and construction 
may be furnished. 


Inspection, Care, Lubrication 

As a rule, mining companies carry spare ropes 
on hand which should be stored in a thoroughly 
dry place. K they are put in a damp place, or left 
exposed to the weather, they will be more or less 
injured, unless the rope is thoroughly lubricated, 
and even in this case it is far better policy to have 
the roi>e well protected. 

Hoisting and haulage ropes are shipped on 
reels and unwinding is a simple matter. If the 
reel is heavy, a large diameter pipe may be passed 
through its center, which will then serve as an 
axis. Each end of the pipe is then rested on a 
brace, or other support, at such a height that the 
reel is lifted off the ground and is free to turn 
about its center. Ropes of shorter lengths are 
sometimes received in a coil and great care must 
be taken to prevent kinks in unwinding. The rope 
should be rolled along the ground like a hoop, and 
under no consideration should be taken off coil by 
coil. 

A rope should be carefully inspected when it 
is installed in order to determine whether or not 
it has been injured in transit, and, moreover, for 
the purpose of detecting imperfections in manu¬ 
facture. Manufacturers would much rather be 
advised of an^hing of this description than to 
have the rope installed and complaints made after¬ 
wards. 

Hoisting ropes should be examined daily, 
especially where men are brought in or out of the 
mine. In most states this examination is made 
compulsory. Frictional wear and corrosion exter¬ 
nally, along with abrasion of the wires and de¬ 
terioration of the core internally, due to use and 
conditions, are continually taking place. When 
this wear has progressed to such an extent that 
the cross sections of the wires are reduced and 
their strength materially lessened, broken wires 
begin to appear along its surface. As wearing 
continues, the number of breaks increases. This 
is a sure indication of the diminished strength of 
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If possible, submit a rough sketch with the or¬ 
der, or inquiry showing the size and relative position 
of ^e sheaves, together with the figures of maximum 



understanding of the requirements which the rope 
must dll. 


and Handling of Wire Rope 

the rope, since the broken wires are the result of 
the weakened condition. 

As long as the breaks are far apart, little 
effect is produced on the strength of the rope, since 
the frictional tenacity is not impaired by a few 
breaks far removed from each other. But when 
several breaks occur close together, the strength 
is much more affected. It will thus be seen that 
the number of breaks in the rope and the relation 
they bear to each other provides an index of the 
safe condition of the rope. 

All ropes should be lubricated, and in wet 
shafts the rope should be well protected from the 
entrance of moisture. In some instances ordinary 
black oil is used. This has little or no value, as it 
does not cling to the surface, penetrate to the core, 
nor resist the effects of moisture or other damag¬ 
ing elements. An efficient wire rope lubricant 
must be free from any material that will attadk 
the constituent parts of the rope, must remain soft 
and pliable under all atmospheric conditions, and 
must not be subject to evaporation. It must be 
insoluble in water and must be unaffected by the 
acids contained in mine water. It must, moreover, 
have the property of penetration, enabling it to 
reach every wire and each strand into the core. 
It must have great adhesiveness and must not ped. 

As a general rule, hoisting ropes give out at a 
point near the socket. As the slack is taken up at 
the beginning of hoisting there is considerable 
vibration, and as the len^h of rope constantly 
diminishes during the hoist, the effects of this 
swaying of the rope are concentrated at or about 
the socket. Crystallization of the wires ti^es 
place, and in order to eliminate this weidiened sec¬ 
tion a portion of the rope should be cut off at reg¬ 
ular intervals. Wire ropes will always stret^ 
after being put into, service, and unless ample pro¬ 
vision is made at the cage connections for taUng 
up the increase in length, the excess may have 
to be taken up on the drum or else the rope cut 
and re-socketed. 


SECTION VIII 


Digitized by L^OOQle 



394 DATA. _ 

RULES FOR THE INSTALLATION AND 

1. Sockets are recommended for all rope at¬ 
tachments; when properly made they will develop 
the full strength of the rope. 

2. All socket attachments should be made with 
zinc. 

3. All wires should be thoroughly cleaned and 
fluxed. 

4. All wires should be separated and straight¬ 
ened. 

6. Four good seizings of iron wire should be 
placed on the rope, the firat at a point from the end 
of the rope equal to the length of the socket basket. 

6. The zinc should be poured when its tem¬ 
perature will cause a pine stick to char and ignite. 

7. When the surrounding temperature is less 
than 50® F., the socket should be warmed before 
pouring the zinc. 

8. At the top of the socket there is a point 
which is ri^d where vibration is arrested suddenly, 
causing fatigue at that point. Therefore, the rope 
should be resocketed eve^ three months for a 
speed of 1,000 feet per minute or less, and every 
two months for higher speeds. 

9. When resocketing, about 6 feet of rope 
should be cut off the end and examined for internal 
corrosion. This length is specified because this 
part of the rope is subject to the most rapid de¬ 
preciation. It is advisable, since it brings another 
section of rope on the head sheave when the cage is 
stationary. 

10. All new hoists should have drum capacity 
enough to take care of the surplus rope necessary 
to permit resodceting and allow a minimum of three 
laps to remain on the drum when the rope is fully 
out. 

11. Clips are not advisable for fastening the 
rope to the cage, as they do not develop the ulti- 

WIRE ROPE 

In ordina^ wire rope practice, there are three 
classes of splices, i. e., the “End-to-End,” the “End¬ 
less,” and the “Thimble” splice. 

END-TO-END splicing is the process of attach¬ 
ing one rope to another, making one long rope out 
of the two, by interlocking the strands as shown 
by the accompanying illustration. Ropes of simi¬ 
lar construction can usually be spliced in this way, 
even though they be made by different manufac¬ 
turers. However, it is apparent that a right lay 
rope could not be spliced with a left lay one. In 
making this splice a certain amount of the rope is 
used up, and this should be taken into considera¬ 
tion in ordering an endless rope. The shrinkage in 
length ranges from 16 feet for rope % inch diam¬ 
eter to 44 feet for ropes of inch diameter. 
Ropes of long lay may be spliced End-to-End, but 
the strands are more difficult to tuck in. 

The ENDLESS splice is made in exactly the 
same manner as the End-to-End splice, the only 
difference being that instead of interlocking the 
ends of two different ropes, we interlock the ends 
of the same rope. In this splice approximately the 
same amount of rope is used as in the End-to-End. 

The THIMBLE splice is the process of forming 
a loop into the end of a rope and then interlocking 
the strands, the loop usually containing a thimble 


MAINTENANCE OF HOISTING ROPES 

mate strength of the rope and when placed incor¬ 
rectly may damage the rope to a great extent. 

12. Catalog strengths are to be used in fixing 
the proper load capacity of a rope. 

13. The factor of safety is not to be less than 
five for vertical shafts. 

14. The factor of safety is not to be less than 
six for slopes and inclines. 

15. The head sheaves shall be at least 60 times 
the diameter of the rope for 6x19 ropes and 90 
times the rope diameter for 6x7 ropes. 

16. All knuckle sheaves on slopes or inclines 
that change the direction of the rope 20® or more 
shall have diameters as specified in article 15. 

17. All ropes shall be inspected daily. 

18. All ropes should be thoroughly lubricated. 

19. The lubricant shall consist of oils and 
greases that will penetrate between the wires and 
the strands. The rope shall not be coated with any 
lubricant that hardens on the outside, as this 
cracks with bending over the sheaves and drums 
and when exposed to moisture allows the moisture 
to penetrate to the center and cause internal cor¬ 
rosion. 

20. Head sheaves must be in perfect align¬ 
ment with slope or incline. 

21. All sheaves must run true and be kept in 
perfect condition. 

22. All sheaves shall have grooves that sup¬ 
port the rope for one-third of the rope diameter. 

23. All metal surfaces on obstructions in con¬ 
tact with the rope must be eliminated. 

24. On inclines and slopes the moving rope 
must be kept from contact with the rails and other 
metal unless this be impossible, when roller equip¬ 
ment must be installed to the best possible advan¬ 
tage. 

Bulletin 75, U. S. Bureau of Mines. 

SPUCING 

or other fitting. Only a foot or two is used up in 
this splice. 

Directions for Splicing Wire Rope 

The tools required for splicing are a small 
marlin-spike, nipping cutters, and either clamps or 
a small hemp rope sling with which to wrap around 
and untwist the rope. If a bench vise is accessible, 
it will be found very convenient for holding the 
rope. 

In splicing rope, a certain length is used in 
making the splice. An allowance for this must be 
made in ordering the rope. The table below gives 
these lengths for different sizes of ropes: 


Diameter of 
Rope 
in Inches 

Extra Lengrth 
Allowed for 
the Splice 
Feet 

Diameter of 
Rope 
in Inches 

Extra Length 
Allowed for 
the Splice 
Feet 

% 

16 

1 

32 

% 

16 


36 

% 

20 

1 % 

40 

% 

24 

1 % 

44 

% 

28 




Having measured carefully the length the rope 
should be after splicing and marked the points M 
and M' (F7g. 1), unlay the strands from each end 
E and E' to M and M', and cut off the hemp center. 
at M and M', and then; 


SECTION VIII 


MINING CATAr.OO 


Digitized by LjOOQie 


WIRE ROPE DATA, 


First. Interlock the six unlaid strands of each 
end alternately, cutting off the hemp centers at M 
and M' and draw wire strands together, so that the 
points M and M' meet, as shown in Fig. 2. 

Second. Unlay a strand from one end, and fol¬ 
lowing the unlay closely, lay into the seam or 
groove it opens the strand opposite it, belonging to 
the other end of the rope, until there remains a 
len^h of strand equal in inches to the length of 
splice EE in feet, e. g., the straight end of the inlaid 
strand A on i/4-inch rope equal 16 inches for 16-foot 
splice. Then cut the other strand to about the 
same length from the point of meeting, as shown 
at A (Fig 3). 

Third. Unlay the adjacent strand in the op¬ 
posite direction, and following the unlay closely, 
lay in its place the corresponding opposite strand, 
cutting the ends as described before at B (Fig 3). 

The four strands are now laid in place termi¬ 
nating at A and B, with the eight remaining at 
M and M', as shown in Fig. 3. 


Fig. 1 

B H 



It will be well after laying each pair of strands 
to tie them temporarily at the points A and B. 

Pursue the same course with the remaining four 
pairs of opposite strands, stopping each pair of 
strands so as to divide the space between A/and B 
into five equal parts, as shown in Fig. 4, and cut¬ 
ting the ends as before. 

All strands are now laid in their proper places 
with their respective ends passing each other, as 
shown in Fig. 4. 

All methods of rope splicing are identical up to 
this point; their variety consists in the method of 
securing the ends. One good way is as follows: 


Fig. 6 Fig. 7 

Clamp the rope either in a vise at a point to 
the left of A (Fig. 4), and by a hand clamp applied 
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near A open up the rope by untwisting sufficiently 
to cut the hemp core at A, and, seizing it with the 
nippers, let your assistant draw it out slowly. Then 
insert a marlin-spike under the two nearest strands 
to open up the rope and starting the loose strand 
into the space left vacant by the hemp center, 
rotate the marlin-spike so as to run the strand into 
the center. Cut the hemp core where the strand 
ends, and push the end of hemp back into its place. 
Remove the clamps and let the rope close together 
around it. Draw out the hemp core in the opposite 
direction and lay the other strand in the center of 
the rope in the same manner. Repeat the operation 
at the live remaining points, and hammer the rope 
lightly at the points where the ends pass each 
other at A, A', B, B', etc., with small wooden mal¬ 
lets, and the splice is complete, as shown in Fig. 6. 

If a clamp and vise are not obtainable, two rope 
slings and short wooden levers may be used to un¬ 
twist and open up the rope. 

A rope spliced as above will be nearly as strong 
as the original rope, and smooth everywhere. After 
running a few days, the splice, if well made, cannot 
be pointed out except by the close examination of 
an expert. 

Courtesy Americkn Steel and Wire Co. 


SPECIMEN FORM SHEET FOR HOISTING 
PLANT 

(Znfonnation Beslred 1>7 Mannfaotiireni) 

Company . 

Liocation . 

Type of Holst, steam or electrical. 

Geared or first motion. 

Single or double drum. 

Weight of skip.■. 

Weight of cage. 

Load 

Weight of car. . 

Weight of ore. 

Weight of rope. 

Average speed desired. 

Shaft—^Vertical or Inclined. 

Degree of inclination from horizontal. 

Single or double compartment. 

Size of compartments. 

Present depth . 

Ultimate depth . 

Size and kind of rope to be used. 

Cages—In balance or independent. 

Type of clutch desired. 

Type of brake desired. 

Steam pressure available at engine. 

Corliss or slide valve. 

Electric current available at motor— 

Alternating or direct. 

Voltage . 

Phase . 

Cycle . 

Time in operation. 

Time at rest. 

Remarks. 


Signature . Date . 
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HOISTING DATA. 


*TABLE OF THE MORE IMPORTANT SIGNALS PRESCRIBED BY LAW OR IN COMMON USE IN 
THE PRINCIPAL METAL-MINING STATES AND DISTRICTS 



2belb. 3 bells. 



Other signals of 
imporUiDcc. 


Knm> 

berof Mpamlng. 
bells. 


Arizona. State code. Holst-stop- Lower... 

release shaft 
conveyance. 

California.do. Hoist—stop.do_ 

Colorado.do.do.do_ 


Men on.. Steam on (or Blasting..... Air on (or off)- Danger. 

off) 

...do. Start (or stop) Send down Send down Foreman 

pump. tools. timbers. wanted. 

...do. Accident— 


Idaho..do.. 


Michigan; 

Dickinson In common 
County. use. 


move by 
verbal orders 
only. 

Blasting. Danger.. 


2- 3-1 Blasting. 

3- 2-1 Do. 


County. 

O o g e b ic 
County. 


Hoist... Lower slowly. Hoist slowly. 

...do. Lower men. Holst men... 


1-2 Lower men. 
1-3 Hoist men. 


rRecommended 

Iron County.. 

managers. 

Keweenaw In common 


...do. Lower slowly.. Hoist slowly ' 


County. use. 

Marquet te Used by lead- Stop.do.. 

County. ing company. 

Minnesota: 

Crow Wing In common .do.do., 

(^unty. use. 


.do... Men on.. 


...do. Lower men... Holstmen... Blasting....... Steam on (or Air on Danger.. 

off). (or off). 


St. . Louis .do.. 

County. 


I Hoist 
ore or 
empty 

'hX... 


Missouri: Joplin 
district. 


.do. Hoist men— ...do.. 

stop. 


Montana. State code. Hoist—stop... Lower 

men. 

Nevada.do.do. lower.. 


Call con¬ 
veyance 
for men. 
Hoist 
men. 

Men on.. . 


Lowermenon Hoistrock.. Hoist cage Startcompres- More Stop 

cage. Lower with men. sor. air. corn- 

skip slowly. Hoist skip pressor, 

slowly. 

Lower slowly.. Hoist slowly Hoist slowly... 

to shaft 
collar. 


Steam on.... Steam off.| Air on.. Air off.. 


a 8-4 Lower men. 
a S-6 Hoist men. 
1-3 Hoistrock. 


New York. Usedbyasalt Stop. Holst Lower Holst slowly.. Lower slowly For use of 


company. cage at cage at 

usual usual 
speed. speed. 

Do. Used by large Hoist—stop... -Lower.. Men on. 

Iron mining 
> company. 

Oregon. State code.do.do.do.... Move slowly.. Send down 


shaft men 
only (as in 
repairs). 


Send down Accident..!. 

timber. I 

Steam off. Air on. Air off.'. Danger . 


3-2-H Blasting. 


South Dakota I .do.!.do. Lower Hoist Blasting. Steam on Steam off. Air on 

I I men. men. 

Utah.I In common —.^jo. Lower.do_ Start or stop Send down Send down Acclden 

I u>'c. pump. tools. timber. move 


Wyoming. 


! Stale code.....do.. 


move by 
verbal or¬ 
ders only. 
...do. 


3-2-1 Do. 


3-2-1 Do. 


a When repeating system is not used. 


^Bulletin No. 15. U. S. Bureau of Mines. 


FORMULA FOR STRENGTH OF ROPE 


The Bureau of Standards laboratories in the De¬ 
partment of Commerce have made tests from which 
it has been possible to deduce a formula that will 
give the strength of ropes. 

For three-strand, regular lay manila rope from 
V^-in. to 41/^-in. in diameter, the following compu¬ 
tation will give the breaking load of the rope: 

The average breaking load in pounds equals 
6,000 multiplied by the diameter of the rope in 
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inches, multiplied by the diameter of the rope in¬ 
creased by one. 

This will give, of course, the average maximum 
weight that the rope will hold, but the working 
load or the load that a contractor or safe-hauler 
may apply with proper safety and precaution would 
be considerably less than the load given by the 
formula. 

Other data on rope are contained in Technologic 
Paper of the Bureau of Standards No 198, by A. H. 
Stang and L. R. Strickenberg, which has just been 
issued. 

—^Eng^lneeringr and Mining Journal. December 3. 1921. 
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ALUS-CHALMERS MANUFACTURING COMPANY. 


HOISTS. 




Allis-Chalmers Manufacturing Company 

MILWAUKEE, WISCONSIN 

For Branch Offices and Other Products, See Page 168 

Steam and Electric Hoists 




Allis-Chahners Manufacturing Company is in a ganization is at the disposal of prospective purchas- 
position to offer you all types and sizes of steam ers without obligation. They will make recom- 
and electric hoists. It has in successful operation mendations as to the type of hoist best suited for 
electric hoists for all conditions of service, both your particular requirements. This is the only 
with induction motor drive and with direct current 



motor and flywheel equalizing sets, 


Oil Pressure System—Motor Direct Connected 


Allls-Chalmers Liiquid Controller for Mine Hoists 


The hoists are equipped with the most improved 
safety features to completely protect the hoist in 
every emergency. The Company’s engineering or- 


company which builds the entire hoist with motor 
and control in one plant under direction of one 
engineering and one manufacturing organization. 




1 ." ‘i- 



23,300 Lb. Rope Pull Double Drum Ore Hoist. Structural Steel Parallel Motion Post Brakes. Brown 
Clutches, Aux. Oil Engrines, Oil Pressure System. Complete Safety Features. 760 H. P. Induction Motor. 

Liquid Controller. 
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gQg HOISTS.__THE ENGLISH TOOL & SUPPLY CO. 


THE ENGLISH TOOL & SUPPLY CO. 


SAMSON 


Iron Works Department 
KANSAS CITY, MO., U. S. A. 


HOISTS 


For Electric, Steam, Gasoline or Oil Engine Power 


SAMSON 



No. 202 Slngrle Friction Drum Electric Hoist 


No. 202 Hoist frame is of fabricated steel. This 
machine is much lighter than a^casf iron hoist, and 
is equally strong. The cost o£ transportation, due 
to its light weight, is comparitively small. The 
hoist gears are semi-steel. The motor pinion is 
rawhide. The teeth of the gears are cut on auto¬ 
matic machines, thus insuring smooth, quiet run¬ 
ning and long life. The drum hubs are fitted with 
phosphor bronze bushings. Both friction clutch 
and band brake are hand operated, the operating 
levers being conveniently arranged and provided 
with quadrants and locking pawls. 

TABZ.E OF SIZES, ETC. 


Hoisting 

Duty 

1 

Drum 1 

1 

Load or 
Rope Pull, 
Pounds 

DIa. 

Inches 

I Length I 

1 BetweenlFt. of Rope ' 
1 Flanges, I Drum I 

1 Inches I Will Hold I 


Size of 
Rope. 
Inches 


Weiprht, 

Pound.s 


2500 


1500 


2300 


For driving these hoists we furnish either direct 
current or alternating current motors. The con¬ 
trollers used are usually of the drum type, as 
illustrated. 


Nos. 144Va-146i/^ Sing^le Friction Drum Electric Hoists 


These hoists are equipped with band friction clutches and post brakes; if specified differential band 
brake can be furnished. The frames are sectional, of the box girder type with machined joints. The 
design brings shaft bearings and drum near the ground and insures a rigid and compact unit, suitable 
for hard and continuous mine service. 

Spur gears are used, of a special mixture of cast iron, the hoist pinion is steel, the motor pinion raw- 
hide; all teeth are cut from the solid. Where specified, steel herringbone gears throughout will be 
furnished instead of spur gears. Where hoisting duty permits these hoists can be furnished with 
single reduction gears. 

Gear guards of heavy steel plate (not illustrated) are furnished. 

The electrical equipment is alternating current, or direct current as may be required. The type of 
controller furnished will depend upon the size of motor used and hoisting conditions. 


TAEEE or SIZES, ETC. 


Hoist Number 

Hoisting Duty 

1 1 

Drum 1 I 

1 

1 

Weight, 

Pounds 

Load or Rope 
Pull, Pounds 

! Length 

Diameter, I Betw'een 

Inches 1 Flanges, 

! 1 Inches 

1 Size of Rope, 1 Floor Space, 

1 Feet of Rope 1 Inches j Inches 

Drum Will | i 

I Hold 1 1 

144% 

146VJ 

7000 

10000 

42 30 

54 30 

3500 % 130x114 1 16,700 

1 3300 1 204x144 1 33,200 

1 
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THE ENGLISH TOOL & SUPPLY CO. 


HOISTS, 


SAMSON 


Gasoline—^Kerosene Engine Hoists 


These hoists, one of which is illustrated below, are equipped with wonderfully simple and rugged 
two-cylinder twin motors, especially designed for the demands of hoisting duty and guaranteed to 
bum either kerosene or gasoline with equal efficiency. 



Nos. 80%, 81%. Singrie Friction Drum Holst 


The motor will “pick up” in¬ 
stantly from no load to full load 
without misliring, without throt¬ 
tling and without delicate adjust¬ 
ment of the carburetor. This is 
especially advantageous when 
doing work with quick power 
changes such as hoisting work. 



The Motor 


Under any conditions they give as efficient service as can be obtained from steam or electric hoists. 

Our hoists Nos. 80%, 81%, are made with one-piece frames. The hoist with its kerosene-gasoline 
motor is a self-contained complete unit. 

The cut gears are of semi-steel, having involute teeth of the proper pitch for the rated load and 
speed. The motor pinion is rawhide, thus insuring smooth, quiet running and minimum of wear. Gear 
guards made of heavy steel bands are furnished, covering both gears and pinions. The clutch and brake 
levers are mounted in a rack convenient for the operator. A foot brake is also provided. 


TABU or BUBS, BTO. 


- 1 

1 HOISTING DUTY 

ENGINE ^ 

DRUM 

Size 
of Rope 
Inches ^ 

Approx. ! 
Floor Space 
Inches 



Holst 

Number 

T H ' 

Load or , 
Rope Pull, 
Pounds 

Rope Speed, 
Feet 

Per Minute 

Horse 

Power 

1 1 

Diameter, 

Inches 

1 1 

Length 

Between 

Flanges, 

Inches 

Feet of 
Rope Drum 
Will Hold 

Weight 

Pounds 

Telegraphic 

Cipher 

80% 

* 2500 

225 

20 

16 

22 


1 

% 

55x67 

4700 

Sanged 

81% 

3500 

1 

225 

30 

26 

24 


% 

65x77 

7200 

Saplessed 


NOTE:— 

Each Hoist is furnished with Water Cooling Tank, Fuel Tank and Full Equipment of accessories nec¬ 
essary for successful operation. 
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HOISTS AND MILL MACHINERY, 


THE DENVER ENGINEERING WORKS CO. 


The Denver Engineering Works Co. 

Suite 333 Cooper Bldg., DENVER, COLO. 

ENGINEERS — MANUFACTURERS 
Hoisting, Crushing and Concentrating Machinery 


Products 

Electric Hoists, Rod and Ball Mills, Concentrating Machinery, Jaw Crushers, Rolls, Ore Samplers, 
Mine Timber Framing Machines, Mine Cages and Skips, Sample Grinders, Gears, iSilsator Classifiers and 
Jigs, Flotation Machines. 



t 


Dewco Electric Hoist 


Electric Hoists 

For metal, coal mining and quarry opera¬ 
tions. 

From small sectionalized to large heavy duty 
types single, double or triple drums. 

Vertical or incline shaft. 

Winding engines for continuous haulage. 

27 years of successful operation. 



Dewco Rod Mill 


Rod and Ball Mills 

For wet or dry crushing oh metallic or non- 
metaUic materials. 

Reduce crusher product to table or dotation 
pulp in one operation. 

Simple design, rugged construction, continuous 
service, minimum adjustment. 



Greenawalt Flotation Machine 


Concentrating Machinery 

Greenawalt Flotation Machine—^Thorough agi¬ 
tation, high mineral recovery. Arranged for elec¬ 
tric motor or belt drive. 

Richards Pulsator Classifiers—For classification 
of table pulps. 

Richards Pulsator Jigs of large capacity for 
high grade concentrate and for recovering mineral 
in placer operations. 


Associated for more than 25 years in the development of mining and metallurgical operations, we 
are prepared to design efficient ore treatment systems and furnish thoroughly built machinery equip¬ 
ment under the supervision of competent engineers and builders. 
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Single and Double Drum Hoists from 
15 to 100 H. P., fitted with band brakes, 
band friction clutches, 
I rawhide pinions, cut 
gears for use in small 


JOSHUA HENDY IRON WORKS 


HOISTS. 


JOSHUA HENDY IRON WORKS 


ESTABLISHED 1856 

General Office 

61-75 Fremont Street, SAN FRANCISCO, CALIFORNIA 

Works—Sunnyvale, Santa Clara Co., California 

Manufacturers of 


Mining Machinery 


Products 

Mine Hoists operated by Steam, Electricity, Air 
or Water Power. 

Industrial Hoists; Derricks; Winches; Cable- 
ways; Mine Cages; Skips; Buckets; Safety Cross¬ 
heads ; Sheaves, etc. 

For other products see pages 360, 528, 529, 630 

and 


Special Double and Triple Drum Hoists 
either direct-connected to Electric Motor or 
Gas Engine for Contractors, Quarries, Lum¬ 
ber Yards, etc. 


Standard Type Double Drum Mine Hoist made in sizes from 50 to 350 H. P. and operating either with double reduction 
cut gears and rawhide pinions, or single reduction with Herringbone gears. 

Heavy post brakes, band friction clutches. Simple, Rugged, Efficient. 
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Heavy Duty Single Drum Type, particularly designed to 
meet the severest requirements, made in sizes from 50 to 
360 H. P. 


Oil Engrine Hoists that will bum Gasoline, Kerosene, 
Distillate or Stove Oil. Made in sizes from 5 H. P. to 
100 H. P. 




Special Bicycle 
Type Sheaves with 
wrought iron spokes 
built in all sizes for 
any requirements. 


Cages and 
Skips designed 
to meet the 
conditions of 
an^ shaft and 
built to comply 
with all the 
safety laws. 
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LAKE-SHORE ENGINE WORKS. 


LAKE SHORE ENGINE WORKS 

MARQUETTE. MICHIGAN 

Designers and Manufacturers of 

Electric, Steam and Air Hoists for 
Hoisting, Haulage, Scraping 


Products 

Situated in the heart of the Lake Superior iron and copper mining district, and specializing for thirty 
years in the manufacture of mining equipment, we have developed a complete line of mine hoists, cars, 
skips, cages, buckets, car wheels, sheaves, drills, mechanical loaders, scraper hoists, etc. It is impossible 
to show in these pages the wide range of designs we have perfected. Our engineering organization is at 
the disposal of prospective purchasers without obligation. We have catalogs of our various lines which 
we will be pleased to supply upon application. For other products, see Pages 363 and 415. 



Double Drum Electric Holst 


Sing:le Drum Electric Hoist 


Single drum electric hoist with double reduction 
gearing—^post brakes—no clutch. For development 
and underground service. 

Built in 3 ft., 4 ft. and 5 ft. sizes. 


Double drum electric hoist with single reduction 
Wuest gearing—band brakes and Lane friction 
clutches—arranged fqr hand operation. 

Built in 4 ft., 5 ft., 6 ft. and 8 ft. sizes. 


Single Drum Electric Holst 


Single drum electric hoist with double reduc¬ 
tion Wuest gearing—band brake—no clutch. 

Built in 4 ft., 5 ft., 6 ft., 7 ft. and 8 ft. sizes. 





Single Drum Electric Holst 


Single drum electric hoist with double reduction 
(spur and herringbone) gearing—band brake—^no 
clutch. 

Built in 4 ft., 5 ft., 6 ft., 7 ft. and 8 ft. sizes. 


OUR EXPERIENCE-THIRTY YEARS IN THE LAKE SUPERIOR MINING DISTRICT 
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LAKE SHORE ENGINE WORKS. 


HOISTS! 
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Air and Electric Scraper Hoists 


H. P. motor. 

Two Drums 12 in. diameter by 5i/4 in, 
Expanding Shoe Friction Clutches. 


General Description 

Drum capacity 275 ft. in. rope, 
face. Rope speed 125 ft. per minute. 

Capacity 2,000 lbs. rope pull. 


Oyerall Dimensions 

3 ft. 4% in. wide; 4 ft. 2 in. long; 2 ft. 4 in. high. Total weight 1,400 pounds. 

The two types of hoists shown on this page are designed especially for operating scraper loaders now 
in popular use in the mines. They are designed especially for this service and have given excellent 
results wherever they have been used. Quick acting and powerful clutches, portability and compact¬ 
ness feature these machines. We have much additional data which we will supply on application. 
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General Description 

6 in. X 9 in. Double Cylinders with reversing Rope Spool on crank shaft, 
throttle. Capacity drums 400 ft. % in. rope. 

Two Drums 12 in. diameter with flanges 24 in. Rope speed 200 ft. per minute, 
high. Capacity 3,500 lbs. rope puU at 80 lbs, 

Multiple Disc Friction Clutches. pressure. 

Overall Dimensions 

Width 3 ft. 6 in. Height 3 ft. 6 in. Length 5 ft. 3 in. Weight 3,500 lbs. 
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J. S. MUNDY HOISTING ENGINE CO. 


J. S. MUNDY HOISTING ENGINE CO. 

ESTABLISHED 1869 

Office and Works: 722-744 Frelinghuysen Ave., NEWARK, N. J. 

Engineers and Manufacturers of 

The *^Mundy^^ Steam, Electric and Gasoline Mine Hoisting and 
Haulage Engines; Derricks; Cableways 


Gasoline Mine Hoist 

Constructed with Fairbanks Morse Type 
Z Gas Engine with gear-driven magneto. 

Easily transported and quickly set up in 
working position. 

This mine hoist was developed for pros¬ 
pecting work, and was designed with the 
view of it being transported frequently. The 
following table gives the ratings of the 
standard sizes. 

We design special gasoline mine hoists to 
suit individual requirements. 



OASOun Kara hout 


Qasoline Mine Holst 




Cableway Haulage Engine 

This engine is designed for cableway 
haulage, underground haulage and mines, 
for inclines, or in fact for any puri)ose 
where an endless rope is used. It is con¬ 
structed with double cylinders, reversible 
link motion and powerful band brakes, 
Raybestos lined. The grooved wheels for the 
rope are made of semi-steel to withstand 
heavy duty, and are bolted to the gears so 
that they can be replaced. 


WRITE FOR MINE HOIST BULLETIN 

























OTTUMWA IRON WORKS. 


HOISTS, TRUCES AND CARS. 

OTTUMWA IRON WORKS 

OTTUMWA, IOWA, U. S. A. 

ESTABI.ISHBD 1867 INOORPORATEiD 1908 

Electric and Steam Hoists, Mine Cars, Roller Bearing Trucks, Etc* 


Products 

“Ottumwa” Cylindro-Conical Drum Electric 
Hoists. 

“Ottumwa” Standard Cylindrical Drum Electric 
Hoists. 

“Ottumwa” Steam Hoists. 

“Ottumwa” Patent Roller Bearing Trucks, 
Mine Cars, Sheaves and Rollers. 


Hoists 

The Ottumwa Iron Works build Hoists that are 
reliable and which meet the specific requirements of 



Hoists have saved as much as 25% in power con¬ 
sumption. 

Trucks 


In the manufacture of the “Ottumwa” Patent 
Roller Bearing Trucks the Ottumwa Iron Works 



produces not only a high grade wheel, but also 
a mechanic^y correct Roller Bearing which is 
guaranteed to give satisfactory service. The 
wheels are amply chilled to insure long wear. 
Write for Bulletin No. 210. 

Mine Cars 

The Mine Cars manufactured by the Ot¬ 
tumwa Iron Works are built for service. Only 
the best grade material for the purpose is used 



customers. The long experience of their Engineer¬ 
ing Department is at all times at the service of cus¬ 
tomers. 

Embodied in the Ottumwa Hoists are the latest 
improvements. The Ottumwa Iron Works have in- 


in their construction. They are equipped with 
“Ottumwa” Patent Roller Bearing Trucks. Write 
for prices, giving the following i^ormation: 

Wheel diameter . 

Diameter of axle. 


vented, perfected and patented a number of devices Track gauge . 

for Electric hoists which have proven wonderfully Wheel base. 

effective. The Ottumwa Cylindro-Conical Drum Capacity of car.Lbs. 


imJTTJG CATAIXJO 
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HOISTS, PUMPS AND DRILLS. 


THE PNEUMELECTRIC CORPORATION. 


The Pneumclcctric Corporation 

Syracuse, n. y. S^uumelee^^ 


Hoists, Pumps and Rock Drills 


Products 

Hoists—Scraper Loader and Drag Line; Small Electric and Small Single Drum; Drills—Electric 
Rock and Electric Plugger; Electric Mine Pumps. 


Scraper Loader and Drag Line Hoists 

1500 to 4000 pounds rope pull. 

Friction drive. 

Internal expanding band clutch. 

Band brhke. 

Machine cut steel gears. 

Steel plate base. 

Motor either Alternating Current or Direct 
Current. 

Dimensions—^Height, 27 inches; length, 65 
inches; width, 94 inches. 

Also made in single drum for general hoisting 
purposes. 



Scraper Loader and Drag: Line Hoist 



Small Single Drum Holst 


Small Electric Hoists for Genera] Service 

Capacity—1000 to 2000 pounds rope pull. 

Positive drive through jaw clutch. 

All gears machine cut. 

Electrical equipment either Alternating Current or Direct 
Current with resistance for running speed control. 

Motor capacity 5 to 15 H. P. 

Dimensions—Height, 80 inches; length, 52 inches; width, 
28 inches. 

Also made in double drum. 



Electric Plugger for Drilling "Up” Holes 
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THOMAS ELEVATOR COMPANY. HOISTS. 

THOMAS ELEVATOR COMPANY 

20 South Hoyne Avenue, CHICAGO, ILL. 

Manufacturers of 

ELECTRIC MINE HOISTS 


Products 

Electric Hoists for use in mines, tunnels and 
quarries. For service in hoisting from shafts, in¬ 
clined car hauls, gathering cars and moving Scraper 
Loaders. 

Built with Single Drum having Band Friction; 
also as a direct coimected unit. 

Thomas Electric Gathering Hoist 

Designed for much heavier line pull than the 
ordinary gathering hoist and is fitted with our pat- 



Thomas Gathering Hoist. 


ented Cone Friction Clutch, which eliminates time 
lost in shifting pinions in and out of engagement 
on other hoists. 

Over-all dimensions: Width 32"; Length 60"; 
Height 29". 


TABLE OP SPEEDS AND CAPACITIES 
_For 220 Volt Direct Current 


Catalog 

Number 

H. P. 
Motor 

Line Pull 
in Pounds 

Speed in 
Feet per 
Minute 

Approx. 

Shipping 

Weight 

Electrical Control 
Apparatus 

2401 

5 

900 

150 

1 1680 

Starting Switch only. 

2402 

5 

900 

150 

1 1680 

Variable Speed Control. 

2403 

7% 

1400 

150 

1850 

Starting Switch only. 

2404 

7^5 

1400 

150 

1850 

Variable Speed Control. 

2405 

10 

1500 

175 

1850 

Starting Switch only. 

2406 

10 

1500 

175 

1850 

Variable Speed Control. 


Thomas Slope Hoist 

A Double-Reduction Single-Drum Hoist of 
the Band Friction type, designed for shaft sink¬ 
ing, incline haulage and other classes of service 
where a large drum and ample cable capacity are 



Thoma.s Slope Hoist. 


r^uired. Equipped with our patented Band Fric¬ 
tion, the advantage of which is readily apparent 
on long hauls, as it is operated without a thrust 
bearing and there is no possibility of Friction be- 
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coming hot. When this hoist is ordered with 
machine cut grooves in drum, friction clutch can 
be locked into engagement at any time and hoist 
used as a Direct-Connected outfit for operating 
cages or cars in balance. 


SLOPE HOIST DATA TABLE 

Speeds and Capacities Based on Application to Intermittent 
Service and Can Be Varied to Meet Particular Requirements 


For 

220-550 

Volt 

Direct 

Current 

CaUloK 

No. 

H. P. 
of 
Mo¬ 
tor 

Drum Dlmensioiu 

Hoisting Duty 

Bedplate 

Dimenslonf 

Apprat. 

Shipping 

Weight 

Lbs. 

Dla. 

lo. 

Face 

In. 

n‘g8 

In. 

Load 

Single 

Line 

Speed 

Fr.per 

min. 

Width 

In. 

Length 

In. 

K15D 

P12D 

P629D 

P652D 

50 

100 

150 

250, 

18 

26 

42 

54 

22 

25% 

30 

44 

36 

46 

58 

76 

H 

300 

350 

450 

600 

57 

89% 

84 

96% 

117 

168 

H 

For 

3 -Phase 
60-Cycle| 
220-4401 
Volt I 

Alter¬ 

nating 

Current 

CaUloc 

No. 

I 

I 

H. P.| 
of 1 
Mo¬ 
tor 

1 

Drum Dimensions 

Hoisting Duty 

Bedplate 
DimenaioDS | 

— 

Approoc. 

Shipping 

Weight 

Lbs. 

Dia. 

In. 

Face 

In. 

Fl’gs 

In. 

Single 

Line 

Load 

Speed 
Ft. per 
min. 

Width 

In. 

Length 

In. 

K15A 
P12A 
P12B 
P629A 
' P652A 

1 

1 55 
75 
90 
150 
250 

18 

26 

26 

42 

54 

22 

25% 

25% 

30 

44 

36 

46 

46 

58 

76 

5000 

7500 

7500 

10000 

12000 

300 

290 

325 

450 

600 

51 

57% 

57% 

70% 

89% 

84 

U 

117 

168 

7100 

8950 

9100 

13000 

25000 


Thomas Shaft Hoist 

For operating cars or cages in counterbalance 
on a vertical lift or slope. Drum is machine scored 
and arranged to alternately wind and unwind a given 
amount of a certain size cable. Motor is reversible. 



Thomas Shaft Hoist. 


Scraper Loader Hoist 

Designed especially for operating Scraper Load¬ 
ers. Has normal line pull of 2,000 lbs. or a maxi¬ 
mum line pull of 3,500 lbs. on a single line. 



Thomas Scraper I.ioader Hoist. 


Can be furnished with gearipg to give any speed 
ranging between 200 and 300 feet per minute. 

This hoist measures approximately 64" wide; 
64" long and 30" high. 
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^0g HOISTS, SKIPS AND CAGES. 


THE VULCAN IRON WORKS CO. 


THE VULCAN IRON WORKS CO. 

DENVER, COLORADO 

Designers and Manufacturers of 

Electric and Steam Hoists 
Skips, Cages, Sheaves and Ore Cars 




Products 

VULCAN-DENVER Electric and Steam Hoists and Haulage Engines—Single and Double Reduction 
and Direct Connected Types, made in 38 standard sizes. Gravity Lowering Drums. 

Skips—Self-Dumping and Bottom Discharge. Cages—^Platform and Self Dumping. 

Sheaves—Steel Spoke and Solid. Cars—Side and End Dumping. 

Gears—Spur, Helical and Herringbone. 



Single Reduction Electric Hoist—20,000 Lb. Rope Pull 


Single Reduction Electric Hoist—Two Motors, Power 
Operated Brakes 



Skips 

In many styles 
for vertical or in¬ 
clined shafts and 
in combination with 
cages. Carefully 
reinforced and riv¬ 
eted to withstand 
hard service. 




Double Reduction Electric Holst 
with Herringbone Gears 


General 



Hoists 

All hoist gears 
are accurately cut 
on the most modem 
gear cutting ma¬ 
chinery. Post or 
band brakes, plate 
or band clutches are 
used according to 
conditions, and are 
hand or power op¬ 
erated. Materials 
used throughout are 
checked in our 
physical testing lab¬ 
oratory. 



Cages 

Large safely fac¬ 
tors are used in the 
design of our cages. 
They are unusu:^ 
rigid in construction 
and have simple 
positive safety g^r. 
Automatic landing 
chairs if desired. 



Portable Room Hoist 


Thirty years of en^neering and manufacturing experience in direct contact with the varied mining 
conditions of the West is incorporated into the designs of Vulcan-Denver Hoists and Mine Equipment. Our 
engineering department is always at your service for an.y co-operation or suggestion that you may desire. 
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THE WELLMAN-SEAVER-MORGAN COMPANY. HOISTING AND HAULAGE ENGINES. 


The Wcllman-Seavcr-Morgan Company 

CLEVELAND, OHIO 

BRANCH OFFICES AND AGENCIES 
Akron Wilkes-Barre New York Birmingham 
San Francisco London Mexico City Paris 




Products 

Electric and Steam Hoists and Haulage Ma¬ 
chines ; Cages; Skips; Sheaves; Head Frames; 
Safety Detaching Hooks; Incline Machines; Ro¬ 
tating Car Tipples; Ore & Coal Handling Machinery; 
Coke Oven Machinery; Hydraulic Turbines; Gas 
Producers; Special Cranes; Port and Terminal 
Equipment. 

These various lines of manufacture are handled 
by separate departments, each department having 
its own staff of engineers especially trained for this 
particular class of work. 

Standardization 

Special attention has been given to standardiza¬ 
tion of the smaller size hoists which increases the 
efficiency of our own work and at the same time 
conserves the best interests of our customers. 

Our catalogue of standard hoists, No. 58, gives 
all information regarding loads, rope speeds and 
principal dimensions and immediately indicates to 
the customer the proper size machine to meet his 
requirements. 

Wellman-Seaver-Morgan Products Speak For 
Themselves 

Our experience during the past fifty years in the 
manufacture of mining machinery places us in posi¬ 
tion to properly solve the various engineering prob¬ 


lems and build the tyi)e of machine best suited to 
the various requirements. 

We have built electric hoists in sizes ranging 
from 3 to 1800 H. P. These hoists are faithfully 
performing their duty in the principal coal, iron, 
silver, gold and copper districts throughout the 
United States and foreign countries. 

Our installations are found throughout the 
principal mining districts of the world. 

We invite inquiries on both standard and special 
propositions and will be pleased to co-operate with 
the customer in every way possible. 



Double Conical Drum Hoist. Capacity 1,000 Tons Coal Per 
Hour. 600 H. P. D. C. Motor. 


THE W-S-M ROLLSRIGHT CAR TIPPLE 



Shop Views of Tipple Assembled for Test 


This is a sturdily designed machine consisting of simple sections, principally tee rails and angle 
bracinsT, which operates solely by gravity. No outside source of power is required. No skilled labor 
needed. Cost of operation is confined to the lubricant only. The principle of operation is extremely 
simple. The center of gravity in the tube is offset from the center of rotation. This overturns and 
dumps one or more cars by gravity. Fly wheels store energy and bring the tube back to original 
position, ready to receive more cars. It will handle any coarse or dry fine material. Installations ini 
successful operation for three years. Send for Bulletin No. 68. 
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ROTARY CAR DUMPERS. 


CAR-DUMPER & EQUIPMENT CO. 


CAR-DUMPER & EQUIPMENT CO. 

1216-1222 E. 75th St., (Grand Crossing), CHICAGO. ILL. 

Pittsburgh San Francisco Seattle Los Angeles Marquette. Mich. 

Equipment for Handling and Unloading Cars 


Products 

ROTARY CAR-DUMPERS FOR MINE CARS 
(Gravity, Electric or Pneumatic Drive). 

ROTARY CAR-DUMPERS FOR STANDARD 
GAUGE RAILROAD CARS. 

“SOLIDCAR” SELF-DUMPING CAGES. 
MECHANICAL SPRAGGERS. 

TRIP FEEDING AND CAR CAGING EQUIP¬ 
MENT. 


Applications of Rotary Car-Dumpers 

The many installations of Rotary Car-Dumpers 
and Car Handling Equipment have proved that they 
reduce the first cost and the operating cost, and in¬ 
crease the capacity, at Mines, Smelters, Quarries, 
etc. 



One-Man Shaft Station 

Automatic Trip Feeder and Rotary Car-Dumper 
Handles trips and dumps cars without uncoupling cars from 
trip. Locomotive can stay on trip if desired. 

One Man: Handles and dumps trips of cars. 

Samples ore. 

Signals hoist. 


A Rotary Car-Dumper enables the use of a solid- 
body car—no gates or tipping devices; just a simple 
solid body, mounted firmly on the truck. Such 
solid-body cars are inexpensive, and so sturdy that 
there is practically no expense for maintenance. 
When compared to saddle-back or dump cars the 
saving in first cost will more than pay for the 
Rotary Car-Dumper. Any t 3 T}e of car, however, 
can be handled in the Rotary Car-Dumper, and up¬ 
keep can usually be reduced by sealing up and rein¬ 
forcing any gates or tipping equipment as the cars 
are shopped. 
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Rotary Car-Dumpers save labor. Installations 
usually are so arranged that one man can dump the 
cars, without uncoupling the trip, while Car Hand¬ 
ling Equipment feeds the trip through the Rotary 
Car-Dumper and spots the cars in dumping posi¬ 
tion. Often the trip-rider or brakeman can unload 
the cars, one or more at a time, without even un¬ 
coupling the locomotive from the trip. 



One-Car Rotary Car-Dumper at Shaft Station 

Typical design for dumping directly to skips in two-com¬ 
partment shaft. Storage pockets and loading gates can be used 
if desired. Capacity, from 30 to 240 cars per hour. 


Rotary Car-Dumpers speed up the production. 
Some smaller sizes operate seven times per minute. 
One or more cars can be dumped at a time. Rotary 
Car-Dumpers of one, two and three car capacities 
are quite common, and some dump whole trips, 
overturning 20 to 30 cars at each operation. The 




TO ^RTI MG 100 FT. 27-4" ^ 27 - 4’’ _ TO PARTING 

GRADE - I o/o —^ grade -1 % - GRADE »V®— G1?ADE - I ®/< 

CAGE SKIPS 

i J 

■ 

'‘•9 m 






POCKET ^ POCKET 


EMPTIES - 


■—fccu—-I 




Rotary Car-Dumper Over Storage Pocket 

Usually made long enough to cover pocket, dumping one or 
more cars. Drawing show's six-car Rotary Car-Dumper de¬ 
signed to oi^erato without uncoupling cars. Onerated hv trip- 
rider or skip attendant. Cars spotted automatically in dumping 
position. Trips moved by locomotive, by mechanical feeder, 
or by gravity. 
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CAR-DUMPER & EQUIPMENT CO. 


ROTARY CAR DUMPERS. 


cars are completely overturned, dumping them 
thoroughly as well as rapidly. This releases the 
trips of empty cars quickly, without the usual de¬ 
lays inseparable from the use of saddle-back or 
dump cars. 

Underground Installations 

Rotary Car-Dumpers are used extensively at 
shaft stations for unloading cars to skips or to 
storage pockets. They are usually built to unload ' 
one or two cars at a time, and to operate from one 
to four times per minute. Frequently the Rotary 
Car-Dumper is made long enough to handle as many 
cars as can stand over the storage pocket. 

Nearly always one man can operate the Rotary 
Car-Dumper and also do the other work at the shaft 
station, such as loading the skips and sampling the 
ore. Often the locomotive remains coupled to the 
trip while the trip-rider dumps the cars without 
uncoupling them. Then they are ready for im¬ 
mediate return to the mine. 

1 his company publishes a very interesting bulle¬ 
tin, giving engineering data and drawings of a num¬ 
ber of typical shaft station installations. Sent 
on request. 


r 



Rotary Car-Dumper Unloadlngr Solid-Body Quarry Cars 

Cars are unloaded one or more at a time without uncoupling 
locomotive from trip. Brakeman operates Car-Dumper and re¬ 
turns with empty trip to shovel. Trip is unloaded in from one 
to two minutes. If desired, locomotive can leave trip, which 
then can be handled and dumped by one man. 

Surface Installations 

The Rotary Car-Dumper is especially desirable 
at mines or quarries where trips of cars are deliv¬ 
ered to a common dumping point by either locomo¬ 
tives or rope haulage. It can be mounted over the 
crusher, storage bin, loading chute, or other dis¬ 
posal. In general, the method of application is sim¬ 
ilar to that for underground use. It will handle 
any -type of car, for all track gauges. 

In open pits the solid-body car—a simple box 
mounted firmly on the truck—stands up well in 
steam shovel loading and similar rough handling, 
with practically no upkeep expense. It weighs one- 
third less, is twice as strong, and co^ts only half as 
much as the contractor type of dump car. The 
saving in cost of ten cars will more than pay for 
the Rotary Car-Dumper. 

A special bulletin giving engineering data and 
drawings of installations at quarries, crushing 
plants and stripping operations is available on 
request. 
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For Standard Gauge Railroad Cars 

Any industry which unloads more than ten or 
twelve railroad cars per day can do the work more 
cheaply and rapidly in a Rotary Car-Dumper. It 
will receive all types of open-top cars and unload 
them without the slightest injury — gondolas or 
hoppers of all capacities. 



Rotary Car-Dumper for Railroad Cars 

Installed over Track Hopper for rapid unloading of cars. 
Material removed from Hopper to Plant or Stock Pile by Con¬ 
veyor or Crane. 

One common laborer can handle cars and operate Rotary 
Car-Dumper. 


The Rotary Car-Dumper can be operated by a 
common laborer, and one man can handle and un¬ 
load 10 cars per hour. The capacity of the equip¬ 
ment is up to 30 cars per hour. 

The installation complete costs no more than a 
good locomotive crane, while its speed is much 
greater and its operation much less expensive. 

Power consumption, 2 kilowatt-hours per car 
unloaded. 


r 



A Typical Surface Installation 

One arrangement of Rotary Car-Dumper, showing unloading 
of standard gauge railroad car direct to crusher. Other ar¬ 
rangements to suit any local conditions. Cars of any types, 
on tracks of narrow or standard gauge. 


A special bulletin giving engineering data and 
drawings of installations at crushing plants, power 
houses, stock piles and mills is available on request. 
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HOIST CONTROLLER. 


DURO METAL PRODUCTS CO. 




DURO METAL PRODUCTS CO. 

360 East Grand Avenue, CHICAGO 

Manufacturers of 

The Lilly Hoist Controller and Other High Grade Machinery 


The Lilly Hoist ControUer ' hoist, weights or contactors are magnetically held, subject 

to instantaneous release by the controller or by current 
The Lilly Hoist Controller is a mechanical and electrical failure. 



safety device for controlling mine hoists, and keeping their 
speed and travel within predetermined limits. It is also a 
monitor to guide and warn the engineer, and assist him in 
the safe operation of the hoist, allowing him to operate as 
desired within the limits of safety, and only taking the 
control from him and performing the necessary operation 
for safety in case of failure or miscalculation on his part. 

The Lilly Controller is applicable to nearly all types and 
sizes of steam, air, and electric hoists, and may be installed 
on hoists in use, without delaying their operation. For new 
hoists it is desirable to have the hoist builder supply the 
Lilly Controller installed on the hoist. 


The Lilly Controller is not a competitor on a price basis, 
for devices that simply cut off the power and slam the 
brakes on, but is designed to fully meet the requirements 
of a complete high-grade device depending for safety on the 
only reliable agent—GRAVITY. For normal operation of 


Lilly Controller installed on 400 H. P. electric coal hoist. 
(Factory installation). 


It operates smoothly, 
and applies the brakes 
gently but firmly for all 
high speed points. Toward 
the end of travel, the brake ^ 

action is quickened until ' SKBOr 

at the extreme end it is 
instantaneous. This gives ■ 

the necessary quickness of 
action where it is required, 
yet protects against dan- 
gerous shock for operating 
at high speed. This is vi- 
tally important, especially 

trolling the operation of 
the various elements are 
entirely original, and are 
protected by U. S. and for- 

Where it is desired to , 

handle men at a reduced 

speed, a ‘‘Man-safety At- Lilly Controller with stand- 

tachment” can ha Riinnlipd equipment for small elec- 

taenment can oe suppiiea, ^oist, hand operated. 

which prevents the man 

speed being exceeded, forces a stop at the man-landing, 
and shows lights at the shaft to prove that the man-safety 
is operating, as a check on the engineer. 

The design, material, and construction of the Lilly Con¬ 
troller is the best that can be produced, and it should operate 
efficiently for the life of the hoist. 

We require detailed information regarding contemplated 
installations, and will gladly send data sheets calling for 
necessary data to enable us to recommend the proper equip¬ 
ment and to quote price. 

It is generally conceded that the Lilly Controller should 
be on all hoists handling men, and even where men are not 
handled, an overwind or runaway may result in loss of life 
among men whose duties make it necessary to work nearby. 

The Lilly Controller has been adopted as the standard 
safety device by the leading hoist builders of America, and 


Lilly Controller with stand¬ 
ard equipment for small elec¬ 
tric hoist, hand operated. 


DO NOT BE SATISFIED WITH AN OBSOLETE TYPE OF SAFETY EQUIPMENT. 
THERE IS A LILLY CONTROLLER FOR YOU. 
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DURO METAL PRODUCTS CO, 


HOIST CONTROLLER. 


iia 


the highest class of hoists is now equipped with it. It is 
also the standard for many of the largest and most pro¬ 
gressive mining companies. It has been installed on some 
of the world’s largest hoists and on some very small hoists, 
with entirely satisfactory results. 

The following hoist manufacturers use the Lilly Con¬ 
troller, and nearly all of them have standardized on it. 

Allis Chalmers Mfg. Company.Milwaukee, Wis. 

Denver Engineering: Works Co.. The.Denver, Colo. 

Diamond Machine Company.Monongahela, Pa. 

Hardie-Tynes Manufacturing Co.Birmingham, Ala. 

Lake Shore Engine Works.Marquette, Mich. 

Litchfield Foundry & Machine Co.Litchfield, Ill. 

National Iron Company.Duluth. Minn. 

Nordberg Manufacturing Company.Milwaukee, Wis. 

Ottumwa Iron Works.Ottumwa Iowa 

Thomas Elevator Company.Chicago, Ill. 

Wellman-Seaver-Morgan Co.Cleveland, Ohio 


Other hoist manufacturers recommend the Lilly Con¬ 
troller, and use it where specified. 

We solicit correspondence with all manufacturers of 
hoisting equipment, wherever located, and all engineers and 
others having to deal with hoists, should have their names 
on our mailing list, so that we can forward all information 
regarding new features or applications. 

Our broad experience with hoists of various kinds work¬ 
ing under a variety of conditions both on the surface and 
underground, together with our continual co-operation with 
the electrical companies, hoist manufacturers and engineers, 
and our contact with the Lilly Controller in the field, enables 
us to recommend the proper equipment to suit any condi¬ 
tions. We are glad to make recommendations, without any 
obligation whatever. 



Lilly Controller double installation on 1800 H. P. 
electric hoist. (Factory installation). 


To facilitate the equipping of hoists in the field, and to 
assist us in rendering first class service to our customers in 
distant fields, the following representatives have been ap¬ 
pointed. 

WMitam States 

The Denver Engineering Works Company, Denver, Colo. 

Antliracits District of Pennsylvania 

The Scranton Electrical Construction Company, 
Pottsville and Scranton, Pa. 

Bontli Africa 

Edward Bateman. Johannesburg, South Africa 

Accidents resulting from overwinds or runaways are ex¬ 
pensive, usually costing more than a Lilly Controller in¬ 
stallation, to say nothing of non-production while repairs 
are in progress, and when life is lost, the damage is irre¬ 
parable. Can you afford to take chances with no protec¬ 
tion, or even with obsolete equipment, when you can install 
Lilly. Controllers and get the very best that engineering skill 
has been able to devise. Think of it when you go down the 
shaft, when you come up, or when the other fellow goes, 
and write us without delay. 



Lilly Controllers are installed on this giant steam 
hoist, which stands 30 ft. high. The engineer was killed 
by a rope breaking, but a serious wreck was averted by 
the Lilly Controller stopping the hoist. 

The following is a partial list of mining companies who 
have purchased Lilly Controllers either direct or through 
hoist builders. 

Many of these companies have standardized on the Lilly 
Controller, and have a large number of them in use. 


Alabama Fuel & Iron Company.Birmingham, Ala. 

American Coal Mining Company.Bicknell, Ind. 

American Lime & Stone Company.Bellefonte, Pa. 

Anaconda Copper Mining Company.Butte. Mont. 

Annapolis Lead Company.Annapolis, Mo. 

Buck Hun Coal Company.Minersville, Pa. 

Burma Mines Corporation.Burma, India 

Calumet & Hecla Mining Company.Calumet, Mich. 

Calumet & Arizona Mining Company.Warren, Ariz. 

Cambria Steel Company.Johnstown. Pa. 

Carter Coal Company.Coalwood, W. Va. 

Castile Mining Company.Ramsey, Mich. 

Champion Copper Company.Painesdale, Mich. 

Chateaugay Ore & Iron Company.Lyon Mountain. N. Y. 

Chicago, Wilmington & Franklin Coal Co.Chicago, Ill. 

C'\rt U'.atn n i f <:>rQ Ho T .1 o 11 n criio T.lallacriia Hrklivia A 


a. uc .uu., xsuiivitL, o. a. 

Cincinnati Traction Company.Cincinnati, Ohio 

Cinco Minas Company.Magdalena. Jalisco, Mexico 

(Jleveland-Cliffs Iron Company.Ishpeming, Mich. 

Copper Range Company (Baltic Mine Branch)... Baltic, Mich. 

Cowanshannock Coal & Coke Company.Yatesboro, Pa. 

Davis-Daly Copper Company.Butte. Mont. 

Dering. J. K. Coal Company.Clinton. Ind. 

Ebensburg Coal Company.Colver, Pa. 

Ford Collieries Company.Curtlsville, Pa. 

Frick, H. C. Coke Company.Scottdale. Pa. 

Gallup American Coal Company.Gallup, New Mex. 

Gasscock Collieries Company.Morgantown, W. Va. 

Gillespie Coal (Company.Gillespie, Ind. 

Gilmore Coal Mining Company.Pittsburgh, Pa. 

Granby Consol. Mng., Smtg. & Power Co., Ltd... Phoenix, B. C. 

Harris Coal Company.Waukee, Iowa 

Harrisburg Coal Mining Company.Harrisburg, Ill. 

Helena-Straven Coal Company.Birmingham, Ala. 

Hillside Fluorspar Mining Company.Rosiclare, Ill. 

Hollinger Consolidated Gold Mng. Co.. Ltd. .Timmins, Ont., Can. 

Homestake Mining Company.Lead, S. D. 

Illinois Zinc Company.Peru, Ill. 

Juanita Coal & Coke Company.Pueblo, Colo. 

Judge Mining & Smelting Company.Park City, Utah 

Matthiessen & Hegeler Zinc Company..La Salle, Ill. 

McGeath Coal Company.Omaha, Neb. 

McKinney Steel Company.Crystal P'alls, Mich. 

Mitsui Mining Company.Tokyo, Japan 

Mohawk Mining Company.Mohawk. Mich. 

Monarch Fuel Company.Hollingsworth, Ky. 

National Mining Company.Scottdale, Pa. 

Ontario Silver Mining Company.Park City, Utah 

Picands, Mather & Company.Duluth, Minn. 

Quincy Mining Company.Hancock, Mich. 

Republic Iron & Steel Company.Duluth, Minn. 

Sangamon (Z^ounty Mining Company.Springfield, Ill. 

Sayre Coal Mining Company, The.Des Moines, Iowa 

Shuler, Hugh.Des Moines, Iowa 

St. Bernard Coal Company.Earlington, Ky. 

Susquehanna Collieries (!!ompany.Williamstown, Pa. 

Trimountain Mining Company.Trimountain, Mich. 

Tennessee Coal. Iron & Railroad Company... Birmingham, Ala. 

IJ. S. Smelting. Refining & Mining Co..Salt Lake City, Utah 

Utah Apex Mining Company.Bingham Canyon. Utah 

Utah Consolidated Mining Company.... Bingham Canyon, Utah 

West I’enn Power Company.Pittsburgh, Pa. 

West Springs, Limited.Johannesburg, South Africa 

Wharton Steel Company.Wharton. N. J. 

Wilber Coal Mining Company.Hooverville, Pa. 

Witherbee-Sherman & Company.Mineville. N. Y. 

Woodward Iron Company.Woodward, Ala. 

Wolverine Mining Company.Kearsarge, Mich. 


BE PROGRESSIVE, FOLLOW THE BEST AUTHORITIES, AND STANDARDIZE ON 

THE LILLY CONTROLLER. 
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SHEAVES. 


ROBERT HOLMES & BROS^ INC. 


ROBERT HOLMES & BROS., Inc. 

DANVILLE, ILL. 

Builders of Equipment for Coal and Metal Mining 


Products 

Sheave Wheels—Plain Turned Groove and Steel 
Lined Groove; “Danville” Hoisting Engines; 
Skips, Cages, and Screen Equipment. 

Special machinery made to your drawings at 
reasonable prices. 



Plain Turned Groove Sheave Wheel and Boxes 


Hqlmes Sheave Wheels, as shown by the accom¬ 
panying cuts, are designed and built to give the 
utmost in durability and finish. They contain only 
the best of materials, melted to the correct per 
cent., insuring a perfect wheel in every respect. 

Our wheels are made in two types, the plain 
turned groove and the steel lined groove as stand¬ 


ards, but they can also be furnished with wood 
liners if so wanted. We suggest the steel lined 
wheel because the liners, being of a special hard¬ 
ened steel, will last much longer, and when worn 
can be replaced by a new set. The liners are madel 
in sections and are interchangeable, this being a 
welcome feature. The rims of our wheels, as well 


Sheave Wheel With Renewable Liner 

as the hubs, are made strong enough to withstand 
most any task to which they might be put. Spokes 
are of wrought steel and so cast in the metal as to 
make them absolutely solid. 

We will be pleased to mail you a detailed print 
on request showing you the wonderful construction 
of this SUPER sheave. Wheels of either type can 
be had in sizes from four to fourteen feet in diam¬ 
eter and grooved to fit any size cable. A trial will 
convince you. 




OUR CATALOG WILL BE SENT ON REQUEST 
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LAKE SHORE ENGINE WORKS. 


CAGES AND SKIPS. 


LAKE SHORE ENGINE WORKS 

MARQUETTE. MICHIGAN 


Designers and Manufacturers of 

Skips^ Cages, Buckets and Sheaves 


Products 

Mine Cages and Skips; Skip Safety Devices; Dump Plates for Skips; Water Bailers; Water Buckets; 
Rope Sheaves; Mine Cars; Rotary Car Dumpers; Mine Car Wheels, Plain and RoUer Bearing; Mine Car 
Trucks. For other products, see Pages 363, 402 and 403. 


Our experience in this line covers thirty years, and as it is im¬ 
possible to show here a standard cage or skip, as the shaft compart¬ 
ments vary in size and general arrangement, we will illustrate some 
of the designs we have supplied, especially those on which there have 
been continued repeat orders. 

Our General Cage and Skip Catalog shows a more complete line 
of special types and designs. 


Skip With Safety 
Attachment 


Digitized by 
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Mine Cages and Skips 


Combined Skip and 
Caere 


Rope Sheaves 


Ihe illustration herewith shows a variety of 
Rope Sheaves, which can be furnished in Bicycle 
type, with iron groove or with wood lining, in sizes 
to suit your needs. 

These sheaves are made with wrought iron arms 
in order to obviate any internal strain that the “all 
cast iron” sheaves, when made in one piece or 
in halves, are subject to. Our design also makes 
a lighter sheave, which is al- 
" ^ ways an advantage in an idler. 

\ They are made with solid iron 
‘ ” * rim and with wood filling. In 

^ \ i tl'e latter design, the rim is 

n turned accurately for the 
9 If hardwood maple block. 

Pap B r We have standard sizes, all 
of which are listed in our Gen- 
eral Car, Skip and Sheave 
Catalog. 


Mine Cages 
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WIRE ROPE. 


AMERICAN STEEL & WIRE CO. 


AMERICAN STEEL & WIRE CO. 


Sales Offices: 

CHICAGO.208 So. La Salle Street 

NEW YORK.30 Church Street 

WORCESTER.94 Grove Street 

BOSTON.185 Franklin Street 

PHILADELPHIA.Widener Building 

PITTSBURGH.Frick Building 

BUFFALO.337 Washington Street 

DETROIT.Foot of First Street 

CINCINNATI.Union Trust Building 

•Export Representative: U. S. Steel Products Co., Now York 
Pacific Coast Representative: U. S. Steel Products Company 
San Francisco Los Angeles Portland Seattle 


CLEVELAND.Western Reserve Building 

BALTIMORE.32 So. Charles Street 

WILKES-BARRE, PA.Miners Bank Building 

ST. LOUIS. .Liberty Central Trust Company Bldg. 

KANSAS CITY.417 Grand Avenue 

ST. PAUL-MINNEAPOLIS, Pioneer Bldg., SL Paul 
OKLAHOMA CITY... 1st National Bank Building 

BIRMINGHAM. ALA.Brown-Marx Building 

DENVER.let National Bank Building 

SALT LAKE CITY.Walker Bank Building 


AMERICAN WIRE ROPE 


Products 

Wires and Cables in the following materials: 
Iron; Crucible Cast Steel; Extra Strong Crucible 
Cast Steel; Plow Steel; Monitor Steel. 

Wire Rope Fittings and Accessories, including 
Thimbles, Clips, Clamps, Sockets, Hooks, Shackles, 
Tumbuckles, Blocks, Sheaves, see page 421; Aerial 
Tramways, see pages 508 to 511; Electrical Wires 
and Cables, see pages 266 to 269; Rail Bonds, see 
page 335. 

Uses of Wire Rope 

The use of Wire Rope for mechanical purposes 
has largely increased in recent years, so that it has 
almost completely superceded the older methods 
employing manila rope and steel or iron chain. 

Strength, flexibility, elasticity, rigidity and, in 
fact, any desirable property may be obtained by an 
intelligent selection among the many grades and 
constructions shown on this and the succeeding 
pages. 

Qualities of Wire Rope 

IRON ROPE—In the early days of mining. Iron 
was used exclusively in the manufacture of wire 
rope, succeeding the hemp ropes. In turn. Iron 
Rope has given way to steel, because of the stronger 
and tougher qualities of the latter material. The 
physical characteristics of Iron Rope are softness, 
ductility and low tensile strength, the latter being 
approximately 85,000 pounds per square inch in the 
drawn wire entering into ropes. Iron Rope is most 
generally used for elevator hoisting, where the 
strength is sufficient. 

CRUCIBLE CAST STEEL ROPE—This brand 
of steel derives its name from the early method of 
making carbon steel which could be hardened. It 
was formerly made in crucibles, small enough to 
be operated by hand and containing from 50 to 100 
pounds of steel each. The same grade of steel for 
rope is now made by the open hearth furnace, 
which not only yields a much larger quantity of 
material, but, moreover, produces a steel which is 
of more uniform composition. The area is only 
about one-half that of iron of the same strength, 
while the steel is harder and resists external wear 
to a greater degree. 

Crucible Cast Steel Rope is applicable to such 
uses as mine hoists, derricks, dredges, cableways, 
incline planes and many others. When turned into 
wire and properly treated, the crucible open hearth 
steel will have a tensile strength of from 180,000 
to 200,000 pounds per square inch of sectional area. 


EXTRA STRONG CRUCIBLE CAST STEEL 
rope:—^T his, as it name implies, is a singer 
grade of crucible open hearth steel of somewhat 
tougher chemical composition and strength, which 
runs from 200,000 to 220,000 pounds per square 
inch of sectional area. It is somewhat lighter for 
the same strength than crucible steel. Its general 
uses are similar to those of crucible steel, except 
that it may be used for somewhat heavier loads. 

PLOW STEEL ROPE—The name of Plow Steel 
as applied to rope means a high-grade open hearth 
steel of a tensile strength in the wire of 220,000 to 
240,000 pounds per square inch of sectional area. 
Plow Steel combines lightness with great strength 
and is nearly three times as strong as crucible steel, 
but somewhat stiffer. 

Plow Steel Rope is used largely for heavy mine 
hoisting, derricks, inclined planes, dredges, cable- 
ways and similar uses. It is a most economical rope 
to use where the weight of the rope is to be con¬ 
sidered, or where the capacity of the machinery has 
to be increased without a corresponding increase in 
sheaves and drums. 

MONITOR STEEL ROPE—This rope is made 
of a very carefully selected grade of open hearth 
steel wire having a tensile strength of from 240,000 
to 280,000 pounds per square inch of sectional area. 
This is the highest strength rope made. It is some¬ 
what stiffer in the same diameter than plow and 
crucible steel grades, but strength for strength, it 
is equally flexible. 

The ropes illustrated in this section are the 
ones most frequently used. Special grades and con¬ 
structions can be furnished on application. 

Standard Hoisting Rope 

This term is applied to hoisting rope composed 
of 6 strands of 19 wires each laid around a hemp 
core. It is used for elevators, mine hoists, derricks, 
dredges, cableways, inclined planes, conveyors, 
ballast unloaders, drilling cable and tube lines. 
Standard Hoisting Rope is made in all grades of 
material as described in the foregoing paragraphs 
on construction. 


Standard Hoisting Rope 
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Transmission, Haulage or 
Standing Rope 

Made in 6 strands, 7 wires 
to the strand, with 1 hemp 
core. Principally used for 
mine haulage, on inclined 
planes and tramways. With¬ 
stands wear well. 



Transmission, Haulagre or Standing 
Rope 

Made in 5 ^des, as shoMui 
in accompanying table. 


DATA TABLE—TRANSMISSION, HAULAGE OR HOISTING ROPE 




Iron 

Crucible 

Cast Steel 

Crucible Cast Steel 
Extra Strong 

Plow Steel 

Monitor 

S'cd 

^ JB 

E C 

S £ 

^<2 

§■3 

Proper Working 
Load in Tons of 
2000 Pounds 

II 

Proper Working 
Load in Tons of 
2000 Pounds 

List Price 
per Foot 

Proper Working 
Uad in Tons of 
2000 Pounds 

List Price 
per Foot 

Proper Working 
Load in Tons of 
2000 Pounds 

List Price 
per Foot 

Proper Working 
Load in Tons of 
2000 Pounds 

List Price 
per Foot 


3.55 

6.4 

$0.51 

12.6 

$0.60 

14 

6 

$0.75 

16.4 

$0.90 

18 

$1.05 

IH 

3 

5.6 

.43 

10.6 

.51 

12 

6 

.64 

14.4 

.76 

16 

.88 

1*4 

2.45 

4.6 

.36 

9.2 

.43 

10 

8 

.53 

12 

.62 

13 

.72 

1% 

2 

3.8 

.30 

7.4 

.36 

8 

.6 

.44 

9.4 

.51 

10 

.58 

1 

1 

1.58 

3 

.24 

6.2 

.29 

7 


.35 

7.6 

.41 

8.4 

.48 

% 

1.20 

2.4 

.18% 

4.8 

.22% 

5 

.6 

.27 

6.2 

.32 

,6.6 

.37 

.89 

1.7 

.14 

3.7 

.17 

4 

.2 

.20 

4.6 

.24% 

5 

.28% 

11 

.75 

1.5 

.12 

3.1 

.14% 

3 

.3 

.17 

3.6 

.21 

4 

.24% 


.62 

1.2 

.10 

2.6 

.12 

2 

9 

.14% 

3.2 

.17% 

3.5 

.20% 

A 

.50 

.96 

.08% 

2 

.10 

2 

.2 

.12 

2.4 

.14% 

2.6 

.17 


.39 

.74 

.06% 

1.5 

.08 

1 

8 

.09% 

2 

.11% 

2.2 

.13% 

.30 

.52 

.05% 

1.1 

.06% 

1 

.25 

.07% 

1.4 

.09 

1.5 

.11% 

% 

.22 

.44 

.04% 

.92 

• .05% 

1 

05 

.06 

1.2 

.06% 

1.3 

.08% 

A 

.15 

.34 

.03% 

.70 

.04% 


.79 

.05% 

.88 

.06 1 

.... 


A 

.12Vi 

.24 

.03% 

.50 

.04 


.59 

.05 

.68 

.05% 




Extra Flexible Hoisting Rope 

This term is applied to rope composed 
of 8 strands of 19 wires each laid 
around a hemp core. The addition of the 
two strands over the Standard Hoisting 
Rope construction increases the flexibility 



Extra Flexible Hoisting Rope 


and permits of the rope being used over 
comparatively smaller sheaves and 
drums. It is adapted for derricks, steam 
dredges, ore handling machinery, pile 
drivers, tubing lines and drilling cables. 
It is made in all grades of material men¬ 
tioned. 


Special Flexible Hoisting Rope 

This construction is composed of 6 
strands of 87 wires each laid around a 
hemp core. It is very flexible and used 



Special Flexible Hoisting Rope 


on cranes and similar machinery where 
flexibility is a requisite rather than 
strength. It is a very efficient rope, be¬ 
cause a little over 50% of its strength 
lies in the inner layers of the strands, 
protected from abrasion. 


DATA, VARIOUS CONSTRUCTIONS AND GRADES 
OF WIRE HOISTING ROPE 



Iron 

Crucible 

Cast Steel 1 

1 

Extra Strong 
Crudble 

Cast Steel 

Flow Steel 

Monitor 

Steel 

1_ 

1 

! 

1 

3 

s 

a 

d 

IL 

S'* 

£a 

Proper working load In 
tons of 2000 lbs. 

i! 

>55 

II 

List price per ft 

Proper working load in 
tons of 2000 lbs. 

11 

sl 

List price per ft 

a 1 

iJ 

gfi 

so 

Co 

S o 
► e» 

H 

1 

List price per ft 

Proper working load In 
tons of 2000 Ib a. 

ti 

t 

2 

Proper working load in 
tons of 2000 1b s. 

1 

2 


HOISTING HOPE—6 STRANDS. 19 WIRES TO STRAND, 1 HEMP CORE 


2% 

11 95 

22.2 

17 

$1.70 

42.2 

11 

$2.10 

48.6 

$2.55 

55 

$3.00 

63 

$3.45 

2% 

9.85 

18.4 

16 

1.40 

34 

10 

1.76 

40 

2.10 

46 

8.50 

63 

2.80 

2% 

8 

14.4 

14 

1.17 

26.6 

9 

1.44 

32 

1.70 

37 

2.00 

42 

2.50 

2 

6.80 

11 

12 

.95 

21.2 

8 

1.16 

24.6 

1.84 

28 

1.68 

88 

1.86 

1% 

5.55 

10 

12 

.88 

19 

8 

1.02 

22.4 

1.25 

25 

1.46 

30 

1.75 

1% 

4.85 

8.8 

11 

.80 

17 

T 

.90 

19.8 

1.10 

22 

1.80 

27 

1.60 

1% 

4.15 

7.6 

10 

.66 

14.4 

6.5 

.77 

16.6 

.94 

19 

1.08 

22 

1.80 

1% 

3.56 

6.6 

9 

.57 

12.8 

6 

.66 

14.6 

.80 

16 

.93 

20 

1.10 

1% 

3 

5.6 

8.5 

.49 

11.2 

5.5 

.56 

12.8 

.68 

14 

.79 

17 

.90 

1% 

2.45 

4.56 

7.6 

.40 

9.4 

5 

.46 

10.6 

.56 

12 

.65 

14 

.75 

1% 

2 

8.72 

7 

.83 

7.6 

4.5 

.88 

8.6 

.46 

9.4 

.54 

11 

.63 

1 

1.68 

2.90 

6 

.26 

6 

4 

.31 

6.80 

.37 

7.8 

.48 

9 

.60 

% 

1.20 

2.36 

5.5 

.20 

4.6 

3.6 

.24 

5.20 

.29 

6.8 

.84 

7 

.89 

% 

.89 

1.70 

4.5 

.16 

8.6 

3 

.19 

4.04 

.22 

4.6 

.26 

5.8 

.81 

% 

.62 

1.20 

4 

.12 

2.5 

2.6 

.14 

2.80 

.16% 

8.1 

.19 

3.8 

.32% 

9/16 

.60 

.94 

8.5 

.10 

2 

2.25 

.12 

2.24 

.14 

2.4 

.16 

2.9 

.19 

% 

.39 

.78 

8 

.08% 

1.68 

2 

.11 

1.84 

.12% 

2 

.14 

2.4 

.17 

7/18 

.30 

.58 

2.76 

.07% 

1.30 

1.76 

.10 

1.45 

.11% 

1.6 

.18 

1.9 

.15% 

% 

.22 

.48 

2.25 

.07 

.96 

1.60 

.09% 

1.06 

.11 

1.15 

.12% 

1.36 

.14% 

5/16 

.16 

.80 

3 

.06% 

.62 

1.26 

.09% 

.70 

.10% 

.76 

.12% 

.9 

.18% 

% 

.10 

.22| 1.60 

.06% 

.44 

1.00 

.09 

.49 

.10% 

.53 

.12 

.63 

.18 


EXTRA FLEXIBLE HOISTING ROPE—8 STRANDS, 

19 WIRES TO STRAND, 1 HEMP CORE 

1% 

3.19 




11.6 

3.75 

$0.73 

13 

$0.88 

14.8 

$1.08 

16 

$1.11 

1% 

2.70 




10.2 

3.5 

.62 

11 

.76 

12.8 

.87 

18 

.98 

1% 

2.20 




8.4 

8.2 

.51 

9.4 

.62 

10.4 

.72 

11 

.82 

1% 

1.80 




6.8 

2.83 

.42 

7.6 

.51 

8.6 

.60 

9.8 

.68 

1 

1.42 




5.2 

2.5 

.34 

5.9 

.41 

6.6 

.48 

7.2 

.55 

% 

1.08 




4 

2.16 

.27 

4.6 

.32 

5.2 

.38 

5.6 

.48 

% 

.80 




3.06 

1.83 

.21 

3.5 

.25 

4 

.29 

4.4 

.84 

% 

.56 




2.18 

1.75 

.16 

2.6 

.18% 

2.8 

.21 

8 

36 

•9/16 

.45 




1.74 

1.6 

.14 

2 

.16 

2.32 

.18 

2.4 

.22 

% 

.35 




1.46 

1.33 

.12 

1.6 

.14 

1.74 

.16 

1.9 

.19 

7/16 

.27 




1.14 

1.16 

.11 

1.26 

.13 

1.38 

.16 



% 

.20 




.84 

1 

.10% 

.93 

.12% 

1.02 

.14 



5/16 

.13 




.55 

.83 

.10% 

.61 

.12 

.67 

.13% 



% 

.09 




.36 

.75 

.10 

.40 

.11% 

.45 

.13% 



SPECIAL FLEXIBLE HOISTING ROPE—6 STRANDS. ! 

37 WIRES TO 

STRAND, 1 HEMP CORE 

2% 

11.95 




40 


$2.30 

47 

$2.80 

53 

$3.30 

55 

$3.75 

2% 

9.85 




32 


1.92 

37 

2.35 

43 

2.75 

45 

3.16 

2% 

8 




25 


1.60 

30 

1.90 

35 

2.20 

37 

2.50 

2 

6.30 




21 


1.35 

23 

1.55 

26 

1.80 

27 

2.10 

1% 

5.55 




18.8 


1.20 

21.2 

1.41% 

23.8 

1.65 

25 

1.98% 

1% 

4.85 




17 


1.05 

19 

1.28 

22 

1.60 

23 

1.76 

1% 

4.15 




14 


.89 

16 

1.07 

18 

1.25 

19 

1.46 

1% 

3.55 




12 

3.75 

.79 

14 

.95 

16 

1.10 

17 

1.26 

1% 

3 




11 

3.5 

.66 

12 

.78 

14 

.91 

14 

1.05 

1% 

2.45 




9 

3.2 

.55 

10 

.65 

11 

.76 

11 

.86 

m 

2 




7 

2.83 

.46 

8 

.55 

9 

.64 

9.2 

.75 

1 

1.58 




6 

2.5 

.37 

6.4 

.44 

7 

.51 

7.4 

.59 

% 

1.20 




5 

2.16 

.28 

5 

.84 

5 

.40 

5.8 

.46 

% 

.89 




3.5 

1.83 

.23 

3.8 

.27 

4 

.31 

4.6 

.36 

% 

.62 




8.2 

1.76 

.18 

2.5 

.21 

3 

.24 

3.2 

.27 

9/16 

.50 




1.9 

1.6 

.16 

2.1 

.17% 

2.3 

.20 

2.5 

.23 

Mr 

.39 




1.45 

1.33 

.13 

1.65 

.15 

1.85 

.17 

1.9 

.20 

7/16 

.30 




1.1 

1.16 

.12% 

1.27 

.14 

1.4 

.16 

1.5 

.18% 

% 

.22 




.84 

1 

.12 

.93 

.13 

1 

.15 

1.06 

.17% 


Diameter of drum adrlaed for extra strong cru'ible cast steel, plow steel and monitor steel rope 
is same as for crucible cast steel. 
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AMERICAN STEEL & WIRE CO. 


Extra Special Flexible Hoisting Rope 

Composed of 6 strands of 61 wires each with 
one hemp core. It is recommended for dredging 


l. \ l \. lOXTRA Sl-RCIAl. FLEXIBLE HOISTtNO ROPE 
6 Strands, 61 Wires to Each, 1 Hemp Core 



Extra Special Flexible Hoisting Rope 

purposes, for which it is usually made with a spe¬ 
cial steel center. Furnished in Crucible Cast Steel; 
Extra Strong Crucible Cast Steel; Plow Steel and 
Monitor Steel. 


Crucible 
Cast Steel 


16.60 11 
14.20 10 
11.9b 9 

9.85 8 

8.00 7 

6.30 6 


Extra 
Strong 
Crucible 
Cast Steel 


Plow Steel j 


Monitor 

Steel 



Non-Spinning Hoisting Rope 

This rope contains 18 strands of 7 
wires each laid around a hemp core. 
It is stronger than the Crucible Cast 


DATA, NON-SPINNING HOISTING ROPE 
18 Strands, 7 Wires Each, 1 Hemp Core 


CBUCIBLE 
CAST STEEL 


EXTRA STRONG 
CRU CTBLE 
CAST STEEL 


MONITOB 

STEEL 


Hr* • • • •• 


li*- ^ •:***j? 





34.4 |tl.«0 



Non-Spinning Hoisting Rope ^ 

- ] 

1 

Steel and will carry somewhat heav- 4 
ier loads, and is especially adapted for ,/!e .s? 
single line derricks, mine shaft sink- 

ing, etc. It will not overwind on the % las . __. . _ _ . __ . . _ . _ 

drum. 

Made in five grades: Iron; Crucible Cast Steel; Extra Strong Crucible Cast Steel; Plow Steel; Monitor 
Steel. 

Steel Clad Hoisting Rope 

Composed of 6 strands of 19 wires each, the strands having been given an external serving of 
flat strip steel, wound spirally around each strand. When the outer flat steel winding is worn through 
in service, a complete hoisting rope remains with unimpaired strength, the strip having served to 
protect the inner wires up to this point. When roughly worn, the strip naturally crowds down between 
the strands of the rope, thus providing additional wearing sui^ace. 


Rope of this construction may be used for un¬ 
usually severe conditions, such as on dredges, steam 
shovels, drag line excavators and the like. 


Made in four grades: Crucible Cast Steel; Ex¬ 
tra Strong Crucible Cast Steel; Plow Steel; Monitor 
Steel. 




OATA, STEEL-CLAD HOISTING ROPB 
6 Strands, 19 Wires to Strand 



EXTRA STRONG 


1 

CRUCIBLE 

CRUCIBLE 

PLOW STEEL 

CAST STEEL 

CAST STEEL 



! 


cf 


d 

1 ^ 
ll-l 1 

fi: 

& 

t 

fh 

1 

t 

Prop< 

load 

200( 

List 

ProfM 

load 

200( 

3 

111 



MONITOB 

STEEL 


Steel Clad Hoisting Rope 

Note Exterior ServlniT of Flat Steel 


2% 

8.45 

8 

21.2 

11.56 

24.6 

11.74 

28 

n.98 

S3 

•> 

6.70 

7.6 

19.2 

1.29 

22.4 

1.52 

25 

1.71 

SO 

1% 

6.02 

7 

17.0 

1.16 

19.8 

1.S6 

22 

1.56 

27 

1% 

5.25 

6.6 

14.4 

1.01 

16.6 

1.18 

19 

1.S2 

22 

1% 

4.62 

6 

12.8 

.89 

14.6 

1.02 

16 

1.16 

SO 


8.95 

5.6 

11.2 

.78 

12.8 

.90 

14 

1.01 

17 

1 % 

3.30 

5 

9.4 

.67 

10.6 

.77 

12 

.86 

14 

1 ^4 

2.80 

4.5 

7.6 

.67 

8.6 

.65 

9.4 

.73 

11 

ihi 

2.12 

4 

6.0 

.49 

6.8 

.55 

7.6 

.61 

9 

1 

1.72 

3.5 

4.6 

.41 

5.2 

.46 

5.8 

.61 

7 

Ti 

1.30 

3 

3.5 

.36 

4.04 

.39 

4.6 

.42 

5.S 

\ 

1.00 

2.5 

2.6 

.80 

2.80 

.32 

2.1 

.85 

2.8 

% 

.70 

2 

1.68 

.26 

1.84 

.27 

2.0 

.29 

2.4 
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WIRE ROPE 


419 


steel Clad Special Flexible Hoisting Rope 

Made of 6 strands of 37 wires each and pro¬ 
tected by steel strips wound spirally around the 



Steel Clad Special Flexible HoistlniT Rope 


strands in the same manner as in Steel Clad Hoist¬ 
ing Rope, but having greater flexibility. Made in 
the same grades as Steel Clad Hoisting Rope. 



Steel Clad Extra Special Flexible Hoisting Rope 
Made of 6 strands of 61 wires each in the 
same manner as the two ropes mentioned pre- 


Steel Clad Extra Special Flexible Hoisting Rope 

viously, but possessing greater flexibility than 
either. Made in four grades, the same as those 
two previously described. 


DATA, STEEL CLAD, EXTRA SPECIAL FLEXIBLE HOIST¬ 
ING ROPE 


6 Strands. 61 Wires to Strand. 1 Hemp Core 




1 q 

1 


EXTRA STRONG 


1 






CRUCIBLB 

CRUCIBLE 

PLOW STEEL 

MONITOS 



§ 

CAST STEEL 

CAST STEEIi 



STEEL 


A ! 

1 










a 

! 8 


d 


d 


d 



i 

a 

i 

s 

a 

& 

1 

1 

1 

>5| 

il 

Proper worUng 
load In toot of 
2000 Iba 

i 

1 

Proper warUag 
load In torn of 
2000 Iba 

i 

8 

i 

£ 

% 

8 o 

1 

1 

Proper working 
load In toot of 
200(1 Iba 

Ult prlee per 

i 

16.80 

10~ 

48 


65 


62 

l6Jd 

65 

35.70 

3 

14.35 

9 

40 1 

1 3.23 

47 

3.78 

53 

4.33 

55 

4.82 

2% 

12.05 

8 

32 1 

2.71 

87 

8.18 

43 

3.62 

45 

4.06 

2% 

9.90 

7 

25 1 

1 2.26 

30 

2.69 

35 

2.92 

37 

3.25 

2v4 

8.45 

6 

21 1 

1 1.88 

23 

2.10 

26 

2.38 

27 

2.71 




Flattened Strand Hoisting or Transmission Rope 

These ropes compare in flexibility with the Standard Hoisting Rope, but expose about 160% greater 
wearing surface than the round strand ropes of the same diameter, and have been used generally in 
the same places. 



Type A Type B 

Made in four grades: Iron; Crucible Cast Steel; Extra Strong Crucible Cast Steel; Monitor Steel. 


FLATTENED STRAND HOISTING ROPES 

Type A—5 Strands. 2« Wires Each. 1 Hemp Core_Type B—6 Strands. 25 Wires Each. 1 Hemp Core 




I r 

0 n 



Crucible Cast Steel 


E.\tra Strong 
Crucible Cast Steel* 


Monitor Steel 



Type A 


Type A 

Type B 

Types A & B 

Type A 

Type B 

Types 
A & B 

Type A 

Type 

B 

Types 

A & B 

Dlam. In. ins. 

Proper working 
load in tons of 

2000 lbs. 

Weight per ft. 
in lbs. 

Diam. of drum 
or sheave in ft. 
advised 

Ijist price per ft. 

Proper working 
load in tons of 

2000 lbs. 

Proper working 
load in tons of 

2000 lbs. 

u 

V 

«.» 

.c cri 

Diam. of drum 
or sheave in ft. 
advised 

Idst price per ft. 

Proper working 
load in tons of 

2000 lb.s. 

Proper working 
load In tons of 

2000 lbs. 

List price per ft. 

Proper working 
load in tons of 

2000 lbs. 

Proper w’orking 
load in tons of 

2000 lbs. 

Diam. of drum 
or sheave in ft. 
advised 

IJst price per ft 

2^ 

14.4 

8.00 

11% 

31.52 

26.6 

29.2 

13.4 

9.20 

8% 

31.82 

32 

35.2 

32.20 

42 

46.2 

12 

32.85 

2 

11 

6.30 

10% 

1.20 

21.2 

7.25 

8 

1.44 

24.6 

27 

1.77 

33.2 

36.2 

11 

2.25 

1% 

8.8 

4.85 

9 

1.04 

17.0 

18.8 

5.60 

7% 

1.21 

19.8 

21.8 

1.55 

26.6 

29.2 

9 

2.08 

1% 

7.6 

4.15 

7% 

.82 

14.4 

15.8 

4.75 

6% 

.96 

16.6 

18.2 

1.30 

22 

24.2 

8% 

1.56 


6.6 

3.55 


.74 

12.8 

14.0 

4.00 

5% 

.86 

14.6 

16 

1.05 

19.6 

21.6 

8 

1.37 

1% 

6.6 

3.00 

6% 

.625 

11.2 

12.4 

3.45 

5% 

.73 

12.8 

14.0 

.90 

16.8 

18.4 

7% 

1.12 

1 % 

4.56 

2.45 

5% 

.62 

9.4 

10.4 

2.80 

5 

595 

10.6 

11.6 

.70 

13.8 

15.2 

7 

.89 

1% 

3.72 

2.00 

5% 

.43 

7.6 

8.4 

2.30 

4% 

.50 

8.6 

9.4 

.69 

11.2 

12.4 

6 

.71 

1 

2.90 

1.58 

4% 

.34 

6.0 

6.6 

1.80 

4 

.395 

6.8 

7.4 

.48 

9 

10.0 

5 

SO 


2.36 

1.20 

4 

.26 

4.6 

5.0 

1.38 

3% 

.30 

6.2 

5.8 

.38 

7 

7.8 

4% 

.i9 

S 

1.70 

.89 

3% 

.21 

3.5 

3.86 

1.00 

3 

.24 

4.04 

4.44 

.30 

5.26 

5.8 

4 

.375 

% 

1.20 

.62 

3 

.155 

2.5 

2.76 

.72 

2% 

.18% 

2.80 

3.08 

.225 

3.8 

4.2 

3% 

.28 

9/16 

.94 

.50 

2% 

.13 

2 

2.2 

.58 

1% 

.165 

2.24 

2.46 

.195 

2 9 

3.2 

3 

.25 

.78 

.48 

.39 

.22 

2 

1 

.105 

.095 

1.68 

1.86 

.45 

1% 

.145 

1.84 

2.02 

.175 

2.42 

2.7 

2% 

.20% 


Weights for Types A and B respectively are the same for all constructions. 
•Diameters of drums are the same as for Crucible Cast Steel, 
standard plow steel grade is also furnished if desired. 
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AMERICAN STEEL & WIRE CO. 


Tiller Rope or Hand Rope 

Is. used principally for signal pull purposes in 
mines and factories and in connection with the 
operating and controlling of signalling devices on 
elevators. It is composed of 6 strands of 42 wires 
each, each strand being a little wire rope in itself. 
This rope has seven hemp cores, one large one in 
the center of the rope, and one little one in each of 


Tiller Rope 

the six strands. It is an exceptionally flexible rope 
and is capable of being bent around very small 
sheaves. However, it will withstand very little 
abrasion on account of the fine wires of which it is 
composed. 


TILLER ROPE 

6 Strands of 42 Wires Elach—252 Wires in All—7 Hemp Cores 


Diameter 
in Inches 

— 

Approx. 
Weight 
per Foot In 
Pounds 

Dlam. of 
Drum or 
Sheave in 
Inches 
Advised 

List Price Per Foot 

Iron 

Crucible 
Cast Steel 

1 

1.10 

24 

$0.33 

$0.43 

% 

.84 

21 

.27 

.36 

% 

.62 

18 

.22 

.30 

% 

.48 

16 

.17 

.24 

A 

.35 

13Vi 

.14 

.20 

Vi 

.28 

12 

.llVi 

.17 

if 

.21 

lOVi 

.10 

.15 

% 

.16 

9 

.09 

.14 

fk 

.11 

7Vi 

.08 

.12Vi 

% 

.07 

6 

.07 Vi 

.11 

A 

.042 


.07 

.10 


Flat Rope 

Used principally for hoisting purposes, particu¬ 
larly for hoisting heavy loads out of deep shafts. 
The rope is composed of a number of wire ropes 
called “flat rope strands,” of alternate right and 
left lay, then secured or sewed together with soft 
iron or steel wire, thus forming a complete rope 



Flat Rope 

as shown in the illustration. It is usually made of 
crucible steel, although iron or plow steel can be 
used if necessary. When the sewing wires are 
worn through, the flat rope can be re-sewed with 
new wire and if any of the rope strands are also 
worn or damaged, these can be replaced with new 
portions. In fact. Flat Rope admits of being re¬ 
paired by the replacing of any worn or injured 
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part. Strands of any kind, size or quality can be 
furnished. 

Flat Rope can be furnished from 1% to 8 inches 
in width, and from to % inches in thickness, 
the length -varying from 20 to 3,000 feet. 


l l.AT IJOI'E 

Crucible SieeJ—I'luw Steel 



Galvanized Rope 

Galvanized Rope is made in many grades and 
constructions to meet varying conditions of service. 
It is used where exposure to the weather, constant 
or periodical moisture, etc., are among the condi¬ 
tions that tend to corrode a rope not protected in 
this way. 

Galvanized Rope is not adapted to general out¬ 
door hoisting work, as the zinc on the wires will 
not stand such service. 

Galvanized Rope is especially adapted to “stand¬ 
ing” service, wherein no bending is encountered, 
such as guys for derricks and smokestacks. 

Made in the following grades: 

Iron—Six strands, 7 wires each, 1 hemp core. 

Iron—Six strands, 12 wires each, 1 hemp core. 

Iron—Six strands, 12 wires each, 7 hemp cores. 

Crucible Cast Steel—Six strands, 7 wires each, 
1 hemp core. 

Crucible Cast Steel—Six strands, 19 wires each, 
1 hemp core. 

Crucible Cast Steel—Six strands, 12 wires each, 
7 hemp cores. 

Crucible Cast Steel—Six strands, 24 wires each, 
7 hemp cores. 

Plow Steel—Six strands, 12 wires each, 7 hemp 
cores. 

Galvanized Arc Light Rope—^Nine strands, 4 or 
7 wires each, 1 hemp core. 



Galvanized Standing Rope 


Data as to sizes, weights and prices furnished 
on application. 
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AMERICAN STEEL & WIRE CO. 


WIRE ROPE FITTINGS. ^21 


Wire Rope Fittings and Accessories 

The successful use of wire rope frequently de¬ 
pends on the selection of fittings or end-fastenings. 
Therefore, we endeavor to carry a large stock of 
fittings in various warehouses, together with skilled 
labor for attaching them. Some of these fittings 
are clamped to the wire rope; some are fastened 
with molten metal; others are spliced on. 

Fittings may be purchased either loose or 
attached. If attached, great care should be exer¬ 
cised in submitting specifications, lest error be 
made in the length of rope overall. 

Inm Guy Shackles 

These shackles are used as neck ropes, the ends 
of which are clipped with thimbles, sockets, tum- 
buckles, etc. Indispensable for general mine use. 


Galvanized Oval Thimbles 

Our oval thimbles are heavily coated with zinc 
and made in various sizes. 



Large Size 


Small Size 


A. S. & W. Wire Rope Clips 

These are not recommended for permanent 
fastenings on hoist rope, but are universally used 
on ropes supporting screens, loading booms, etc. 



A. S. & W. Wire Rope Clips 



TABZkB ON 8KACUES 


Sixes In Inches Gof. Test 
of Shackle Max. Strength 

(DUm. of In Pounds 
Iron In Bow) 


Appraxinute 
Weight of 
Each in 
Pounds 


Iron Guy Shackle 

Open and Closed Sockets 

For use with either steel or iron rope. As 
we attach them, they are the strongest rope 
fastenings made. All standard type sockets are 
drop forged weldless and stronger than any rope 
that may be inserted in them. 


74,900 

4 ■ 


1 u 

5.00 

90,200 

4H 

1% 

1 S 

6.80 

92,040 

5 

2 

1 

9.40 

94,100 

5% 

2H 

xu 

12.20 

103,800 

6 

2% 

Its 

16.40 

155,642 


2S 

la? 

19.00 

172,400 

7 



24.00 

235,620 

8 

3^ 

2yk 

38.20 


vans ov onv sooi 


SiM 

Socket and 
Diameter 
of Rope 
in Inches 


Clreum- 
ferenee of 
Rope in 
Inches 


Diam. of 
Pin that 
may be 
inserted in 
Socket Loop 
in Inches 


Length of 
Basket 
in Inches 


Approximate 
Weight 
in Pounds 
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HAZARD MFG. COMPANY. 


HAZARD MFG. COMPANY 

WILKES-BARRE, PA 

NEW YORK PITTSBURGH CHICAGO DENVER BIRMINGHAM 

633 Canal Street 1st Nat'l Bank Buildinsr 662 W. Adams Street 1415 Wazee St. 1701 First Ave. 


HAZARD 

Iron and Steel Wire Rope 

HAZARD 

WIRES 

“MADE FOR USERS WHO WANT THE BEST” 

WIRES 


Products 

Wire Rope, made of Iron, Cast Steel, Extra 
Strong Steel, or Plow Steel; Galvanized Strand; 
Hand Forged Wire Rope Fittings. 


Material and Workmanship 

HAZARD Wire Ropes, Galvanized Strand and 
Fittings have stood the test of time. Made in 
the heart of the Anthracite District of Pennsyl¬ 
vania, they have for three-quarters of a century 
kept faith with those consumers who demand the 
best, and who put quality and service above price. 
They are made by skilled workmen on modem ma¬ 
chines, and of the best materials obtainable. 
HAZARD Products represent the last word in Wire 
Rope construction for every purpose. 

Maximum output and safety demand the use of 
only the highest grade Ropes. Since 1848 every 
effort of the HAZARD MANUFACTURING COM¬ 
PANY has been exerted to maintain the reputation 
of the Ropes that make this maximum possible. 



Hazard Hoisting Rope. 6 Strands. 19 Wires Each 


HAZARD Cast Steel Wire Rope 

Made from the best quality of cast steel obtain¬ 
able for Wire Rope use. It is unexcelled because 
the material and workmanship entering into its 
construction are the best. The HAZARD MANU¬ 
FACTURING COMPANY has never allowed com¬ 
petition to force down the quality of its product. 


HAZARD Plough Steel Wire Rope 

Made from the highest quality Plough Steel that 
can be obtained, these Ropes have a breaking 
strength approximately 30 per cent greater than 
Cast Steel. The rods are tempered and converted 
into Wire in our own mills, and every requisite 
quality for hardness, toughness and ability to re¬ 
sist wear is built into HAZARD Plough Steel Wire 
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Ropes by skilled workmen under expert super¬ 
vision. They stand for absolute fidelity to the 
best standards of construction and material. 


HAZARD Extra Galvanized Special Strength 
Strand 

Made in three grades of strength and quality; 
Siemens-Martin Steel, High Strength and Extra 
High Strength, each grade representing the brat 
Galvanized Strand that can be made in its class. 



Hazard Haulage Rope. 6 Strands. 7 Wires Bach 


It is sold by special list with guaranteed weights 
and strains, and meets all requirements of the A. 
T. & T. Co., Western Union and Postal Telegraph 
Companies’ specifications for galvanizing. 


HAZARD Hand Forged Wire Rope Fittings 

Are made to meet the demand for Wire Rope 
Fittings which are absolutely reliable. 

These fittings are made of the finest quality of 
Triple Refihed Iron, in our own blacksmith shop. 
They are made extra heavy and of proper dimen¬ 
sions to develop the maximum breaking efficiency 
of the Wire Rope with which they are designed to 
be used. 


Service Men 

A HAZARD Service Man will gladly call and 
suggest possible improvements in operating con¬ 
ditions or a change in type of Rope for better 
efficiency and economy. 


Catalogue 

A catalogue and price list, giving full informa¬ 
tion as to breaking strains, safe working loads, etc., 
will be furnished on request. 

(See Page 270 on Hazard Wire and Cables.) 
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WIRE ROPE. ^23 


MACWHYTE COMPANY 



TRADE MARK RCGISTERCOl 


Biain Office and Works: 

KENOSHA, WIS. 


BRANCH OFFICES 

Chicago Portland Pittsburgh 

Seattle 


Manufacturers of 


Wire Rope of Every Description 


Sole Makers 

PATENT “KILINDO” NON-ROTATING WIRE ROPE 
MONARCH WHYTE STRAND WIRE ROPE 
MONARCH MINE CAR HITCHINGS 



TRAoe MARK ReeiaTERCB. 


Products 

Wire Rope, Sockets, Hooks, Thimbles, Clips, 
Tumbuckles, Sheaves, Blocks, Monarch Mine Car 
Hitchings, Manila Rope, Tramways. 

Monarch “Whyte” Strand Wire Rope. 

This is the highest grade rope manufactured. It 
is made from wire having a tensile strength of 126 
tons to the square inch. It is uniform and depend¬ 
able. The wire before entering the rope is subjected 
to stringent tests and unless our high standards 
have been complied with, the wire is rejected. In 
the manufacture of this rope great care is exercised. 
The lay of the wires in the strands as well as the 
strands themselves are perfectly proportioned so as 
to give each wire an equal portion of the working 
load. The core is number one hard laid Manila rope, 
which prevents the rope from pulling in and distort¬ 
ing its lays when subjected to severe strains. This 
rope is made in various constructions to suit work¬ 
ing conditions. It is an absolutely safe rope, incom¬ 
parable in wearing quality to any other cable on 
the market and is strong, durable and tough. 

Patent Kilindo Non-Rotating Wire Rope 

This rope is manufactured by us under a patent 
issued to George S. Whyte. KUindo Non-Rotating 
Rope is exactly what its name implies. It does not 
rotate or spin when hoisting a loose load. It is, 
therefore, especiaUy adapted for shaft sinking pur¬ 
poses, and it is also especially desirable to use this 
rope wherever a non-spinning rope is needed. 

The word “Kilindo” is a combination of Greek 
words meaning “almost round.” This brand of rope 
has a much larger wearing surface than the ordin¬ 
ary six strand rope.—^About 200%. 

We manufacture Kilindo in all grades such as 
“Monarch” steel. Plough steel. Mild Plough Cast 
steel and Swedes iron. 


MaeWhyte Plow Steel Wire Rope 

A rope of superior merit, built for mining 
service where conditions are .difficult. Made in vari¬ 
ous constructions to suit conditions. 

This illustration shows our Standard Hoisting 
Wire Rope, which is composed of six strands of 
nineteen wires each, laid around 
a hemp center, making a total 
of 114 wires. It is the most 
common rope used for hoisting 
purposes and where sheaves 
are built to accommodate it, it 
is the most practical rope to 
use. 

This illustration shows the construction of a wire 
rope usually termed haulage, 
transmission or standing wire 
rope. It is composed of six 
strands of seven wires each, laid 
around a hemp center, mak¬ 
ing a total of 42 wires. It is con¬ 
structed in various grades of iron 
and steel,which grades are suited _ 

to different working conditions. These ropes should 
never be operated over smaU drums or sheaves, the 
wires being too coarse. 




Seale Patent Wire Rope 

This is a rope composed of six strands of nine¬ 
teen wires each laid around a hemp core. Each 
strand is composed of nine large 
outer wires, nine small inner 
wires and one large center wire, 
as shown in the adjoining cut. By 
this method of construction a 
rope is produced which is almost 
as flexible as a standard nineteen- 
wire rope, in which all the wires 
in each strand are the same size, 
but of greater durability in any service where the 
rope is exposed to unusual abrasion. 




Monarch Mine Car Hitchings 

SIMPLE—Hitchings proper consists of male 
and female parts, links and shackles. No screws 
nuts, springs or washers to become loose or lost. 

PERMANENT—Forming a part of the car 
always present and ready. Not affected by water 
or weather. 

ADAPTABLE}—Can be used on any haulage 
system—electric, rope, mule, steam—and on any 
grade. 

SPEEDY—Only two working parts to attach. 
Easy to couple and uncouple increases output of 
mine. 

SAFE!—Once coupled, they remain coupled 
until operator knowingly and willingly uncouples 

them. 
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A. LESCHEN & SONS ROPE CO. 


A. LESCHEN & SONS ROPE CO. 

ST. LOUIS. U. S. A. 

Branoh StOMsi 

NEW TOBK OKXOAOO DENVEB SAV FBAVCZSCO 

MANUFACTURERS OF 

High Grade Wire Rope for All Purposes—Aerial Wire Rope Tramways 


Products 

Wire Rope for all purposes, of both special and 
standard grades and constructions, including the 
famous HERCULES (Red Strand) Wire Rope, 
Wire Ropes of both Round and Patent Flattened 
Strand construction, Locked Wire Ropes and 
Locked Coil Cables; Wire Rope Blocks, Clips, 
Thimbles, Sockets and Hooks, Wire Rope Lubri¬ 
cants ; Aerial Wire Rope Tramways. 

Design and Workmanship 

Every process in the manufacture of Leschen 
Wire Roi» is according to our own exclusive meth¬ 
ods, and is accompanied by exacting tests and rigid 
inspections. Each rope is made to conform to the 
design that we have found from experience to be 
best for the particular work the rope is to perform. 

Kinds of Material 

Leschen Wire Ropes for mining are furnished 
in the following ^ades: HERCULES (Red Strand) 
Wire Rope, Special Steel, Plow Steel and Cast Steel. 

“HERCULES” Wire Rope 
(Reg. U. S. Pat. Off.) 

This is a rope of the very highest quality. It is the cor¬ 
rect combination of strength, elasticity, toughness and 
flexibility for maximum service. It is the best that can be 
bought at any price, and because of its durability it is the 
most economical rope for heavy work that can be obtained. 
It is recommended for mine hoisting and hauling, steam 
shovels, mining machines, etc. HERCULES Wire Rope 
always has one red strand for identification purposes. It is 
made in Round and Patent Flattened Strand constructions. 

“SPECIAL STEEL” 

(Regr. U. S. Pat. Off.) 

A grade of rope of but moderate cost, but possessing high 
efficiency in a wide variety of operating conditions. Its 
flexibility is equal to lower strength ropes (an uncommon 
property), consequently it is well suited for work over small 
drums and sheaves. Its advantages in point of strength, 
toughness, durability, and general trustworthiness, are 
exceptional. 

Cast Steel 

Cast Steel Wire Rope is standard for ordinary work, 
being of moderately high tensile strength and quite flexible. 
It works to good advantage over small sheaves and drums. 
Its use is general where there are no excessive stresses or 
unusual conditions encountered. 

Plow Steel 

The tensile strength developed in Plow Steel Wire Rope 
is high, and this rope is successfully used where heavy work 
is performed under conditions where sufficiently large drums 
and sheaves are practicable. 

Constructions 

Leschen Wire Rope is made in Patent Flattened 
Strand, Round Strand and Locked CJoil construc¬ 
tions. 

The Patent Flattened Strand types of wire rope 
provide additional wearing surface and greater 
strength. They are especially recommended for 
mine hoisting, hauling, steam shovels, and for use 
on Aerial Wire Rope Tramways. 

Locked Coil Cable is an ideal rope for track 
cable on Aerial Wire Rope Tramways. Its smooth 
surface minimizes friction and reduces wear. 


Mine Hoisting Wire Ropes 
Fig. 1 

Patent Flattened 
Strand 
(6x25) 



Fig. 1 


Fig. 2 

Round Strand 
(6x19) 



Fig. 2 



‘■KSBOTOBS” (BBS BTBABS) WIBB BOBB 
6 Strands of 19 Wires Eaoli (Fig. 2) 
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9. 
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1.10 
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6 Strands of 19 Wires Each (Fig. 2) 
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34. 
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OAST STEEE WZBE BOFE 
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< 

6 Strands of 19 Wires Each (Fig. 2) 
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6 Strands of 19 Wires Each (Fig. 2) 


% 1 

.26 

23. 

4.6 

.89 

8. 

% 

.34 

29. 

5.8 

1.80 

8.6 

1 
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38. 

7.6 
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.54 
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8. 
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6. 

w 1% 
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If your work requires a rope of a sise not akown kereln, 
write us for data. We make hoisting ropes in eU used sises. 
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A. LESCHEN & SONS ROPE CO. 


WIRE ROPE. ^25 


Wire Rope for Mine Haulage, Guys, Etc. 

Fig. 3 

Patent Flattened 
Strand 
6x8 



Fig. 4 

Round Strand 
6x7 



Fig. S 


Fir 4 


"KBBOUUS” (BBS STBABB) WIBB BOPB 
6 Btraads of 8 WItm Each (Fiff. 3) 


Diam. in 
Inches 

List Price 
per Foot 

Approx. Strength 
in Tons of 

2000 Lbs. 

Proper Working 
Load in Tons of . 
2000 Lbs. 

Approximate 
Weight per 
F^ot 

Diam. in Ft, of 
Drum or Sheave 
Advised 


.16% 
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2.38 

.45 

3.75 

K 

.25 

19. 

3.8 

.72 

4.50 


.35 

27. 

5.4 

1.00 

5.25 

ik 
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36. 
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1 
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46. 
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1.80 
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- 
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"BPBCZAZi 8TBEE** WZU aOP2 
6 Btraada of 8 WItm Eaeli (riff. 3) 



.14 

9.6 
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C 

.18 
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3.50 

S 

.27 

22.7 

4.54 

1.00 
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.35 

30. 
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1.38 

5. 

1 

.45 

38. 
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1.80 

5.75 

_liL_ 

.54 

46. 

9.2 

2.30 
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OABT BTBBE WXU BOFB 
6 Btraada of 8 WItm Eaeli (rip. 8) 


% 

.10 

8.3 

1.66 

.45 

2.50 

.14 

14. 

2.8 

.72 

3.50 

% 

.20% 

20. 

4. 

1.00 

4.50 

% 1 

.27% 

26. 
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1.38 

5. 

1 

.35 

34. 

6.8 

1.80 

5.75 

_ 

1 .45 

40. 

8. 1 

2.30 1 

6.25 


"HBBOUUB” (BSD BTBJLBB) WXBB BOPB 
6 Btraada of 7 Wlroa EaoH (Pip. 4) 


% 

.13% 

11. 

2.2 

.39 

3.50 

9/16 

.17 

13. 

2.6 

.50 

4.0 

% 

.20% 

17.50 

3.5 

.62 

4.50 

11/16 

% 

.24% 

20. 

4. 

.76 

4.75 

.28% 

25. 

5. 

.89 

5. 

% 

.37 

33. 

6.6 

1.20 

6. 

1 

.48 

42. 

8.4 

1.58 

7. 

_ 

.58 

52. 

10. 

2. 

8. 


**BPBCXAB BTBEB” WZBB BOPB 
6 Btraada of 7 Wlraa Baoh (Pip. 4) 



.09% 

8.85 

1.8 

.39 

3.50 

.12 

11. 

2.2 

.50 

4. 

% 

.14% 

14.5 

2.9 

.62 

4.50 

11/16 

s 

.17 

16.7 

3.3 

.76 

4.76 

.20 

21. 

4.2 

.89 

5. 

% 

.27 

28. 

5.6 

1.20 

6. 

1 

.35 

35. 

7. 

1.58 

7. 


.44 

43. 

8.6 

2. 

8. 


CABT BTBBB WZBB BOPB 
6 Btraada of 7 Wlrea Baoh (Pip. 4) 


% 

.08 

7.7 

1.5 

.39 

3.50 

.10 

10. 

2. 

.50 

4. 

.12 

13. 

2.6 

.62 

4.50 

1V16 

% 

.14% 

15.4 

3.1 

.75 

4.75 

.17 

18.6 

3.7 

.89 

6. 

% 

.22% 

24. 

4.8 

1.20 

6. 

1 

.29 

31 . 

6.2 

1.58 

7. 

■ 

.36 

37. 

7.4 

2. 

8. 


FBOW BTEBB WZBB BOPB 
6 Btraada of 7 WirM Baoh (Pip. 4) 



.11% 

10. 

2. 

.39 

3.50 

.14% 

12. 

2.4 

.50 

4. 

‘t 

.17% 

16. 

3.2 

.62 

4.50 

.21 

18. 

3.6 

.75 

4.76 

.24% 

23. 

4.6 

.89 

6. 

% 

.32 

31. 

6.2 

1.20 

6. 

1 

.41 

38. 

7.6 

1.58 

7. 


.51 

47. 

9.4 

2. 

8. 


Zf jronr work ro^miroa a ropo of a aiio aot ahowa horoia, 
watt# aa for data. Wo mako haalapo ropoa ia all aaod aiioa. 


Leschen Aerial Wire Rope Tramways 

The economical transportation of coal, ore and 
waste from mines by means of 
Leschen Aerial Wire Rope Tram¬ 
ways is not a matter of conjecture 
or theory, but a fact established 
by the actual operation of numer¬ 
ous installations. 

They operate successfully over 
any kind of country. They cross 
hills and rivers without expensive 
grading or bridge work. They 
are not affected by weather condi¬ 
tions. 


They are economical to operate both as to power 
and labor; oftentimes they can be run by gravity. 

We manufacture Aerial Tramways in various 
systems, and are therefore able to furnish that type 
of Tramway best suited to any existing condition. 

Our Engineering Department will be glad to 
advise with you as to the practicability of an Aerial 
Tramway for your particular work and to submit 
you an estimate, if you will furnish us information 
as suggested below: 

(1) Give length of tramway in straight line. If horizontal 

. curves cannot be avoided, give angle of each curve. 

(2) Give difference in elevation between terminal points. 

and state which terminal is at the higher elevation. 

If possible, send rough sketch showing profile of 

ground. 

(3) State number and capacities of bins desired at each 

terminal. 

(4) State material to be handled. 

(5) Give weight per cubic foot of material in the form it 

will be carried over the tramway. 

(6) State how many tons (2000 lbs.) you wish to transport 

per hour. 

(7) A profile made from an accurate survey is required in 

addition to above data, if a final and definite price 

is wanted. 

The details, quality, workmanship, design and 
manufacture of all Leschen Tramways are the out¬ 
come of many years of practical experience in this 
class of work. 

Wire Ropes for Aerial Wire Rope Tramways 


Track 

Cables 


Locked Coil Patent Flattened Strand Round Strand 






Patent 

Flattened Strand Round Strand 


We will be glad to supply any one interested 
with full data concerning the different tjrpes of 
Tramway Rope above illustrated, or make a rope 
recommendation for any particular conditions. 
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2^ WIRE ROPE. JOHN A. ROEBLING’S SONS COMPANY. 

JOHN A. ROEBLING’S SONS COMPANY 

Main Office: TRENTON. N- J- 

Works: TRENTON, N. J., and ROEBLING, N. J. 

NEW YORK—117-119-121 Liberty St, SAN FRANCISCO—624-46 Folsom St 

BOSTON—93-95 Pearl St PITTSBURGH—Sandusky and Robinson Sts., N. S. LOS ANGELES—216 S. Alameda St 

CHICAGO—165 West Lake St CLEVELAND—701 St Clair Ave., N. E. PORTLAND ORE.—487 Lovejoy St 

PHILADELPHIA—223 Arch St. ATLANTA—69 Walton St SEATTLE—900 First Ave., South 

Manufacturers of 

Wire Rope For Mining 

And All Other Purposes For Which Wire Rope Is Used 


Products 

Iron, Steel and Copper Wire Rope and Wire, 
Telephone Wire, Trolley Wire, Insulated Wires and 
Cables; manufacturers of a full line of wire rope 
fittings, such as Sockets, Clips, Clamps, Hooks, 
Sheaves, Thimbles, Tumbuckles, Slings, Alligator 
Wrenches, Track Rollers, etc. 

General 

The first wire rope used in this country was a 
Roebling rope. Since its production the manufac¬ 
ture of wire rope has never been interrupted, and 
as the demand has increased the facilities for pro¬ 
duction have expanded so that the Roebling Com¬ 
pany now has three works (two at Trenton, N, J., 
and one at Roebling, N. J.), and has also numerous 
branches in different parts of the country. 

Service 

Our Engineering Department specializes in the 
study of unusual wire rope conditions and will gladly 
make recommendations if full operating data is 
submitted. We also specialize in designing and 
constructing Suspension Bridges, Cableways, etc. 
Quality 

All steel for Roebling Wire Rope is manufac¬ 
tured at .our works. We therefore control all pro¬ 
cesses of manufacture from ore to finished prod¬ 
ucts. Uniformity of product is therefore assured. 

Several grades of steel are necessary to meet 
wire rope requirements, but for Mining purposes 
the four grades described below are used. 

Bide Center Steel Rope 

Recent advances in the manufacture of steel 
have made possible the production of a grade par¬ 
ticularly well adapted for roi)e wire, and excelling 
all others in strength and toughness. 

Where conditions are such that the maximum of 
strength for a given diameter of rope must be ob¬ 
tained, or severe tendencies exist, blue center steel 
should be specified. 

Blue center steel rope is not only well adapted 
for ropes of unusual size, but it will give the maxi¬ 
mum service in the ordinary diameters. The hemp 
center of Blue Center Steel Rope is colored blue to 
distinguish it from other grades. 

Plow Steel 

Up to the time of the production of blue center 
steel, the strongest and toughest rope was made of 
plow steel. Rope made of plow steel is used largely 
for mine hoists and haulages, and on coal hoists, 
cableways and conveyors. 

Extra Strong Cast Steel 

Extra Strong Cast Steel Rope occupies an inter¬ 
mediate place between cast steel and plow steel. It 
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can be used to advantage in place of cast steel under 
conditions suitable for the latter, when it is desired 
to increase the safety of a rope of given diameter. 

Cast Steel 

While cast steel does not have the strength per 
square inch of the other steels referred to above 
and lacks the resistance to abrasion of plow or blue 
center steel, conditions often exist where for a given 
diameter of rope the stress is not beyond the work¬ 
ing strength of cast steel, and its wearing qualities 
are amply sufficient. 

In contemplating the selection of a wire rope, 
if doubt exists as to the grade, we shaB be glad to 
make suggestions on being advised of conditions. 

STANDARD CONSTRUCTION 
6x19 Hoisting Rope 

This construction is used for general Hoisting 
purposes and is particularly adapted to Shaft Hoist 
requirements. When severe abrasion is governing 
factor, increased service is secured by m^ing rope 
Lang Lay. This construction is also used for slopes 
and inclines where sheave and drum diameter wiD 
not allow the use of 6x7 construction. 

8x19 Hoisting Rope 

This construction gives greater flexibility than 
the 6x19 and therefore can be used with sheaves 
and drums of small diameter, providing loads are 
proportionately less; strength of rope being about 
three-quarters that of 6x19 construction. 

It is used extensively on Coal unloading towers, 
also Coal and Ore Bridges. 

6x37 Hoisting Rope 

When sheaves are small and high operating ten¬ 
sion is necessary, this construction should be used 
in preference to 8x19. 

6x7 Construction 

Used extensively on slopes and inclines equipped 
with large sheaves and drums. On instaUations 
where abrasion is governing factor, rope should be 
made Lang Lay. 

Modifications of above constructions are some¬ 
times necessary to give maximum rope service. Our 
Engineering Department will advise you fully as to 
rope requirements upon receipt of full operating 
conditions. 

If interested, we will gladly send you any of the 
following publications: 

Wire Rope Catalogue 
The Splicing of Wire Rope 
Wire Rope Sockets 
Wire Rope Clips 
How to Order Wire Rope 
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JOHN A. ROEBLING’S SONS COMPANY. 


WIRE ROPE. 
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COMPARATIVE BREAKING STRENGTHS OF WIRE ROPE PER GIVEN DIAMETER 

IN TONS OF 2000 LBS. 

Roebling Standard Hoisting: Rope (6x19) 

I APPROXIMATE STRENGTH Approximate 


Diameter 

In 

Inches 

Cast Steel 

Extra Strong 
Cast Steel 

Plow Steel 

Blue Center 
Steel 

Weight 

Per Ft. 
in Lbs. 

2% 

211. 

243. 

276. 

315. 

11.95 

2H 

170. 

200. 

229. 

263. 

• 9.85 


138. 

160. 

186. 

210. 

8. 

2 

106. 

123. 

140. 

166. 

e.so 


96. 

112. 

127. 

150. 

5.55 

1 ^ 

86. 

99. 

112. 

183. 

4.85 

1 ^ 

72. 

83. 

94. 

110. 

4.15 

1 

64. 

73. 

82. 

98. 

3.56 

1 1? 

56. 

64. 

72. 

84. 

3. 

1 2 


53. 

58. 

69. 

2.45 

I % 

38.* 

43. 

47. 

56. 

2. 

1 

30. 

84. 

38. 

45. 

1.58 

% 

23. 

26. 

29. 

85. 

1.2 

% 

17.6 

20.2 

23. 

26.3 

.89 

% 

12.6 

14. 

15.5 

19. 

.62 


10. 

11.2 

12.3 

14.5 

.50 


8.4 

9.2 

10. 

12.1 

.39 


6.5 

7.26 

8. 

9.4 

.30 


1 4.8 

5.30 

5.76 

6.75 

.22 

A 1 

1 8.1 

3.50 

3.8 

4.50 

.15 


! 2.2 

2.43 

2.65 

3.15 

.10 

Roebling Extra Pliable Hoisting Rope (8x19) 


Diameter 

In 

Inches 


APPROXIMATE STRENGTH 


Cast Steel 


Extra Strong 
Cast Steel 


Plow Steel 


Blue Center 
Steel 


Ap^ozimate 
weight 
Per Ft, 
in Lbs. 



58. 

66. 

74. 

80. 

3.19 

1 2 

61. 

57. 

64. 

68. 

2.70 

1 % 

42. 

47. 

52. 

56. 

2.20 

1 ^ 

34. 

38. 

43. 

46. 

1.80 

1 

26. 

29.7 

33. 

36. 

1.42 


20. 

23. 

26. 

28. 

1.08 

% 

15.3 

17.6 

20. 

22. 

.80 

% 

10.9 

12.4 

14. 

15. 

.56 

a 

8.7 

10.1 

11.6 

12. 

.45 


7.3 

8. 

8.7 

9.5 

.35 

A ■ 

6.7 

6.3 

6.9 


.27 


4.2 

4.66 

5.12 

• • • • 

.20 

A 

2.75 

3.05 

3.35 

• • • • 

.18 

g_ 

1.8 

2.02 

2.25 

.... 

.09 



Roebling 6x19 Blue Center 
Steel Rope 



Roebling 8x19* Blue Center 
Steel Rope 


Roebling Extra Pliable Hoisting Rope (6x37) 


APPROXIMATE STRENGTH 


Diameter 

in 

Inches 


Cast Steel 


Extra Strong 
Cast Steel 


Plow Steel 


Blue Center 
Steel 


233. 

265. 

278 

187. 

214. 

225 

150. 

176. 

184 

117. 

130. 

137 

95. 

108. 

113 

79. 

90. 

95 

71. 

80. 

84 

61. 

68. 

71 

50. 

55. 

58 

39. 

44. 

46 

32. 

35. 

37. 

25. 

27. 

29. 

19. 

21. 

23. 

12.6 

14. 

16. 

10.5 

11.6 

12 

8.25 

9.25 

9 

6.35 

7.2 

7 

4.65 

6.1 

5 


Approximate 
Weight 
Per Ft. 
in Lbs. 




m 


jpvc 

w 


Roebling 6x37 Blue Center 
Steel Rope 


Diameter 

in 

Inches 


Roebling Standard Coarse Laid Rope (6x7) 


APPROXIMATE STRENGTH 


Approximate 

Weight 


Cast Steel 

Extra Strong 
Cast Steel 

Plow Steel 

Blue Center 
Steel 

Per Ft, 
in Lbs. 

•3. 

78. 

82. 

90. 

3.55 

53. 

63. 

72. 

79. 

3. 

46. 

54. 

60. 

67. 

2.45 

87. 

43. 

47. 

52. 

2. 

31. 

35. 

38. 

42. 

1.58 

24. 

28. 

31. 

88. 

1.20 

18.6 

21. 

23. 

25. 

.89 

16.4 

16.7 

18. 

20. 

.75 

13. 

14.5 

16. 

17.6 

.62 

10. 

11. 

12. 

13. 

.50 

7.7 

8.85 

10. 

11. 

.39 

5.5 

6.25 

7. 

7.76 

.30 

4.6 

5.25 

6.9 

6.5 

.22 

3.5 

3.95 

4.4 


.15 

2.5 

2.95 

3.4 


.125 



Roebling 6x7 Blue Center 
Steel Rope 
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^28 WIRE ROPE. 


WILLIAMSPORT WIRE ROPE CO. 


WILLIAMSPORT WIRE ROPE CO. 

WILLIAMSPORT, PENNA. 

Wire Rope and Cables 



Williamsport inaugurates an innovation in Wire Rope construction, by their patented Telfax Tape 
Marker, which absolutely distinguishes each grade of wire rope, thus enabling the consumer to 
determine instantly the grade of wire rope they get without resorting to expensive engineering or 
laboratory tests. It is a protection all will welcome. 

This marker appears in all grades of Williamsport wire rope manufactured since November 1, 1921. 



The above Telfax Tape appears in the core of all Williamsport Improved Plow Steel Wire Rope. 



The above Telfax Tape appears (in GREEN) in the core of all Williamsport Plow Steel Wire Rope. 



Patented U.8. A. and CANADA 

WILLIAMSPORT 

Foreign Patents Pending 



Extra Strono Crucible Cast Steel 

■■■MinMILD PLOWHMHMW 



The above Telfax Tape appears (in YELLOW) in the core of all Williamsport Extra Strong CC Steel 

Wire Rope. 



Patented U.8. A. and CANADA 

WILLIAMSPORT 

Foreign Patents Pending 



CRUCIBLE CAST STEEL 



The above Telfax Tape appears (in RED) in the core of all Williamsport Crucible Cast Steel Wire Rope. 



Patented U.8. A. and CANADA 

WILLIAMSPORT 

Foreign Patents Pending 



MILD STEEL ELEVATOR 



The above Telfax Tape appears (in BROWN) in the core of all Williamsport Mild Steel Elevator Rope. 


Patented U.S. A. and CANADA 

WILLIAMSPORT 

Foreign Patents Pending 

The above Telfax Tape appears (in BLACK) in the core of all Williamsport Iron Wire Rope. 

SEND FOR THE ABOVE CHART IN FULL COLORS _ 
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WILLIAMSPORT WIRE ROPE CO. 


WIRE ROPE. ^29 


Products 

Wire Rope of all kinds and constructions for all 
purposes; Clamps; Tumbuckles; Clips; Sheaves; 
Hooks and Sockets; a complete line of Hoisting, 
Haulage and Transmission Wire Ropes. 

Design—Woriunanship—Quality 

Built in a model wire rope plant with the very 
latest, special machinery. Each operation sub¬ 
jected to most rigid tests, from the rods to the 
ropes. 

We draw all our wire and have testing appa¬ 
ratus for the smallest diahieters and others that 
can test to rupture ropes of any diameter. 


Grades—Construction 

You will find the grades of Williamsport wire 
rope featured upon the opposite page, introducing 
at the same time the patented Telfax marking 
device which, since November 1, 1921, has been 
built into the entire length of the core of every 
rope made by us. 

There are innumerable constructions of wire 
ropes, perhaps more with Williamsport than 
others, because we make so much rope “to order," 
as specified, through the co-operation of our service 
and engineering departments. 

Our general catalog will give those interested 
some very desirable data on Modem Wire Rope as 
noade by Williamsport. 


THE FOLLOWING ARE MOST FREQUENTLY USED IN MINING OPERATIONS 


Standard Flexible Hoisting Rope 

Composed of 6 strands of 19 wires each around 
a hemp center. 



Standard HoistlniT Rope 


Made of Crucible Cast Steel, Extra Strong 
Crucible Cast Steel, Plow Steel and Improved Plow 
Steel wire. All of the wire which enters into our 
hoisting rope is drawn in our modem wire mill from 
especially selected rods having chemical and physi¬ 
cal qualities best suited for the requirements of 
each individual case. 


CRUCIBLE CAST STEEL 
(See Our General C^talogr for Other Liists) 


List price 
per foot 

Diameter 

In Inches 

Approximate 
weight 
per foot 

Approximate 
strength in 
tons of 2000 
pounds 

Proper work¬ 
ing load in 
tons of 2000 
pounds 

° c’% 

U so 

r > 

10.90 


4 

4.85 

85 

17 

7 

.77 



4.15 

72 

14.4 

6.5 

.00 

1] 

L 

3.55 

64 

12.8 

6 

.00 

li 

z 

3 

56 

11.2 

5.5 

.40 


r 

2.45 

47 

9.4 

5 

.00 



2 

38 

7.6 

4.5 

.01 

1 


1.58 

30 

6 

4 

.04 

1 

4 

1.20 

23 

4.6 

3.5 

.19 

i 

r 

.89 

17.5 

3.5 

3 

.14 

i 


.62 

12.5 

2.5 

2.5 

.10 

9/1 

s 

.50 

10 

2 

2.25 

.11 

1 

4 

.39 . 

8.4 

1.68 

2 

.10 

7/1 

6 


6.5 

1.30 

1.75 

.09% 


4 

.22 

4.8 

.96 

1.50 

. oo 2 

6/i 

6 

.15 

3.1 

.62 

1.25 

.09 

_ 

.10 

2.2 

.44 

1 


Thm followlBiT applUs to ropes Ulustrated here ^ 

(Standard Lay) (CRUCIBLE CAST STEEL (Lang Lay) 
(See Our General Catalog for Other Lists) 


U 

Diameter 

In inches 

Approximate 
weight 
per foot 

Approximate 
strength in 
tons of 2000 
pounds 

Proper work¬ 
ing load in 
tons of 2000 
pounds 

Diameter of 
drum or 
sheave in 
ft. advised 


lu 

3.55 

63 

12.6 

11 

.61 


3 

53 

10.6 

10 

.46 


2.45 

46 

9.2 

9 

.66 

1% 

2 

37 

7.4 

8 

.66 

1 

1.58 

31 

6.2 

7 

. 66 % 

% 

1.20 

24 

4.8 

6 

if 

S 

.89 

18.6 

3.7 

5 


11/16 

% 

.75 

15.4 

3.1 

4% 

.16 

.62 

13 

2.6 

4% 

. 1 # 

9/16 

.50 

10 

2 

4 

! S 6 % 

T/H 

.39 

.30 

7.7 

5.5 

1.5 

1.1 


. 66 % 

% 

.22 

4.6 

.92 

2% 

. 64 % 

6/16 

.15 

3.5 1 

.70 


.04 

9/82 

.125 

2.5 1 

.50 1 

i2 


Seale Lay Rope 

Composed of 6 strands of 19 wires each and a 
hemp center. This rope is recommended for hoist¬ 
ing and haulage purposes where large dmms or 
sheaves are used. 



Seale Lay Rope 

PLOW STEEL SEALE LAY HOISTING ROPE 
(See Our General Catalog for Other Lists) 


List price 
per root 

Diameter 
in inches 

Approximate 
weight 
per foot 

Approximate 
strength In 
tons of 2000 
pounds 

Proper work¬ 
ing load in 
tons of 2000 
pounds 

Diameter of 
drum or 
sheave in 
ft. advised 

61.30 

1 ^ 

4.85 

112 

22 

7 

1.08 

1 % 

4.15 

94 

19 

6.5 

.93 

1 ^ 

3.55 

82 


6 

.79 

1 S 

3 

72 

14 

5.5 

.65 


2.45 

58 

12 

5 

.54 

1 ^ 

2 

47 

9.4 

4.5 

.43 

1 

1.58 

38 

7.6 

4 

.34 

% 


29 

5.8 

3.5 

.26 


.89 

23 

4.6 

3 

.19 

% 

.62 

15.5 

8.1 

2.5 

.16 

9/16 


12.3 

2.4 

2.25 

.14 

% 

.39 


2 

2 

.13 

7/16 

.30 

8 

1.6 

1.75 

.12% 

% 

.22 

5.75 

1.15 

1.50 

.12% 

5/16 1 

.15 

8.8 

.76 

1.25 

.12 

% 

.10 

2.65 

.53 

1 


We will be glad to send a very desirable Wire 
Rope record book to all who should have one. 
Keep a service record book. It pays. 



Standard Lay Lang Lay 


standard Lay Coarse Laid Rope 

Composed of 6 strands of 7 wires each around a 
hemp center. Made of Cmcible Cast Steel, Extra 
strong Crucible Cast Steel, Plow Steel and Im¬ 
proved Plow Steel. This rope is recommended for 
Standing Rope, Ferry Rope, Sand Lines, Guys, 
Rigging and Underground Haulage in Coal Mines. 

Lang Lay Coarse Laid Rope 

Composed of 6 strands of 7 wires each around a hemp 
center. Made of Crucible Cast Steel, Extra Strong Crucible 
Cast Steel, Plow Steel and Improved Plow Steel. This rope 
has same characteristics as Standard Lay, except the wira 
and strands are twisted in the same direction. 

The data table opposite these descriptions applies to 
both Standard Lay and Lang Lay Crucible Steel ropes. 
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WICKWIRE SPENCER STEEL CORPORATION. 


430 ROPE. 

WICKWIRE SPENCER STEEL CORP. 

WORCESTER, MASS. BUFFALO, N. Y. 

District Offices and Warehouses 

BOSTON NEW YORK PHILADELPHIA DETROIT CHICAGO TULSA SAN FRANCISCO 

Manufacturers of 


Wire Rope 


Products 

Wire Drawn from Iron, Steel, Brass, Copper, 
Bronze, Aluminum; Wire Poultry Netting; Wire 
and Iron Fencing and Gates; Wire Cloth, Wire 
Screen Cloth, Wire Lathing; Electrically Welded 
Wire, Welded Sheathing; Perforated Metals; Wire 
Rope and Cable; Wire Springs; Wire Forms; Spe¬ 
cial Manufacturers’ Wire, Wire Goods, Ornamental 
Wire and Iron; Elevator Cabs and Enclosures; 
Grilles; Office Railings; Flower Bed Guards; Lawn 
Borders; Trellises; Arches; Riddles; Coal and Sand 
Screens; Wire Specialties. 

Wickwire Wire Ropes 

Are made from specially selected materials in 
a wide variety of types to meet every engineering 
need. 

Grades of Wire Ropes 

We furnish all kinds of mining ropes in Cruci¬ 
ble Cast Steel, Extra Strong Crucible Cast Steel, 
Plow Steel and Gray Strand. 

Quality 

Wickwire Ropes are made from selected wire 
drawn in our own mills. All processes of manufac¬ 
ture are controlled from the ore to the finished 
product. 

Service 

Our Service Department will gladly help you to 
solve your Wire Rope problems upon receipt of full 
operation data. 

Standard Lay and Lang Lay Ropes 

Composed of 6 strands 7 wires to the strand 
around a hemp center. 

Haulage ropes are made either Standard or 
Lang Lay. In the Lang Lay construction the wires 
and strands are both laid in the same direction, 
allowing greater wearing service and giving more 
flexibility than Standard Lay. 



6 Strands—7 Wires to the Strand—1 Hemp Core 
Standard Lay Coarse Laid Rope 


6x19 Standard Hoisting Rope 

This construction is used for general Hoisting 
purposes and is particularly adapted to Shaft Hoist 
requirements. When severe abrasion is governing 
factor, increased service is secured by making rope 
Lang Lay. This construction is also used for slopes 
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and inclines where sheave and drum diameter will 
not allow the use of 6x7 construction. 



6 Strands—19 Wires to the Strand—1 Hemp Core 
Standard Hoisting Rope 


Fittings 

We furnish a full line of wire rope fittings, such 
as sockets—^both open and closed—hooks, thimbles, 
turn buckles, clamps, etc. 

Comparative Breaking Strengths of Wire Rope Per 
Given Diameter in Tons of 2000 Lbs. 


WIOKWm STAITSASD OOABSB T.*m ROPB (6x7) 


Diameter 

in 

Inches 

APPROXIMATE STRENGTH j 

Approx. 
Weight 
Per Ft 

In Lbs. 

Cast 

Steel 

Extra 

Strong 

Cast 

Steel 

Plow 

Steel 

Gray 

Strand 

1% 

63. 

73. 

82. 

90. 

3.66 

1% 

63. 

63. 

72. 

79. 

8. 


46. 

54. 

60. 

67. 

2.45 

1% 

37. 

43. 

47. 

52. 

2. 

1 

31. 

36. 

88. 

42. 

1.58 

% 

24. 

28. 

31. 

33. 

1.20 


18.6 

21. 

23. 

25. 

.89 


15.4 

16.7 

18. 

20. 

.76 

% 

13. 

14.5 

16. 

17.6 

.62 


10. 

11. 

12. 

13. 

.50 

% 

7.7 

8.85 

10. 

11. 

.89 

if 

5.6 

6.25 

7. 

7.76 

.80 

% 

4.6 

5.25 

6.8 

6.6 

.22 

A 

3.5 

3.95 

4.4 

.... 

.16 

A 

2.5 

2.95 

8.4 

.... 

.126 

WZOZWIBE STANDAmD 

KOXSTOBTO BOPB (0x19) 


APPROXIMATE STRENGTH 1 














Diameter 


Extra 



Weight 

in 


Strong 



Per Ft 

Inches 

Cast 

Cast 

Plow 

Gray 

In Lbs. 


Steel 

Steel 

Steel 

Strand 


2% 

211. 

243. 

276. 

315. 

11.96 


170. 

200. 

229. 

268. 

9.86 


133. 

160. 

186. 

210. 

8. 

2 

106. 

123. 

140. 

166. 

6.80 

1% 

96. 

112. 

127. 

160. 

5.65 

1% 

85. 

99. 

112. 

138. 

4.85 

1% 

72. 

83. 

94. 

110. 

4.16 

1% 

64. 

73. 

82. 

98. 

3.55 

1% 

66. 

64. 

72. 

84. 

3. 


47. 

53. 

58. 

69. 

2.45 

1% 

38. 

43. 

47. 

66. 

2. 

1 

30. 

34. 

88. 

45. 

1.68 

% 

23. 

26. 

29. 

36. 

1.2 


17.6 

20.2 

23. 

26.8 

.89 

% 

12.5 

14. 

15.5 

19. 

.62 


10. 

11.2 

12.3 

14.6 

.50 

% 

8.4 

9.2 

10. 

12.1 

.39 


6.5 

7.26 

8. 

9.4 

.80 

% 

4.8 

5.30 

5.75 

6.76 

.22 

s 

3.1 

3.50 

8.8 

4.50 

.16 


2.2 

2.43 

2.65 

3.16 

.10 
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THE IRONSIDES COMPANY. 


WIRE ROPE LUBRICANT. 


THE IRONSIDES COMPANY 

The Ironsides Bldg., 395-397 E. Broad St. 

COLUMBUS. OHIO, U. S. A. 



to 


Special Lubricants and Preservatives 


Products 


Ironsides Gear Shield 


Industrial—Wire Rope Filler, Wire Rope Shield, Fibre 
Rope Shield, Gear Shield, Neck Shield, Cam-Plunger Shield, 
Belt Shield, Journal Bearing Cup Shield, Paints, Tormay 
Pit Car Oiler. Automotive—Auto Gear Shield, Tractor 
Gear Shield, Auto-Tractor Motor Oils. 

Ironsides Wire Rope Filler 

This material is a lubricant for internally treating ropes 
as laid up by the manufacturer.* Ropes for all purposes: 
Cable Railways, Hoists, Inclined Planes, Power Transmis¬ 
sion, Elevators, etc., are internally lubricated and preserved. 

It lubricates between the strands and 
seals the g^utters, making water- 
soaked and corroded interiors impos¬ 
sible. The lubricant surrounding the 
core and strands penetrates the core 
which serves as a reservoir, releasing 
the preservative as needed. 

Contains no destructive acid. The 
core is lubricated and preserved; the 
wires adjoining are lubricated and 
preserved from corrosion; abutting wires between strands 
are lubricated; each strand is cushioned in lubrication. 
Ropes so treated are pliable, readily accommodating bends. 

Ironsides Wire Rope Filler is used by many of the best 
wire rope manufacturers. Purchasers by so specifying may 
have their ropes laid up in this material. 



A tenacious, water-proof lubricant for all gearing; the 
only lubricant that through occasional reapplication main¬ 
tains lubricated working faces on gear teeth. Being water¬ 
proof, no amount of water can remove it from the gear 
teeth. An appropriate 


grade for most a^^a- 
vated dusty conditions 
tenaciously adheres to 
gear teeth. 

Prevents metallic con¬ 
tact; lessens the noise 
through lubricated con¬ 
tact; diminishes noise by 
lubricated backlash; great¬ 
ly retards wear on all new 

gearing; arrests excessive wear on worm gearing; reduces 



expense of replacements. 


For electric mine motor gears and pinions, and mining 
machine gearing, our specially recommended grade can be 
used in accumulated form in cases. When heavier bodied 
grades are used on open gearing, apply by pouring lubricant 
over slowly revolving gears. 

Ironsides Auto Gear Shield is a specially appointed 
grade for the most efficient lubrication of transmissions and 
rear axle gearing. 


Ironsides Neck Shield 


Ironsides Wire Rope Shield 

This material is a pliable, tenacious and water-proof 
lubricant for outside application to ropes. Extensively 
used throughout mining and industrial 
districts for lubricating ropes through 
external application. Contains no 
destructive acid, lubricates between 
the wires, lubricates and protects 
high points of strands. Acid-proof i 
and water-proof, making corroded or I 
water-soak^ interiors impossible. 

Tenaciously holds to rope imder se¬ 
vere operating conditions and elas¬ 
tically adjusts itself to bends, like- 
wise preserving grooves of sheaves. 

Ironsides Plunger Shield 

An excellent lubricant for pump plungers and packings. 
Effectively protects against acid-water attacks. Gives su¬ 
perior results on cams, engine journals, drum and pulley 
bearings. 


Ironsides Belt Shield 

A belt dressing of the same typical superiorly as all 
other Ironsides meritorious Shield Products. Effectively 
softens and makes belt pliable, insuring perfect contact 
irrespective of climatic conditions, exposure and severe 
dusty conditions so frequently encountered. 


An excellent lubricant originally designed for rolling 
mills in steel and other metal plants, the exceptional merit 
of which has extended its use to the necks or journals of 
crushing rolls for ores, dusty and refractory material and 
cane grinding machinery. 

Ironsides Journal Bearing Cup Shield (Cup Grease) 

This is another typical Ironsides meritorious Shield 
Product for journal bearing lubrication as well as for mis¬ 
cellaneous general uses to which cup greases are adapted. 



Ironsides Improved Tormay Oiler 

This oiler has a central barrel with a 
plunger, surrounded by an oil reservoir. Open¬ 
ings in barrel, sealed or unsealed, according to 
the position of the plunger, commimicate with 
oil reservoir. Adjustable stroke of plimger 
governs quantity of oil forced by each opera¬ 
tion. Oiler may be placed in any position with¬ 
out leakage, but should be hung up by handle 
for its protection. 

Primarily constructed for mine car wheels, 
its use has spread widely to General Machinery, 
Locomotives, Stationary Engines, Motors, 
Hoisting Drums, Sheaves, Guides, Slope Roll¬ 
ers, and, in fact, all places where ordinary oil 
cans are applicable. 


Built in four sizes as follows: %, %, 1 and Wz gallon. 


MINING CATALOG 


SECTION VIII 


Digitized by toooQie 




^^THE FOLLOWINC MANUFACTURERS and DEALERS 
ARE REPRESENTED IN THIS SECTION 


ILTHE^ 

MINING 

^CAlAlOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12 


Aldrich Pump Co., The 
Allis-Chalmcrs Mfg. Co. 

American Well Works, The 
Aurora Pump Mfg. Co. 

Deming Co., The 
Ingersoll-Rand Co. 

Jackson, Byron Iron Works 
Morris Machine Works. 

Worthington Pump and Machinery Corporation. 


FOR LIST OF EQUIPMENT USE D IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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PUMP DATA. 


Classification of Pumps and Definitions 


Pumps may conveniently be classified accord¬ 
ing to (1) motive power, as steam, electric, com¬ 
pressed air pumps, etc., (2) construction and opera¬ 
tion, as duplex pumps, centrifugal pumps, power 
pumps, etc., and (3) the use to which they are 
put, as mine pumps, boiler-feed pumps, sinking 
pumps, deep-well pumps, etc. In order to have a 
clear understanding of terms which are commonly 
used in mine drainage, definitions will now be 
given of the various names by which pumps are 
known. 

The plunger pump is so named 
from the solid rod, cylindrical in 
■ “ J I section, which puts the water into 

' "I— v' Y motion by displacing a volume 
* PI f ^ equal to the part which is thrust 
Plunger' piimp. uito the Water end. See Figs. 9 

and 13. The u u.* ■ 

plunger pump 

is the nnft mrrM 1:|_ _ ;| 

generally ' •'.| 

used for boil- | :■ TTOr^ 

er feeding. , 

The piston QQ 'T’*^ 

pump uses a * 

disc which .. 

closely fits the bore of the 

water end and forces the Fig. lo. piston Pump. 
water before it. See Fig. 10. T 

The bucket is a piston con- 
taining one or more openings y — * ” 
provided with valves which per- I 
mit the water to pass through at I - - 

the proper time. See Fig. 11. 

The stroke of a pump is the I ° | 

distance the piston or plunger i 
travels within the water end. I I 

Pumps with 6-inch stroke should J |_ 

never be run over 60 feet per min- 

ute; 10-inch stroke not over 60 |_| 

feet; 12 inches not over 76 feet; pfeii. 

16 inches not over 90 feet; 24 bucket Pump, 
inches not over 110 feet. These figures are intend¬ 
ed for simple pumps only. A compound pump can 
^ways be safely run from 10 to 16 per cent, higher 
in piston speed than a simple pump. These are the 
m^imum speeds for direct-acting pumping ma¬ 
chinery and should not be exceeded for safe opera¬ 
tion. If run slower packing and repairs will be 
saved. 

Single - acting pumps are 
those which discharge water 
while the piston is traveling in 
one direction. See Fig. 11. 
Bucket pumps and many plun¬ 
ger power pumps are types of 
this class. 

Double - acting pumps are 
pWfp - ji' •- those which discharge water on 

both strokes of the engine. Pis- 
ton pumps are good examples of 
these. See Fig. 12. 

Do^^'-a“ting Direct-acting pumps are 

Piston Pump. those in which the steam and 
water pistons are attached to opposite ends of the 
same piston rod. Steam driven pumps are exam- 
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Plgr. 12. 

Double-acting: 
Piston Pump. 


pies of these and will be found in large numbers 
in the Catalog. 

Fly-wheel pumps are direct-acting pumps to 
which a fly-wheel is attached. This permits the 
use of steam expansively. 

Horizontal pumps are those in which the pump 
cylinder is horizontal. 

Vertical pumps are those in which the pump 
cylinder is vertical. 

Reciprocating pumps are so called because their 
moving parts travel alternately forward and back¬ 
ward in the same straight line. 

Power pumps are those in which the pump 
proper is driven by means of belts or gearing. See 
Catalog for examples of these. 

Inside-packed pumps include 
piston and plunger pumps which / _ I 

are packed inside the cylinder, i A | y4— 

See Figure 13 for illustration \| \J ~i — 

of plunger pump. I 

Outside-packed pumps are 
those whose plungers are packed Fig. is. inside-Packed 
outside the cylinder. Examples piuo*®' Pump, 
showing center-packed and end-packed plunger 
pumps will be found in the Catalog. 

A single pump consists of one steam and one 
water cylinder. See Catalog. 

A duplex pump consists of two single pumps, 
placed side by side on the same bed plate and 
having one discharge and one suction pipe in com¬ 
mon. In this form the two steam pistons move in 
opiwsite directions. The slide valve for one steam 
cylinder is operated through suitable connections 
by the piston rod of the op^site cylinder, the 
D-valve always moving in a direction opposite to 
that of the piston. See Fig. 14. 



Pig. 14. Duplex Pump. 

Triplex pumps are power pumps having three 
water cylinders. 

Multiplex is a term conveniently used to desig¬ 
nate power pumps having more than three cylin¬ 
ders, as quadruplex, quintuplex, etc. 

A compound steam pump has two steam cyl¬ 
inders of unequal diameter, the steam being 
passed, after use, from the smaller to the larger 
where by expanding it continues to do work. 

A triple-expansion steam pump has three steam 
cylinders of unequal diameters, steam from the 
boilers entering the smallest and passing from 
here to the intermediate and thence to the largest 
cylinder. The steam used is thereby expanded in 
three successive stages. 

Condensing steam pumps are those in which 
the exhaust steam from the low-pressure cylinder 
is passed to a condenser for the purpose of remov¬ 
ing the back pressure of the atmosphere from the 
exhaust. 
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A rotary pump is one which by the rotary motion of its 
tight-fitting part, or parts, forces the water onward. See 
Fig. 15. Its capacity varies directly with the speed. 

SPOUT NUT 



Fig. 15. Rotary Tump. 

When the water is moved by centrifugal action by means 
of a fan wheel operating directly upon the mass of water, 
it becomes a form of rotary pump known as the centrifugal 
pump. Unlike the rotary pump, it has tight-fitting parts 
only at the entrance or eye of the impeller, the rest of the 


parts having large clearances. See Catalog for illustrations 
of these. 

A volute pump is a centrifugal pump which derives its 
name from the form of casing or shell and usually refers 
to single stage, although volute pumps may be connected in 
series for high heads. 

A portable pump is one mounted on a truck, usually 
having the same gauge as the mine tracks, so that it can be 
conveniently moved from place to place as needed. They 
are commonly of the plunger type and driven by electricity. 

Gathering, auxiliary^ or field pumps are those used for 
unwatering certain sections or depressions in the mine. In 
shaft mines they discharge either into the main sump, or 
into ditches leading thereto. 

Turbine pumps are centrifugal pumps which derive their 
name originally because they were fitted with diffusers or 
guide vanes outside of the impellers, and thus resemble tur¬ 
bine water wheels, but later any pump with concentric cas¬ 
ing is so called. 

Main pumps are those used to eject the water out of the 
mine. In shaft mines they are located at the shaft bottom, 
or else at some central spot, convenient to the gathering 
pumps. The discharge line may be run to the shaft bottom 
and up the shaft, or proceed directly from the pump to the 
surface through a bore hole. 

Because of the methods of construction and operation, 
pumps are designated as ^Muplex, piston pumps;” ”double- 
acting, triplex power pumps;” “duplex, double-acting, elec¬ 
tric-driven pumps;” “Horizontal, triplex, single-acting, out¬ 
side-packed, plunger pump;” “duplex, triple-expansion,” etc., 
etc. For illustrations oi these ana many others see ^e 
Catalog. 


SIZE AND CAPACITY OP PUMPS 


To find the quantity of water delivered by a 
pump per minute, multiply the displacement of the 
piston or plungrer per stroke in cubic feet by the 
number of strokes per minute, and by 7.48, the 
number of s^ons in a cubic foot. Express^ as 
a formula this is, 

Foxmiila 1. 

Dlx,78^LX^7_A8__,,,g ^ 

144 


Where G=gallons delivered per minute. 

D=diameter of the piston or plungrer in 
inches. 

L=length of stroke in feet. 

N=number of effective strokes per minute. 

7.48=number of gallons in one cubic foot of 
water. 

The quantity so found will be the theoretical 
one and exceeds the actual quantity delivered be¬ 
cause of the slip of water past the piston and back 
through the valves while they are in the act of 
closing. Furthermore, the length of the stroke 
varies constantly so that its actual travel will differ 
somewhat from the calciilated travel. The slip in 
a pump ranges from 2 per cent, to anything above, 
depending on the tightness of the valves and 
piston, or the presence of obstructions which pre¬ 
vent the proper closing of the valves. A pump, to 
be efficient, should not show more than 6 per cent, 
of slip. 

When the quantity of water to be raised per 
minute is known, the size of the pump required can 
be calculated by the converse of the above formula 


_Formula 2. 

\/o408 LN V/oT 

The theoretical work of the pump will be the 
weight of the water pumped per minute multiplied 
by the distance through which it is raised in feet. 
This product divided by 33,000 will be the horse¬ 
power, thus, 

Formnla 4. 

jTp_ G X 8.33 X H 
~ 33,000 


Where G=gallons of water delivered per minute. 
H=total height of lift in feet. 

8.33~weight of one gallon of water in pounds. 

The pressure of water is a function of its 
height and may be expressed, this, 
p=.433 H. 

Where p=pres8ure in pounds per square inch. 
H=height of lift (head) in feet. 

.433=pressure in pounds per square inch due 
to a head of one foot of water. 

Let us assume, for example, that 500 gallons of 
water per minute are to be pumped to a height of 
300 feet. The pressure per square inch on the 
water piston would be 

p=.433 X 300=130-lbs. 

Assuming the length of the stroke to be 18 
inches, and the number of strokes to be 60 per 
minute, the area of the water piston may be found 
by formu la (2) 

The total pressure, P, on the piston is found by 
multiplying its area in square inches by the unit 
pressure, thus, 

P=12* X .7864 X 130=14702.7 lbs. 


The size of an engine cylinder necessary to 
overcome this pressure is easily found when the 
steam pressure is known. Assuming this to 
be 80 pounds per square inch at the pump, 
we have, theoretical area of cylinder in square 

inches--183.8 

One-half of this area should be added for fric¬ 
tional resistance. 


18 3.8-t-91. 9=275.7=required area of steam cylinder 
276 7 

=18.7 inches, say 18 inches diameter 


LOO 

\l 


A pump, therefore, having an 18 inch steam 
cylinder, 12 inch water piston and an 18 inch stroke, 
or as expressed by the manufacturer, 18" x 12" x 
18", will meet the requirements. 
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Duty 

The duty of a pumping engine has, in the past, 
been measured by the number of foot pounds of 
work performed per 100 pounds of coal consumed. 
With this method any fault in the boilers, boiler 
setting, chimneys, grates, pre-heating of feed 
water, etc., was, of necessity, a detriment to the 
performance of the pumping unit, inasmuch as 
there was no division of efficiency. In addition, the 
duty of a pump at a plant using a high grade Poca¬ 
hontas or New River coal would be considerably 
higher than where a low grade coal was in use, 
though the pump performance taken by itself, in 
the latter case, might, in reality, exceed that of 
the former. The difference in results might be en¬ 
tirely due to the variation in the heating value of 
the fuel used, or the inefficiency of the boilers, and 
therefore furnish no reliable information whereby 
comparison of pump efficiencies might be - made. 
For the purpose of furnishing comparable data, 
duty is better defined as the number of foot pounds 
of useful work done by one thousand pounds of 
commercially dry steam, or one million British 
thermal units of heat used by the pump. These 
values are selected because they approximate the 
old standard of 100 pounds of coal. The average 
pound of coal is assumed to give to the water in 
the boiler about 10,000 B. T. U.’s, which for 100 
pounds would total 1,000 B. T. U.’s; likewise it 
is further assumed that 100 pounds of coal can 
evaporate 1000 pounds of steam. 

A high duty engine is one which gives an ex¬ 
ceedingly high number of foot-i»unds of work 
done. The lowest duty is had with the smaller 
pumps taking steam continuously throughout its 
stroke; the highest duty is attained by using super¬ 
heated steam expansively and turning the final ex¬ 
haust into condensers. The useful work done by 
the pump is found as follows :* 


W=Q (144pi-f-wh-f-144pj) 

Where W is the total useful work 

w is the weight of one cubic foot of water 
Pi is the pressure head in the discharge 
main in pounds per square inch as 
determined by a pressure gauge. 

P 2 is the vacuum in the suction pipe in 
pounds per square inch as determined 
by the gauge or a mercury tube, 
h is the distance in feet between the two 


gauges. 

Q is the total number of cubic feet pumped, 
which may be determined in any one 
of five ways; first, by displacement 
calculations; second, by weirs; third, 
by meters; fourth, by weighing; fifth, 
by measuring. 

The total heat chargeable to the engine is next 
found, then. 


_Foot-pounds of w o rk d one_ 

^ Total No. of heat units consumed 


1,000,000 


The efficiency of the centrifugal pump is the 
ratio between the useful horsepower and the ap¬ 
plied horsepower, thus, 

. Useful Horsepower 

ciency— Horsepower 

The applied horsepower is determined by means 
of a dynamometer or calibrated electric motor. The 
useful horsepower is found according to the 
equation, 

U.H.P-ggQ 


where w=weight of one cubic foot of the water 
pumped. 

Q=quantity of water pumped in cubic feet 
per second. 

H=total head, including suction head, dis¬ 
charge head and velocity head. 


INFORMATION DESIRED 
roB nwn 

Prices and Estimates on Wood Pipe can be intelligently 
made only when sufficient information is at hand on which to 
make recommendations as to the pipe best suited for the pur¬ 
pose intended. When writing for prices, therefore, you should 
supply as much of the information listed below as is possible 
for you to procure. 

1. Purpose for which pipe will bo used. 

A. General . 


B. Whether the pipe is to be operated under gravity pres¬ 

sure or connected with a pump, turbine or impulse 
wheel for power development. 

r~1 i Single Cylinder 

C. Give typo of pump □< Multiple-Cylinder 

I I /centrifugal 

2. Give the inside diameter or diameters of pipe required and 
the number of lineal feet of each size. 


8. Give the pressure or pressures under which the line will 
operate (state clearly either in pounds per square inch or 
head In feet). 


4. Give the quantity of water to be delivered 


6. Give profile of line if possible. 

6. Name point on common carrier to which shipment can be 
made. 


Xt tlie MTtlmats Is to cover oonstmctioii, you should also advise 
as to the following: 

7. Give average wage for common labor. 

8. Give legal limit on working hours, if any. 

9. When will Installation be made?. 

10. r>o you want preliminary prices for estimating purposes or 

do you expect to place your order now?. 


•Formula from Greene’s “Pumping Machinery.” which along 
with Carpenter’s “Experimental Engineering’^ and Kent’s 
“Pocket Book” are recommended to the student for detailed 
information. 
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1 Number of wells 

2 Depth, feet 

8 Depth cased, feet 

4 Is casing air tight? 

5 Diameter of well. Inches 

6 (Diameter of Standard pipe, inches 
(Diameter of Casing, inches 

7 If Reduced f Diameter, Inches 

(Depth to, feet 

8 Further (Diameter, inches 

reduction (Depth to, feet 

9 Character of ((G) Gravel 

water strata (S) Sand 
1 (R) Rock 

10 Depth to water strata, feet 

(Make 

11 Strainer Inside diameter, inches 

Length, feet 
Depth to top, feet 

12 Static head (water level not pumping) 

13 If well fiows (gal. per min.) 

14 If well pumped |gal. per min.) 

15 Gallons per minute required 

16 Pumping head (water level when pumping), feet 

( Suction 
Deep Well 
Air Lift 

'Diam. cylinder or working bbl., in. 

18 Pump Length of stroke, in. 

(Stroke) or (Rev.) per min. 

Depth (working bbl. or suction lift) ft. 

(Make 

I Dia. water discharge in well, in. 

I Length water discharge in well, ft. 

19 Air lift I Dia. air line in well. In. 

Length air line in well, ft. 

I Starting pressure, lbs. 

I Running pressure, lbs. 

20 Elevation above surface, ft. 

21 Horizontal distance well to discharge, ft 
22 Compressor—Make, (Steam) or (Belt), Dia. Air Cyl., 
Stroke Air Cyl., Speed 

23 Working steam pressure. Available boiler H. P. 

24 Electric current (A.C.) or (D.C.), Voltage, Phase, Cycle 
25 Gas Engine—Make, H. P., Speed 

26 Supply sketch showing location of wells, reservoir and 
compressor. 
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CENTRIFUGAL VS. RECIPROCATING 

PUMPS 


Requests frequently come in for information 
about pumping equipment for mines, particularly 
as to the best type of pumps for particular pur¬ 
poses and for different pumping heads. 

The table offered here in response to such a 
request is a summary of a more extended tabula¬ 
tion printed in the E. & M. Journal-Press, January 
14th, 1922. The original table gives the location 
but not the name of each of the companies supply¬ 
ing information. 

Both reciprocating and centrifugal pumps have 
advantages and disadvantages that give each type 
its particular field. Thus, for pumping a large 
volume of water under a low head, the centrifugal 
pump is excellently adapted, but for pumping under 
unusually high heads or greatly va^ing heads the 
reciprocating pump is more efficient. Between 
these extremes lies a zone covered by both types 
of pumps. 

In general, the reciprocating pump is positive in 
action, rugged in construction, operates efficiently 
under many heads, and can often be run by more 
than one motive power. On the other hand, the 
centrifugal pump is simpler than the reciprocating 
t^e, has fewer moving parts, requires less atten¬ 
tion, and is more compact, and hence requires less 
space than a plunger pump of the same capacity. 
However, it works best at a specified head, opera¬ 
tion above and below which entails a sacrifice in 
efficiency. In general, the limit of single-stage 
centrifugal pumping is 75 to 200 ft. Multi-stage 
centrifugal pumps are in use to overcome the limi¬ 
tation of single-stage operation. 


The centrifugal pump can be suddenly over¬ 
loaded without damage to its mechanism, whereas 
an overload of a reciprocating pump through an 
obstruction or otherwise may seriously injure the 
machine. The ratio of efficiency between plunger 
and centrifugal pumps is about 4:3. The advan¬ 
tages of the centrifugal pump makes its use par¬ 
ticularly desirable in a mine where pumping is 
generally done under a fixed head. However, an 
investigation conducted by Engineering and Min¬ 
ing Journal for the purpose of ascertaining to what 
extent each type of pump is used in the mines, 
smelters, and mills of Canada and Mexico, as well 
as in those of the United States, indicates that the 
reciprocating type is the more generally favored. 

A detailed tabulation of pumping installations 
in North America from companies willing to sup¬ 
ply this information follows. The data are not 
always complete and the survey is not compre¬ 
hensive enough to give more than a general idea 
of pumping practice. We know of no publication 
giving this information. 

It will be noted that the reciprocating pumps 
greatly outnumber the centrifugals, a circumstance 
that may be due partly to the older age of the 
reciprocating pump and its slow displacement by 
the centrifugal pump (if displacement is going on). 
Centrifugal pumps, however, seem to be fairly well 
intrenched in mill work. As a similar investiga¬ 
tion too long to reproduce here discloses, of 430 
pumps used in various mills of this continent 326 
were centrifugal and 104 reciprocating. 
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5 

18 

4 

11 

3 
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15 

63 

15 

48 

•3 

31 

5| 

7 
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5 
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25 

20 
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11 
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200-1800 

18 
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15 
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10 
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19 

77 

2 

43 
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7 
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2 
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Lead—Silver. 
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18 
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4| 
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200-1300 

11 
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50 

2 
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9 
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6 

20 
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13,400 

75-1600 

37 
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150- 225 
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60- 100 
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*Air or Steam. tAU stages of centrifugals classed together. 

t(Kher types are used as sinking pumps. I "Beclprocatlng" where not otherwise classlfled. 
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PUMP DATA. 


AIR LIFT PUMPING 


Air-lift pumping had its first useful application on 
the Pacific coast. It was patented by James R. Fri- 
zell in 1880 and considerably improved by Dr. Julius 

I. Pohle, to whom patents were granted in 1886. 

The arrangement is remarkably simple, consist¬ 
ing of the eduction pipe for the water and an air 
pipe which discharges compressed air in bubbles at 
the bottom of the pump. See Figure 38. 



Fiff. 38. Methods of Piping: Wells. 


The air lift contains no movable parts to get 
out of order, requires no lubrication, handles water 
that would be destructive to ordinary mine pumps 
and is not affected by mud or grit. Its principal 
claim to superiority lies in its large capacity. Under 
favorable conditions an air-lift pump will discharge 
more liquid than will any other type. 

The principle involved in its action is the de¬ 
creased specific gravity of the water in which air is 
contained in considerable quantity, or through 
which it is rising in bubbles. The lighter aerated 
water within the pipe is thus forced upwards by 
the static pressure of the water in the well and a 
flow created. Since the difference in the specific 
gravity between the two columns can never exceed 
a definite amount, it requires that the ratio of sub¬ 
mergence to lift be within certain limits. The fol¬ 
lowing table will be of interest.* 

Ratio of Submergence to Lift. 

Submergence. 

For lifts up to 60 feet.70 to 66 per cent. 

50 to 100 feet.66 to 55 per cent. 

100 to 200 feet.56 to 50 per cent. 

200 to 300 feet.60 to 43 per cent. 

300 to 400 feet.43 to 40 per cent. 

400 to 600 feet.40 to S3 per cent. 

. In actual practice, it has been found that the 
submergence may be varied with the lift, shorter 
lifts requiring a greater percentage of sub¬ 
mergence. While there is no definite division line, 
the proportion of submergence to lift, shown in the 
above table, will be found effective. 

It will be readily understood that the diameter 
of the discharge or eduction pipe is of prime im¬ 
portance to secure the best efficiency, and must 
bear a relation not only to the amount of water 

•From Bulletin No. 71-A, Sullivan Machinery Company. 


to be handled, but also to the amount of air; so 
that for an equal amount of water the pipe size 
may vary with the lift and also with the percentage 
of submergence, as both factors change the amount 
of air. If the pipe is too large, then there is slippage 
of the air past the water, unless more air is used to 
keep up the velocity ; or if too small a pipe is used, 
undue friction will increase the power needed. 
Standard Terms Used in Air Lift Work 

Fig. 39 illustrates the terms regularly used in 
referring to air lift pumping, and these terms and 
their application should be thoroughly understood 
as a preliminary to study of the subject. They 
are explained more fully below. 

1. Static Head—^Normal water level when not 


pumping, measured from, surface or top of well 
casing. 

2. Drop—^Point to which the water level drops 
below the static head while being pumped. 

3. Pumping Head—Level of n 
water when pumping as .com¬ 
pared to ground surface or top of 
well casing. 

Static Head -f Drop = Pump¬ 
ing Head. 

4. Elevation — Point above 
the ground surface or top of well 
casing to which water is raised. 

6 Total Lift—^Distance wa¬ 
ter is elevated, from level when 
pumping, to point of discharge, 
at an elevation, and includes: 

Elevation -|- Static Head -|- 
Drop = Total Lift. 

6. Lift—^Distance the water 

is elevated from level when 
pumping to point of discharge at 
surface, and includes: Figure 39 . 

Static Head Drop = Lift 
(or Pumping Head). Pumping. 

7. Submergence—Distance below the pumping 
head at which the air picks up the water. 

8. 100 Per Cent.—^The vertical distance the 



air travels with the water from point introduced 
to point discharged, and includes: 

Total Lift or Lift-1-Submergence=100 per cent. 
9. Starting Submergence—^Distance below the 



Fig. 40. 

Foot Piece. 


static head at which the air picks up 
the water, and includes: 

Drop -t- Submergence = Starting 
Submergence. 

In order to avoid the formation of 
large bubbles in the delivery pipe, a 
foot piece is used from which the com¬ 
pressed air issues in fine streams, 
thereby insuring a more intimate mix¬ 
ture with the water. See Fig. 40. 

Air lifts have been used for many 
years to increase the flow from artesian 
wells for which they are particularly 
well adapted. The water supply for 
many cities is derived in this manner. 
The principle of the system is applicable 
to certain conditions in mining, such as 
raising water from the flooded lower sec¬ 
tions of a mine to a point where it can 
be sent to the surface by the prevailing 
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438 **UMP DATA. 


methods. It may be used to great advantage in coal 
washing for pumping the water from the settling 
tanks back to the jigs, and sundry other uses. 

The efficiency of the air lift depends upon the 
mixture of air and water, the i^rcentage of sub¬ 
mergence and the proper j)roportioning of the educ¬ 
tion pipe, which bears a definite relation, not only 
to the volume of water passing through it but also 
to the air. If the pipe is too large, then there is 
slippage of the air past the water, unless more air 
is used to keep up the velocity; or if too small a 
pipe is used the frictional losses will be large. 

While the efficiency of this pumping system 
may not reach over 40 per cent., its simplicity, the 
rapidity with which it may be installed in time of 
emergency and its low first cost may make its 
utility of more importance than its efficiency. An 
example of its adaptability to mining is supplied in 
the unwatering of Crown Hill No. 1 mine, at 
Clinton, Indiana.* Water had broken into the mine 
through the caving of an old room, in such quanti¬ 
ties as to necessitate the stoppage of work. A drill 
hole, 160 feet deep, was put down from the surface 
to intersect an entry in the flooded section, and an 
air lift installed. The discharge pipe was 6 inches 
in diameter and inside this was the 1% inch air 
pipe. The mine was successfully recovered by keep¬ 
ing the lift in continuous operation 24 hours each 
day for a period of four months. 

An illustration of the high head against which 
the air lift can operate is afforded by a mine in the 
Rocky Mountain section. The pump takes air from 
a high-pressure compressed-air locomotive service 
main, and lifts 160 gallons of water per minute 
more than 700 feet vertically. The air is delivered 
to the eduction pipe through a 6-32 inch round hole 
drilled in a solid plug cock. 

Instructions for Securing Well Data 

In order to make an intelligent and accurate 
estimate on an air lift installation, the informa¬ 
tion called for in the following list is absolutely 
necessary. The sketch and terms preening should 
be understood fully before attempting to follow 
the paragraphs below. 

Every item shown is of value in deter mining 
a proper installation, and it is of special importance 
to make a sketch showing the position and distance 
of the wells with regard to the location of the 
compressor and point of discharge. 

1. Number of Wells. If more than one well 
is to be installed, a designating number used by 
the customer is of value, to avoid confusion in 
correspondence and proposals. 

2. Depth in Feet. The depth is always of im¬ 
portance, and if not accurately known, soundings 
should be taken. Give the entire depth of the well. 

3. Depth Cased. The depth to which the well 
is cased is important, because it may become neces¬ 
sary to use the casing as a discharge line. 

4. Is the Casing Tight? It should be known 
if the casing is tight, for the same reason as above, 
and also for possible use in “back-blowing.” 

6 and 6. Diameter of Well in Inches and Char¬ 
acter of Casing. This information is required to 
make up well top flanges. State the e^act size, 
whether it is threaded or not, and the number of 
threads per inch. Sometimes a customer will as¬ 
sume he has a 6-inch well when measurement will 
show it to be 6%-inch or 614-inch. 

•‘‘Coal Age,” Volume 5, pg. 121. 
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The usual term for the pipe forming the walls 
of a well is “casing”—sometimes it is standard 
pipe and sometimes casing which has different 
diameters and threads from standard pipe. 

7 and 8. Reductions. It is important to know 
how much and at what point a well is reduced in 
order to determine the size of pump, water and air 
piping to be used. 

9. —Character of Strata. After noting the 
initial in this line give the information in full else¬ 
where. The character of sand or gravel should be 
stated, whether fine or coarse, also the character 
of rock strata, sand, shale or limestone, and the 
name of the strata, if obtainable. 

10. Depth to Water Strata. If there is more 
than one water-bearing stratum,' give the depth 
to the principal one and note elsewhere the loca¬ 
tion of the others. From this information the 
probable drop and increase in flow may often be 
estimated. 

11. Strainer. Sometimes the strainer is made 
part of the well casing, and sometimes it is drop¬ 
ped through the casing. Full knowledge is im¬ 
portant to determine what effect “back-blowing” 
will have and whether the strainer is of a diameter 
to admit the required piping. 

12. Static Head. FS^)m the static head is de¬ 
termined the starting pressure and consequent 
starting horse power. To a large extent it deter¬ 
mines the size of the compressor installation. 

13 and 14. Gallons Per Minute That Have Been 
Secured. These items, taken in connection with: 

16 and 16. Are the Principal Factors in Deter¬ 
mining the Proposal. 

17, 18 and 19. Complete information is essen¬ 
tial, especially where air power has been used 
previously. 

20 and 21. Actual distances should be ascer¬ 
tained, and if the piping is in place, show the 
diameter; also note,elbows and general description 
with sketch. 

22, 23, 24 and 26. Complete information is im- 
poitont. 

26. Sketch. A sketch should always be fur¬ 
nished, especially if there is more than one well and 
if it is desired to pump to an elevation. It is de¬ 
sirable to supply any information obtainable vdth 
regard to the action of similar wells in the vicinity, 
noting their size, depth, pumping heads and 
capacities. 
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Feet 

Head 

Lbs. 
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Sq. In. 

Feet 

Head 

Lbs. 
per 
Sq. In. 

1 

1 Feet 

1 Head 

1 

Lbs. 
per 
Sq. In. 

Feet 

Head 

Lbs. 
per 
Sq. In. 

1 

0.43 

160 

69.31 

260 

112.62 

500 

216.68 

5 

2.17 

165 

71.47 

265 

114.79 

550 

238.24 

10 

4.33 

170 

73.64 

270 

116.96 

600 

259.90 





276 

119.12 



25 

10.83 

175 

76.80 

280 

121.29 

650 

281.56 

50 

21.66 

180 

77.97 

285 

123.46 

700 

308.22 

60 

25.99 

185 

80.14 

290 

125.62 

760 

824.88 

80 

34.65 

190 

82.30 

295 

127.78 

800 

846.54 

100 

43.31 

195 

84.47 

800 

129.95 

850 

868.20 

105 1 

45.48 

200 

86.63 

310 

134.28 

900 

889.86 

110 

47.64 

205 

88.80 

320 

138.62 

950 

411.62 

115 1 

49.81 

210 

90.96 

330 

142.95 

1000 

488.18 

120 

61.98 

215 

93.14 

340 

147.28 



125 

64.15 

220 

95.30 

350 

151.61 



130 

56.31 

225 

97.49 

860 

155.94 



135 

58.48 

230 

99.63 

870 

160.27 



140 

60.64 

235 

101.79 

380 

164.61 



145 

62.81 

240 

103.96 

390 

168.94 



150 

64.97 

246 

106.13 

400 

173.27 





250 

108.29 





155 

67.14 

256 

110.46 

450 

194.92 




Courtesy Fraser & Chalmers Co. 
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£088 or MAP or WATsm XM rzr88 pt rmxOTzov- 


PPTATZOV8 


Friction Head, In Feet, for each 100 feet of Pipe, for clean Iron Pipe of the Sizes shown. Discharging given Volumes In 
Gallons per Minute. 



P088 or MAP or WATM XM SUOW8, PUB TO rmXOTXOM (XM MBBT) 

(Calculated from Welsback’s formula for very short bends, with a radius equal to the radius of the pipe) 


Loss of Head Due to Friction in Feet, and Size of Elbows In Inches 



9 In. 
“0.03C9 
0.0507 
0.0573 
0.0646 
0.083 
0.088 
0.1015 
0.231 
0.306 
0.4616 
0.637 
0.923 
1.535 
1.85 
2.395 
3.46 



12 in. I 14 in. 


0.1985 0 
0.249 0 
0.311 0 
0.4485 0 


0.0599 

0.0738 

0.1015 

0.1383 

0.166 

0.1845 

0.2895 

0.295 

0.462 

0.659 

0.899 

1.065 

1.18 

1.845 

2.35 

2.63 


0.01614 

0.0208 

0.0231 

0.345 

0.0485 

0.0652 

0.0623 

0.0808 

0.0992 

0.1546 

0.2215 

0.3048 

0.348 

0.397 

0.195 

0.7026 

0.886 

1.244 

1.356 

1.586 

2.015 

2.266 

2.47 


0.01382 

0.0208 

0.0281 

0.0277 

0.0323 

0.0392 

0.0622 

0.09 

0.1222 

0.1842 

0.167 

0.252 

0.2743 

0.36 

1.244 

0.535 

0.6275 

0.811 

0.901 

1.007 

2.24 

4.02 


0.01845 



0.03 



0.0438 

0.0231 


0.06 

0.0326 


0.068 

0.0349 


0.0738 

0.0462 

. 

0.11967 

0.0669 

0.0392 

0.1404 

0.076 

0.0441 

0.1754 

0.0969 

0.0677 

0.496 

0.2376 

0.1314 

0.273 

0.149 

0.0843 

0.395 

0.1845 

0.1016 

0.392 

0.217 

0.1316 

0.4602 

0.2464 

0.144 

0.481 

0.2676 

0.1568 

1.0826 

0.60 

0.3598 

1.92 

1.069 

0.627 

2.413 

1.329 

0.756 

3.025 

1.676 

1.005 


1.938 

1.44 



2.44 

. 1 


3.025 

. 1 

1 . 

3.88 
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PUMP DATA. 

Useful Information on Pumps and Pipe Lines 


WHEN ORDERING PUMPS 


Manufacturer wants to know:— 

How many gallons you want to handle per minute. 

The amount of suction lift, length and size of suction 
pipes. If you want to use one or more branches to suction, 
so state. 

The amount of discharge lift, length and size of dis¬ 
charge pipe. If other pumps use same discharge line, so 
state, giving approximate quantity of water passing through 
line. 

Will the water contain any solids? Give character of 


water and state preference as to metal to be used in water 
end of pump. 

If steam is to be used, ^ve boiler pressure, length, 
size and condition of steam line and probable pressure at 
the pump. 

If compressed air is to be used, give air pressure at the 
pump. 

If electricity is to be used, give voltage and state whether 
alternating or direct current. If alternating, state if single 
phase, two or three phase, the voltage and number of cycles. 
Does voltage vary materially? 

Courtesy Harris Pump A Supply C<> 


TA£U or OAPACZTY OF PUMPS 

The fisrures at the extreme right and left of the Table are plunger or piston diameters; the line of figures across the top are 
length of plunger or piston strokes; the figures in the body of the Table are the capacity, or displacement in U. S. gallons, cor¬ 
responding to a single stroke. To find the capacity for one revolution, multiply the capacity for a single stroke by one, two, 
three, four or five, for single, duplex, triplex quadruplex or quintuplex. single-acting; and by two, four, six, eight or ten, for 
double-acting pumps. 


u 

9 

bt 

C —1 

BQ 

E a> 

. G 



LENGTH 

OF STROKE IN INCHES. AND CAPACITY PER STROKE IN U. S. GALLONS. 

OP PUMP CYLINDER, WITH GIVEN DIAMETER 



t. 

« 

bt 

B X 

o.’g 

. c 

Diam 

I 

1 

4 

6 

6 

7 

8 

9 

10 

12 

14 

16 

1 

18 

20 

24 

30 

36 

48 

Dlam 

I 


.0053 

.0212 

.0266 

.0319 

.03721 

.0425 

.0478 

.0531 

.06371 

.0743 

.0848 

.0955 

.1062 

.1274 

.1590 

.1908 

.2544 


1% 

.0064 

.0256 

.0321 

.0385 

.04191 

.0513 

.0578 

.06421 

.077 1 

.089 

.1027 

.1156 

.1280 

.1541 

.1920 

.2304 

.3072 

1 % 


.00765 

.0306 

.0382 

.0459 

.0535 

.0612 

.0688 

.0765 

.0918 

.1071 

.1224 

.1377 

.1530 

.1836 

.2295 

.2754 

.3672 

1 ^ 

1% 

.0104 

.0416 

.0521 

.0625 

.0729 

.0833 

.0937 

.1041 

.12491 

.1457 

.1666 

.1874 

.2082 

.2499 

.3120 

.3744 

.4992 

i4 

2 

.0136 

.0544 

.068 

.0816 

.0952 

.1088 

.1224 

.136 

.1632 

.1904 

.2176 

.2448 

.2720 

.3264 

.4080 

.4896 

.6528 

2 


.0172 

.06881 

.086 1 

.1033 

.1205 

.1377 

.1545 

.1721 

.2063 

.241 

.2754 

.3096 

.344 

.4128 

.5160 

.6192 

.8256 



.02125 

.0850 

.1062 

.1275 

.1487 

.17 

.1912 

.2125 

.255 

.2975 

.34 

.3825 

.4252 

.51 

.6376 

.7650 

1.0200 


2% 

.0257 

.1028 

.1285 

.1543 

.17991 

.2057 

.2313 

.2571 

.3085 

.3598 

.4114 

.4626 

.5142 

.617 

.7710 

.9252 

1.2336 

2% 

3 

.0306 

.1224 

.1530 

.1836 

.2142 

.2448 

.2754 

.306 

.3672 

.4284 

.4896 

.5508 

.612 

.7344 

.9180 

1.1016 

1.4688 

3 

3^ 

.0359 

.1486 

.1795 

.2154 

.2513 

.2872 

.3231 

.3594 

.4312 

.503 

.5748 

1 .6466 

.7182 

.8624 

1.0770 

1.2924 

1.7232 

3^ 

3M* 

.04165 

.1666 

.2082 

.2499 

.2915 

.3322 

.3748 

.4165 

.4998 

.5831 

.6664 

.7497 

.833 

.9996 

1.7495 

1.4994 

1.9992 

3^ 

3% 

.0478 

.1912 

.239 

.2868 

.8346 

.3824 

.4302 

.478 

.5736 

.6692 

.7648 

.8605 

.9561 

1.147 

1.4340 

1.7208 

2.2944 

3% 

4 

.0544 

.2176 

.272 

.3264 

.3808 

.4352 

.4896 

.544 

.6528 

.7616 

.8704 

.9792 

1.088 

1.3050 

1.6320 

1.9584 

2.6112 

4 

4^ 

.0614 


.307 1 

.3684 

.4298 

.4912 

.5526 

.6141 

.7368 

.8596 

.9824 

1.105 

1.228 

1.473 

1.8420 

2.2104 

2.9472 

4^ 

4H 

.06885 


.3442 

.4131 

.4819 

.5508 

.6196 

.6885 

.8262 

.96391 

1.1016 

1.2393 

1.377 

1 .*6524 

2.06551 

2.4786 

3.3048 

4H 

4% 

.0767 


.3835 

.4602 

.5369 

.6136 

.6903 

.7671 

.9204] 

1.073 1 

1.227 

1.380 

1.534 

1.84 

2.3010 

2.7612 

3.6816 

4^ 

5 

.0850 


.425 

.51 

.595 

.68 

.765 

.85 

1.02 

1.19 

1.36 

1.53 

1.7 

2.04 

2.5500 

3.0600 

4.0800 

5 

5^ 

.0937 1 



.5622 

.6559 

.7496 

.8433 

.9371 

1.124 

1.311 

1.499 

1.686 

1.874 

2.248 

2.8110! 

3.3732 

4.4976 

5U 

5^ 

.102851 

. 


.6171 

.7199 

.8228! 

.9256 

1.0285 

1.2342 

1.4399 

1.6456 

1.8513 

2.057 

2.4684 

3.0855 

3.7026 

4.9368 


5% 

.1124 ’ 



, 6744 

.7868 

.8992 

1.011 

1.124 

1.348 1 

1.573 

1.789 

2.022 1 

2.248 

2.696 

3.3720] 

4.D464 

5.3952 

5 ^ 

6 1 

.1224 1 



.73141 

.8568 

.9792 

1.1016 

1.2240 

1.4688 

1.7136 

1.9584 

2.2032 

2.448 

2.9376 

3.6720 

4.4064 

5.8752 

6 


.1328 



.7968 

.9296 

1.062 

1.195 

1.328 

1.593 

1.859 

2.124 

2.39 1 

2.656 1 

3.186 

3.9840] 

4.7808 

6.3744 

6U 


.1436 



.86101 

1.0052 

1.1488 

1.2926 

1.4364 

1.724 

2.0109 

2.2982 

2.5885 

2.8728 

3.4473 

4.3080 

5.1696 

6.8928 

6^ 


.1549 



.9294 

1.084 

1.239 

1.394 

1.549 

11.858 

2.168 

2.479 

2.788 1 

3.098 1 

3.716 1 

4.64701 

5.5764 

7.43521 

6% 

7 

.1666 



.9996 

1.1662 

1.3328 

1.4994 

1.666 

1.9992 

2.3324 

2.6656 

2.9988 

3.332 

3.9984 

4.9980 

5.9976 

7.9968 

7 

7% 

.2042 



1.225 

1.429 

1.633 

1.837 

2.042 

2.45 

2.858 

3.266 

3.674 

4.084 

4.9 

6.1260 

7.3512 

9.8016 

7% 

8 

.2176 



1.3056 

1.5232 

1.7408 

1.9584 

’2.176 

2.6112 

3.0464 

3.4816! 

3.9168 

4.362 

6.2224 

6.5280 

7.8336 

10.4448 

g 

9 

.2754 




1.9278 

2.2032 

2.4786 

2.754 

3.3048 

3.8556 

4.4064’ 

5.0572 

5.508 

6.6096 

8.2620 

9.9144 

13.2192 

9 

10 

.3400 





2.72 

3.06 

3.4 

4.08 

4.76 

5.44 

6.12 

6.8 

8.16 

10.20 

12.2400 

16.3200 

10 

11 

.41135 






3.7258 

4.1139 

4.9367 

5.7595 

6.5823 

7.4051 

8.2279 

9.8735 

12.34 

14.8086 

19.7448 

11 

12 

.4896 







4.896 

5.8752 

6.8544 

7.833 

8.8128 

9.792 

11.7504 

14.688 

17.6256 

23.5008 

12 

13 

.5745 








6.894 

8.042 

9.192 

10.34 

11.49 

13.78 

17.235 

20.6820 

27 5760 

13 

14 

.6660 








7.994 

9.328 

10.66 

11.99 

13.32 

15.98 

19.98 

23.9760 

M • • V 1 V V 

31.968 

14 

15 

.7645 




.1. 




10.70 

12.23 

13.76 

15.29 

18.35 

22.935 

27I522O 

36!696 

15 

16 

.8700 







12.18 

13.92 

15.66 

17.40 

20.88 

26.10 

31!3200 

41*760 

16 

18 

1.1010 








17.61 

19,81 

22.02 

26.42 

33.03 

39 636 

52*848 

18 

20 

1.3600 








21.76 

24.48 

27.2 

32.64 

40.80 

48.96 

65!280 

20 


Courtesy of The Aldrldh Pump Co. 


EQUZVAXSNT8 OP UQUZD MZA8UBB8 AJTD WZZOKT8 


Measures and 
Weigths for 
Comparison 


Measure and Weight Equivalents of Items 

in First Column 


U. S. 
Gallon 

Imperial 

Gallon 

Cubic 

Inch 

Cubic 

Foot 

Cubic 

Meter 

Liter 

Pound 

•Vedro 

•Pood 

U.S. Gal. 

1. 

.833 

231. 

.1337 

.00378 

3.785 

8.33 

.308 

.231 

Imp. Gal 

1.20 

1. 

277.27 

.1604 

1.00454 

4.542 

10. 

.369 

.277 

Cu. In. . 

.0043 

.00358 

1. 

.00057 

.000016 

.0163 

.0358 

.00132 

.001 

ou. Ft. .. 

7.48 

6.235 

1728. 

1. 

.02827 

28.312 

62.355 

2.304 

1.728 

Cu. Met. 

264.17 

220.05 

61023. 

35.319 


1000. 

2200.54 

81.364 

61.028 

Liter .. . 

.26417 

.2200 

61.023 

.0353 

.001 

1. 

2.2005 

.08136 

.06i02 

•Vedro 

3.249 

2.706 

750.1 

.4344 

.01228 

12.29 

27.06 

1. 

.7601 

•I’ood. 

4.328 

3.607 

1000. 

.578 

.01636 

16.381 

36.07 

1.333 

1. 

Pound .. 

.12 

.1 

27.72 

.016 

.00045 

.454 

1. 

.0369 

.0277 


•Vedro and Pood are a Russian measure and weight respectively 
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Useful Information on Pumps and Pipe Lines—Cont 

TKS COST OF FiniPXVO 


The cost (in dollars) per month (30 days of 24 hours each) of pumping 100 U. S. gallons per minute against 1 ft. lift—the 
efficiency of Pump and Motor together and the cost of Power being known. 


BASS 

COST 



COMBINED 

EFFICIENCY—MOTOR 

AND PUMP—PER CENT. 



a« 


(Dollars) 

H. P. 
Year 

40 

46 

50 

66 

60 

65 

70 

73 

76 

80 

88 

86 

90 

(3 . 

''ii 


Cost per month (80 days—24 hours each) 100 

U. S. 

Gallons 

per minute against 1 

ft. Lift 


0.1 

.0007 

6.64 

.034 

.080 

.027 

.029 

.023 


.019 


.018 

.017 

.016 

.016 

.016 

0.2 

.0015 

18.07 

.068 

.060 

.054 

.049 

.045 


.039 


.086 

.084 

.088 

.082 

.030 

0.3 

.0022 

19.61 

.102 

.091 

.082 

.074 

.068 


.058 


.064 

.061 

.049 

.047 

.046 

0.4 


26.14 

.136 

.121 

.109 

.099 

.091 


.078 


.072 

.068 


.068 

.060 

0.6 

.0037 

82.68 

.170 

.161 

.186 

.123 

.113 

.104 

.097 


.089 

.086 


.079 

.076 

0.6 

.0046 

39.21 

.204 

.181 

.163 

.148 

.136 

.126 

.116 

.112 

.107 

.102 

.098 

.096 

.091 

0.7 

.0062 

45.76 

.238 

.211 

.190 

.178 

.168 

.146 

.186 

.180 

.126 

.119 

.116 

.111 

.106 

0.8 

.0060 

62.28 

.272 

.241 

.217 

.198 

.181 

.167 

.156 

.149 

.143 

.186 

.131 

.126 

.121 

0.9 

.0067 

68.82 

.806 

.272 

.244 

.222 

.204 

.188 

.176 

.167 

.161 

.163 

.147 

.142 

.136 

1.0 

.0076 

66.36 

.339 

.802 

.272 

.247 

.226 

.209 

.194 

.186 

.179 

.170 

.164 

.168 

.161 

1.1 

.0082 

71.89 

.873 

.882 

.299 

.272 

.249 

.230 

.213 

.206 

.197 

.187 

.180 

.174 

.167 

1.2 

.0090 

78.42 

.407 

.862 

.326 

.896 

.272 

.261 

.233 

.228 

.214 

.204 

.196 

.189 

.181 

1.3 

.0097 

84.96 

.441 

.892 

.868 

.821 

.294 

.272 

.262 

.242 

.232 

.221 

.213 

.206 

.196 

1.4 


91.49 

.476 

.422 

.880 

.846 

.317 

.292 

.272 

.260 

.260 

.288 

.229 

.221 

.211 

1.6 

.0112 

98.02 

.609 

.468 

.407 

.870 

.389 

.313 

.291 

.279 

.268 

.266 

.246 

.237 

.226 

1.6 

.0119 

104.66 

.648 

.483 

.484 

.896 

.362 

.884 

.810 

.298 

.286 

.271 

.262 

.263 

.241 

1.7 

.0127 

111.09 

.677 

.618 

.462 

.420 

.886 

.356 

.330 

.316 

.304 

.288 

.278 

.268 

.266 

1.8 

.0134 

117.63 

.611 

.648 

.489 

.444 

.407 

.376 

.349 

.336 

.328 

.306 

.294 

.284 

.272 

1.9 

.0142 

124.16 

.646 

.673 

.616 

.469 

.430 

.897 

.368 

.863 

.389 

.822 

.311 

.300 

.287 

2.0 

.0149 

180.70 

.679 

.603 

.648 

.494 

.458 

.418 

.888 

.872 

.867 

.889 

.327 

.816 

.802 

2.1 

.0167 

187.28 

.713 

.683 

.670 

.618 


.489 

.407 

.891 

.376 

.866 

.848 

.888 

.817 

2.2 

.0164 

148.77 

.747 

.664 

.697 

.643 


.469 

.427 

.409 

.898 

.878 

.860 

.347 

.882 

2.3 

.0172 

160.80 

.781 

.694 

.624 

.668 


.480 

.446 

.428 

.411 

.890 

.876 

.368 

.847 

2.4 

.0179 

166.84 

.814 

.724 

.662 

.692 


.501 

.466 

.446 

.489 

.407 

.898 

.879 

.862 

2.6 

.0187 

163.87 

.848 

.764 

.679 

.617 


.622 

.486 

.466 

.447 

.424 

.409 

.896 

.377 

2.6 

.0194 

169.91 

.882 

.784 

.706 

.648 


.648 

.604 

.484 

.464 

.441 

.426 

.410 

.892 

2.7 

.0201 

176.44 

.916 

.814 

.783 

.666 


.664 

.624 

.602 

.482 

.468 

.442 

.426 

.407 

2.8 

.0209 

182.98 

.960 

.846 

.760 

.691 


.686 

.648 

.621 

.600 

.476 

.468 

.448 

.422 

2.9 

.0216 

189.61 

.984 

.876 

.787 

.716 


.606 

.662 

.639 

.618 

.492 

.474 

.468 

.487 

3.0 

.0224 


1.018 

.906 

.814 

1 

.740 


.627 

.582 

.668 

.636 

1 

.609 

.491 

.474 

.468 

3.1 

.0231 

202.58 

1.062 

.936 

.842 

.766 

.701 

.647 

.601 

.676 

' .664 

.626 

.607 

.489 

.468 

3.2 

.0239 

209.12 


.965 

.869 

.790 

.724 

.668 

.621 

.695 

.672 

.648 

.628 

.606 

.482 

3.3 

.0246 

216.66 

1.120 

.996 

.896 

.814 

.747 

.689 

.640 

.614 

.589 

.660 

.640 

.620 

.498 

3.4 

.0264 


1.154 

1.025 

.928 

.889 

.769 


.659 

.632 

.607 

.677 

.666 

.686 

.613 

3.6 

.0261 

228.72 

1.188 

1.066 

.960 

.864 

.792 

.781 

.679 

.661 

.626 

1 

.694 

.672 

.662 

.688 

3.6 

.0269 

235.26 

1.222 

1.086 

.977 

.888 

.814 

.762 

.698 

.669 

' .648 

.611 

.689 

.668 

.643 

3.7 

.0276 

241.79 

1.266 

1.116 

1.004 

.918 

.837 

.778 

.717 

.688 

.661 

.628 

.606 

.688 

.668 

8.8 

.0283 

248.38 

1.289 

1.146 

1.082 

.938 

.860 

.794 

.787 

.707 

.679 

.646 

.621 

.699 

.673 

8.9 

.0291 

264.86 

1.828 

1.176 

1.069 

.968 

.882 

.814 

.766 

.726 

.697 

.662 

.688 

.616 

.638 

4.0 

.0298 

261.40 

1.367 

1.206 

1.086 

.987 


.885 

1 .776 

.744 

.714 

1 

.679 

.664 

.681 

.603 

4.1 


267.98 

1.391 

1.237 

1.113 

1.012 

.928 

.866 

.796 

' .762 

.782 

.696 

.671 

.647 

.618 

4.2 

.0313 

274.47 

1.425 

1.267 


1.037 

.960 

.877 

.814 

.781 

.760 

.718 

.687 

.668 

.633 

4.8 

.0321 

281.00 

1.469 

1.297 

1.167 

1.061 

.978 

.898 

.884 

.800 

.768 

.780 

.703 

.679 

.649 

4.4 

.0828 

287.54 

1.493 

1.827 

1.194 

1.086 

.996 

.919 

.868 

.818 

.786 

.747 

.720 

.694 

.664 

4.5 

.0336 


1.527 

1.867 

1.222 

1.111 

1.018 

.940 

.873 

.837 

.804 

.764 

.786 

1 .710 

.679 

4.6 

.0843 

800.61 

1.661 

1.888 

1.249 

1.186 


.961 

.892 

.866 

.822 

.780 

.762 

■ 1 

.694 

4.7 

.0361 

807.14 

1.696 

1.418 

1.276 

1.160 

1.063 

.981 

.911 

.874 

.889 

.797 

.769 


.709 

4.8 

.0868 

813.68 

1.629 

1.448 

1.803 

1.186 

mwmm 

1.002 

.981 

.893 

.867 

.814 

.786 


.724 

4.9 

.0866 

820.21 

1.668 

1.478 

1.330 

1.209 

1.108 

1.023 

.960 

.911 

.876 

1 .831 

.801 


.739 

6.0 

.0873 

826.76 

1.697 

1.608 

1.367 

1.234 

1.181 

1.044 


.980 

.893 

.848 

.818 


.766 


To find the cost per month of Pumping any Quantity per minute against any Lift—Divide the desired number of U S 
Gallons per minute by 100 and multiply the Quotient by the required Lift and then by the value In the table found 
Opposite the price paid for Power, and Under the combined efficiency of Motor and Pump. 


MMULTm QUA M T I T IB S OF WATSB 
Delivered in M Konzs, in 1 Hour, and in 1 mnnte 


GelloDt in 
24 hours 

(Gallons in 

1 hour 

Gnllona in 

1 min. 

Gallons in 
24 hours 

Gallons in 

1 hour 

Gallons in 

1 min. 

Gallons in 
24 hours 

CSallons in 

1 hour 

Gallons in 
1 min. 

2600000 

104166.0 

1736.0 

650000 

27063.3 

451.3 

150000 

6250.0 

104.1 

2000000 

83333.3 

1388.0 

600000 

25000.0 

416.7 

100000 

4166.6 

69.4 

1500000 

62500.0 

1041.7 

550000 

22916.6 

381.9 

75000 

3125.0 

52.9 

1000000 

41666.6 

694.3 

500000 

20833.3 

347.2 

60000 

2500.0 

41.6 

060000 

39583.3 

659.7 

450000 

18750 0 

312 5 

50000 

2083.3 

34.7 

000000 

37500.0 

625.0 

400000 

16666.6 

277.7 

25000 

1041.6 

17.3 

860000 

35416.6 

590.2 

350000 

14583.3 

243.0 

20000 

833.3 

13.8 

800000 

33333.3 

555.5 

300000 

12500.0 

208.3 

15000 

625.0 

10.4 

760000 

31250.0 

520.8 

250000 

10416.7 

173.6 

10000 

416.6 

6.9 

700000 

29166.6 

486.1 

200000 

8833.3 

138.8 

5000 

208.3 

3.4 


Courtesy of The Deming Company. 


STBOKS8 FOB FZBTOV SPEED OF 100 FEET FEB m EUT E 


Length of Stroke 
Inches 

Number of 
Strokes 

Length of Stroke 
Inches 

Number of 
Strokes 

Length of Stroke 
Inches 

Number of 
Strokes 

4 

300 

12 

100 

24 

50 

5 

240 

14 

86 

26 

46 

6 

200 

16 

75 

28 

43 

7 

172 

18 

67 

30 

40 

8 

150 

20 

60 

36 

33 

10 

120 

22 

55 

40 

30 
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PUMP DATA. 


Useful Information on Pumps and Pipe Lines—Cont 


■OBBTIOA& 


sown POWSB BBQUZBBS TO SATOT WATBB TO 
SOTBSaST BBZOHT8 


TO SELECT PROPER SIZE 
MOTOR FOR YOUR 
PUMP 


Feet 

Elevation 

5 

10 

16 

20 

25 

30 

35 

40 

45 

50 

60 

Gallona 
per Min. 
5 

.006 

.012 

.019 

.025 

.031 

.037 

.044 

.05 

.06 

.06 

.07 

10 

.012 

.025 

.037 

.060 

.062 

.076 

.087 

.10 

.11 

.12 

.15 

15 

.019 

.037 

.056 

.075 

.094 

.112 

.131 

.15 

.17 

.19 

.22 

20 

.025 

.060 

.075 

.100 

.125 

.160 

.175 

.20 

.22 

.25 

.30 

25 

.031 

.062 

.093 

.125 

.156 

.187 

.219 

.26 

.28 

.31 

.87 

30 

.037 

.075 

.112 

.150 

.187 

.225 

.262 

.30 

.34 

.37 

.45 

35 

.043 

.087 

.131 

.175 

.219 

.262 

.306 

.35 

.89 

.44 

.62 

40 

.050 

.100 

.150 

.200 

.250 

.300 

.350 

.40 

.45 

.50 

.60 

45 

.056 

.112 

.168 

.225 

.281 

.837 

.394 

.45 

.51 

.56 

.67 

50 

.062 

.125 

.187 

.250 

.312 

.375 

.437 

.60 

.66 

.62 

.75 

60 

.075 

.150 

.225 

.300 

.375 

.450 

.525 

.60 

.67 

.75 

.90 

75 

.093 

.187 

.281 

.375 

.469 

.562 

.656 

.76 

.84 

.94 

1.12 

90 

.112 

.225 

.337 

.450 

.562 

.675 

.787 

.90 

1.01 

1.12 

1.85 

100 

.125 

.250 

.375 

.500 

.625 

.750 

.875 

1.00 

1.12 

1.25 

1.50 

125 

.156 

.312 

.469 

.625 

.781 

.937 

1.094 

1.25 

1.41 

1.56 

1.87 

150 

.187 

.375 

.562 

.750 

.937 

1.125 

1.312 

1.50 

1.60 

1.87 

2.25 

175 

.219 

.437 

.656 

.875 

1.093 

1.312 

1.531 

1.76 

1.97 

2.19 

2.62 

200 

.250 

.500 

.750 

1.000 

1.250 

1.500 

1.750 

2.00 

2.25 

2.50 

3.00 

250 

.312 

.625 

.937 

1.250 

1.662 

1.875 

2.187 

2.50 

.2.81 

3.12 

3.75 

300 

.375 

.750 

1.125 

1.500 

1.875 

2.260 

2.625 

3.00 

3.87 

3.75 

4.50 

350 

.437 

.875 

1.312 

1.760 

2.187 

2.625 

3.062 

3.50 

3.94 

4.87 

5.25 

400 

.500 

1 000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.00 

4.50 

5.00 

6.00 

500 

.625 

1.250 

1.876 

2.500 

3.125 

3.750 

4.375 

5.00 

5.62 

6.25 

7.60 


Feet 

^evation 

76 

90 

100 

125 

150 

175 

200 

250 

300 

350 

400 

GsUons 
per Min. 

5 

.09 

.11 

.12 

.16 

19 

.22 

.25 

.31 

.87 

.44 

.50 

10 

.19 

.22 

.25 

.31 

.37 

.44 

.50 

.62 

.75 

.87 

1.00 

15 

.28 

.34 

.87 

.47 

.56 

.66 

.76 

.94 

1.12 

1.81 

1.50 

20 

.37 

.45 

.50 

.62 

.76 

.87 

1.00 

1.25 

1.50 

1.75 

2.00 

25 

.47 

.56 

.62 

.78 

.94 

1.09 

1.25 

1.56 

1.87 

2.19 

2.50 

30 

.56 

.67 

.75 

.94 

1.12 

1.81 

1 50 

1.87 

2.25 

2.62 

3.00 

35 

.66 

.79 

.87 

1.08 

1.81 

1.53 

1.76 

2.19 

2.62 

3.06 

3.50 

40 

,75 

.90 

1.00 

1.25 

1.60 

1.75 

2.00 

2.50 

3.00 

8.50 

4.00 

45 

.84 

l.Ol 

1 12 

1.41 

1.69 

1.97 

2.25 

2.81 

8.87 

8.94 

4.50 

50 

.94 

1.12 

1.25 

1.56 

1.87 

2.19 

2.50 

3.12 

8.75 

4.87 

5.00 

60 

1.12 

1.85 

1 50 

1.87 

2.25 

2.62 

3.00 

8.75 

4.50 

5.25 

6.00 

75 

1.40 

1.69 

1.87 

2.34 

2.81 

3.28 

3.76 

4.69 

5.62 

6.66 

7.50 

90 

1.68 

2.02 

2.25 

2.81 

3.37 

3.94 

4.50 

5.62 

6.76 

7.87 

9.00 

100 

1.87 

2.25 

2.50 

3.12 

3.75 

4.37 

5.00 

6 25 

7.60 

8.75 

10.00 

126 

2 34 

2.81 

3.12 

3.91 

4.69 

5.47 

6.25 

7.81 

9.37 

10.94 

12.50 

150 

2.81 

3.37 

3.76 

4.69 

5.62 

6.56 

7.50 

9.37 

11.25 

13.12 

15.00 

175 

3.28 

3.94 

4.37 

5.47 

6.56 

7 66 

8.75 

10.94 

13.12 

15.81 

17.50 

200 

3.75 

4.50 

5.00 

6.25 

7.50 

8.75 

10.00 

12 50 

15.00 

17.50 

20.00 

250 

4.69 

5 62 

6.25 1 

7.81 

9.37 

10.94 

12 50 

15.72 

18.75 

21.87 

25.00 

300 

5.62 

6.75 

7.50 

9.37 

11.25 

13.12 

15.00 

18.75 

22.50 

26.25 

30.00 

350 

6.56 

7.87 

8.75 

10.94 

13.12 

15.31 

17 50 

21.87 

26.25 

30.62 

35.00 

400 

7.50 

9.00 

10.00 1 

12 50 

15 00 

17.50 

20 00 

25.00 

30.00 

35.00 

40.00 

500 

9.37 

11.25 

12.60 

15 62 

18.75 

21.87 

25.00 

31.25 

37 50 

43 75 

60 00 


The theoretical horse power required to elevate wrater is found by multiplyinf the gallons pumped per minute 
the total lift (including friction) in feet, and dividing by 4000. To get the actual horse power required, divide the 
theoretical power obtained from the table above by the efficiency of the pump expressed as a decimal. 


Remember that feet elevation 
given in table includes three dis¬ 
tinct elevations. First, actual dif¬ 
ference in elevation of water to be 
pumped at its lowest point and 
highest point to which water is 
elevated; second, the equivalent of 
vertical feet necessary to overcome 
the friction caused by water 
handled in passing through all the 
line, including suction and dis¬ 
charge lines, the pump itself and all 
obstructions, including elbows, 
bends and gate valves. See Table 
for friction of water in pipes. Fig. 6 
elbows the same as 100 feet of 
straight pipe. Use gate valves in¬ 
stead of globe valve for water 
wherever possible. Use swing 
checks instead of poppet checks; 
third, velocity heads. Ths is usu¬ 
ally so small in mine service as to 
be neglected in calculations. 

To find horse power required 
for a piston power pump, mifitiply 
theoretical horse power shown in 
table by to 2. For triplex pumps 
up to 100 feet multiply by to 2. 
For elevations 100 to 200 feet, 
for elevations 200 to 400 feet, mul¬ 
tiply by 1.4. 

For deep water pumps, multiply 
by 2 to 3. 

For centrifugal pumps, multiply 
by 2 to 214 . 

In centrifugal pumps remember 
that the speed of motor and pump 
should be right for the elevation 
and when speeded too high or put 
on a lower elevation, more water 
will be pumped and much more 
power required. 


BABOKBTBXO FBBSSBBBB 

At DlSatMit AltltadM, with BanlTalmt BmUI of Wotor aBd fbo 
V«rticftl of Pumps 


Altitude 

Barometric 
Pressure 
Lbs. per 

Sq. in. 

Equivalent 
Head of 
Water 
Feet 

Practical 
Suction Lift 
of Pumps 
Feet 

Sea level . 

14.70 

33.95 

25 

% mile (1320 ft.) above sea level.. . 

14.02 

32.38 

24 

% mile (2640 ft.) above sea level... 

13.33 

30.79 

23 

% mile (3960 ft.) above sea level... 

12.66 

29.24 

21 

1 mile (5280 ft.) above sea level... 

12.02 

27.76 

20 

1 % mile (6600 ft.) above sea level... 

11.42 

26.38 

19 

1% mile (7920 ft.) above sea level... 

10.88 

25.13 

18 

2 mile (10560 ft.) above sea level. . 

9.88 

22.82 

17 


Barometric reading: in inches multiplied by 0.4908 equals 
pressure per square inch. 


WATSS COVTSSSZOV TABUS 


1 Miner's inch —cubic feet per minute —11.25 U. S. gallons per minute. 

1 Cubic foot fresh water-62.4 lbs. @ 53® F. — 7.48 U. S. gallons. 

1 Cubic foot sea water —64.3 lbs. approx. 

1 U. S. gallon fresh water—8.33 lbs. @.53® F. — .1134 cubic feet. 

1,000 Boiler'Horse Power @ 30 pounds feed—60 gallons per minute (approx.). 

.41 X U. S. gallons per minute. 


Velocity in feet per second — 


(diameter of pipe in inches) 


One Acre-foot - 325,850 U. S. gallons. 


Theorelical Water Horse Power-” 

3970 (4000 approx.). 

TheoreUcal Water Hor« Power-^^ » h««d in pownda 

Brake Horse Power Wat ^ Horse Power. 

Pump efficiency. 

1,000,000 U. S. gallons per day —695 U. S. gallons per minute. 

500 pounds per hour —1 U. S. gallon per minute. 
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PUMP DATA. ^ 

Useful Information on Pumps and Pipe Lines™Cont 


CAPA0XTXB8 OF BXHOU-ACTZVO TBZPKSX FUMFS 


. Plunger 
nches 


LENGTH OP STROKE IN INCHES. AND CAPACITY PER REVOLUTION IN U. S 

OF SINGLE-ACTING TRIPLEX PUMP WITH GIVEN DIAMETER 

. GALLONS. 


h 

o 

bo 

Is 

• a 



















5 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

24 

eo 

5 

1 

.0102 

.020 


.404 

.051 

.061 

.071 

.082 

.092 


.122 

.143 

.168 

.184 

BHI 

.244 

1 


.0159 

.031 




.095 

.111 

.127 

.143 

.159 

.191 

.223 

.254 

.286 

.318 

.382 



.0229 

mLiLi 



.114 

.137 

.161 

.184 

.206 

.229 

.275 

.322 

.367 

.413 

.459 

.561 


2 

.0408 

.081 

.122 

.163 


.244 

.285 

.826 

.367 


.489 

.571 

.653 

.736 

.816 

.979 

2 

2% 

.0637 

.127 

.191 

.255 

.318 

.882 

.447 

.610 

.574 

.637 

.765 

.894 


1.16 

1.27 

1.63 

2% 

3 

KSEI 

.183 

.276 

.367 

.459 

.550 

.642 

.784 

.826 

.918 

1.10 

1.28 

1.47 

1.65 

1.83 

2.20 

8 

3H 

.1249 

.249 

.374 

.498 

.629 

.749 

.876 

.998 

1.12 

1.25 

1.49 

1.75 


2.24 

2.50 


8H 

4 

.1632 

.326 

.489 

.652 

.816 

.980 

1.14 

1.81 

1.47 

1.63 

1.96 

2.28 

2.62 

2.94 

3.27 

3.92 

4 

4% 

.2066 

.413 

.619 

.826 


1.24 

1.44 

1.65 

1.86 

2.06 

2.48 



3.72 

4.13 

4.96 

4H 

6 

.2550 


.766 

1.02 

1.27 

1.63 

1.78 


2.30 

2.56 


8.67 


4.59 

5.10 

6.12 

6 

6^ 

.8085 

.617 

.925 

1.23 

1.64 

1.86 

2.16 

2.47 

2.78 

3.08 

3.70 

4.82 

4.94 

6.55 

6.17 

7.40 

5H 

6 

.3672 

.734 

1.10 

1.46 

1.83 

2.20 

2.67 

2.94 

3.30 

3.67 

4.40 

6.13 

6.87 


7.35 

8.81 

6 

6^ 

mtEm 

.861 

1.29 

1.72 

2.15 

2.68 

8.02 

3.46 

3.88 

4.31 

5.17 

6.03 

6.89 

7.76 

8.62 

fLKCfl 

6H 

7 

.4998 

.999 

1.49 

1.99 

2.49 

2.99 

3.50 

3.99 

4.50 

6.00 

5.98 

6.99 

7.99 



11.99 

7 

7% 

.6737 

1.14 

1.72 

2.29 

2.86 

3.44 

4.02 

4.58 

5.16 

6.74 

6.88 

8.03 

9.17 

Qjjljil 

iJlQl 

13.77 


8 

.6528 

1.30 

1.95 

2.61 

3.26 

3.91 

4.67 

5.22 

.587 

6.53 

7.83 

9.14 

10.44 

11.74 

13.06 

15.66 

8 

8H 

.7369 

1.47 

2.21 

2.84 

3.68 

4.42 

5.16 

5.90 

6.62 

7.37 

8.84 

gtiieiiB 

11.77 

13.24 

14.73 

17.68 

8H 

9 

.8262 

1.65 



4.18 

4.96 

6.78 

6.61 

7.43 

8.26 

9.91 

11.66 

13.22 

14.87 

16.52 

19.83 

9 




2.76 

3.68 


6.52 

6.46 

7.86 

8.28 

9.20 

imia 

12.88 

14.72 

16.67 

18.40 


9H 

10 

Duijji 

IJ&jil 


4.08 

6.10 

6.12 

7.14 

8.16 

9.18 


12.24 

14.28 

16.32 

18.36 


24.48 

10 

11 

1.234 

2.46 

3.70 

4.93 

6.17 

7.40 

8.64 

9.87 

11.10 

12.34 

14.81 

17.28 

19.74 

22.21 

24.68 

29.62 

11 

12 

1.468 

2.93 

4.40 

5.87 

7.84 

8.81 

10.28 

11.76 

13.21 

14.69 

17.62 


23.50 

26.42 

29.38 

35.25 

12 

18 

1.723 

8.44 

6.17 

6.89 

8.61 

iiiRia 

12.06 

18.78 

15.51 

17.24 


ifitfl 

27.67 


84.47 

41.86 

18 

14 

1.998 

8.99 

6.99 

7.99 

9.99 

11.98 

18.99 

16.99 

17.99 

19.98 

23.97 

27.97 

31.97 

36.96 

39.96 

47.95 

14 

15 

2.293 

4.68 

6.88 

9.17 

11.46 

18.74 

16.05 

18.34 

20.64 

22.94 

27.52 

32.11 

36.79 

41.28 

46.87 

56.04 

16 

16 

2.610 

5.22 

7.83 

10.44 


15.66 

18.27 

20.88 

23.49 

26.10 

31.82 

36.64 

41.76 

46.98 

52.20 

62.64 

16 

17 

2.947 

5.89 

8.84 

11.79 

14.74 

17.69 


23.58 

26.63 

29.47 

36.37 

41.25 

47.16 


68.95 

70.76 

17 

18 

8.303 

6.60 

9.90 

13.21 

16.62 

19.82 

23.12 

26.42 

w^wkk’m 


89.64 

46.24 

52.85 

59.46 


79.27 

18 

19 

8.682 

7.36 

11.04 

14.72 

18.41 


26.78 

29.46 

33.14 

36.82 

44.19 

61.55 

58.91 

66.28 

78.64 

88.37 

19 

20 

glliKIiB 

mwim 

12.24 

16.32 



28.56 

32.64 


FTilWiB 


67.12 

65.28 

73.44 

89.76 

97.92 

20 


note:—T o find capacity of Slngrle-Acting Qulntuplex Pumps, multiply results in above table by 6/8. 

Courtesy of The Aldrich Pump Co. 


XITFUT KOB8B FOWSB nCBBSAmT AT VABZOUS SFFZCZBVCZBS 
(Fnnip and Motor Combined) 


Water H. P. 
Desired 




COMBINED EFFICIENCY—MOTOR 

AND 

PUMP- 

—PER 

CENT 





Desired 
Water H. P. 

40 

45 

60 

65 

60 

66 

70 

78 

74 

76 

78 

80 

82 

84 

86 

38 


1 

2.6 

2.2 

2.0 

1.8 

1.7 

1.6 

1.4 

1.4 

1.4 

1.3 

1.3 

1.8 

1.2 

1.2 

1.2 

1.1 

1.1 

1 

2 

6.0 

4.4 

4.0 

8.6 

3.3 

3.1 

2.9 

2.8 

2.7 

2.6 

2.6 

2.6 

2.4 

2.4 

2.3 

2.3 

2.2 

2 

8 

7.6 

6.7 

6.0 

6.4 


4.6 

4.3 

4.2 

4.1 

3.9 

3.8 

3.8 

3.7 

8.6 

8.6 

3.4 

3.8 

8 

4 

10.0 

8.9 

8.0 

7.2 

6.7 

6.2 

6.7 

6.6 

6.4 

6.8 

6.1 

5.0 

4.9 

4.8 

4.7 

4.6 

4.4 

4 

6 

12.6 

11.1 

10.0 


8.3 

7.7 

7.1 

6.9 

6.8 

6.6 

6.4 

6.3 

6.1 

6.0 

6.8 

6.7 

6.6 

6 

10 

26.0 

22.8 

20.0 

18.2 

16.7 

15.4 

14.3 

18.9 

13.6 

13.1 

12.8 

12.5 

12.2 

11.9 

11.6 

11.4 

11.1 

10 

20 

60.0 

44.4 

40.0 

86.4 

33.8 

30.8 

28.6 

27.8 

27.0 

26.3 

26.7 

25.0 

24.4 

28.8 

23.8 

22.7 

22.2 

20 

30 

76.0 

66.7 

60.0 

64.6 

HliK!] 

46.2 

42.8 

41.7 

Kl'lCJ 

39.6 

38.5 

37.6 

36.6 

85.7 

84.9 

84.1 

88.8 

80 

40 

100.0 

88.9 

80.0 

72.7 

66.7 

61.6 

67.2 

65.6 

54.1 

52.6 

61.3 

50.0 

48.8 

47.6 

46.6 

46.4 

44.4 

40 

60 

126.0 

111.2 

100.0 


83.3 

77.0 

71.6 

69.4 

67.6 

65.8 

64.2 

62.6 

61.0 

69.5 

68.2 

66.8 

66.6 

60 

60 

160.0 

138.8 

120.0 

109.1 


92.8 

86.7 

88.8 

81.1 

79.0 

76.9 

76.0 

78.2 

71.4 

69.8 

68.2 

66.7 

60 

70 

176.0 

165.5 

140.0 

127.3 

116.7 

■tilrilrl 


97.2 

94.6 

92.2 

89.7 

87.6 

86.3 

83.3 

81.4 

79.6 

77.8 

70 

80 

200.0 

177.7 

160.0 

145.4 

133.3 

123.1 

114.3 

111.2 

UiLH 

106.3 

102.6 

100.0 

97.6 

95.8 

98.1 

90.8 

88.9 

80 

90 

226.0 

200.0 

180.0 

163.6 


138.6 

128.6 

125.0 

121.6 

118.6 

115.3 

112.6 

109.7 

107.2 


102.8 


90 

100 

260.0 

222.2 


181.8 

166.7 

168.7 

142.8 

188.9 

135.1 

131.6 

128.2 

125.0 

121.9 

119.1 

116.8 

108.7 

111.2 

100 

125 

312.6 

277.6 

250.0 

227.8 

208.5 

192.3 

178.6 

178.6 

168.8 

164.3 

160.3 

156.2 

152.4 

148.8 

145.3 

142.0 

188.9 

126 

150 

876.0 

333.2 


278.0 

250.0 


214.5 

EilK 


197.4 

192.3 

187.6 


178.6 

174.4 

170.4 

166.7 

150 

176 

437.6 

888.8 

850.0 

318.0 

291.5 



m r iR) 

236.7 

KMiBI 

224.5 

218.5 

213.6 

208.6 

203.6 

198.8 

194.4 

176 

200 

600.0 

444.0 

400.0 

364.0 

333.0 


286.0 

Bn Jti 



257.0 



238.0 

238.0 

227.0 

222.0 

200 

225 

663.0 


450.0 


375.0 

346.0 

321.7 

818.0 


296.0 

288.0 

281.0 


268.0 


266.0 

250.0 

226 

250 

625.0 

556.0 

500.0 

454.0 

417.0 


857.0 

847.0 

388.0 

329.0 

321.0 

313.0 

305.0 

298.0 

291.0 

284.0 

278.0 

260 

SOO 

750.0 

667.0 


546.0 

■dtliMtl 


428.0 

417.0 

KliLJfil 

395.0 

885.0 

376.0 

366.0 

857.0 

349.0 

841.0 

838.0 

800 

850 

875.0 

778.0 


687.0 

583.0 

538.0 

500.0 

487.0 

478.0 

461.0 

448.0 

438.0 

M rvMij 

417.0 


898.0 

389.0 

860 

400 

1000.0 

889.0 

800.0 

727.0 

667.0 

616.0 

578.0 

656.0 

641.0 

527.0 

613.0 


Mlrultil 

477.0 

466.0 

464.0 

444.0 

400 

450 

1126.0 



818.0 

760.0 

692.0 

648.0 

625.0 



677.0 

663.0 

549.0 

536.0 


611.0 


460 

500 

1 

1260.0 

1112.0 

1000.0 

908.0 

883.0 

770.0 

716.0 

694.0 

676.0 

658.0 

641.0 

1 

626.0 

610.0 

696.0 

682.0 

668.0 

566.0 

600 


MINING CATALOG 


SECTION IX 


Digitized by i^ooQie 




































































































































































4 M 


PUMP DATA. 


Useful Information on Pumps and Pipe Lines—Cont 


IMPORTANCE OF CONSIDERING THE FRICTION OF WATER 

IN PIPES 

In estimating: the total head aaainst which a s:lven quantity of water Is to be de¬ 
livered particular attention Is called to the importance of considering the friction of 
water in pipes, elbows and valves. In writing for estimates the length and size of 
suction and discharge pipes, and the number of tees, ells and valves must be griven. 

The importance of uslne large enough pipes thereby saving power is Illustrated 
as follows: 500 gallons delivered per minute through a 4-inch pipe (see friction 
table) means a friction head of 170.53 feet for each 1.000 feet of pipe; the same 
quantitv delivered through an 8-inch pipe produces a friction head of but 5.64 feet 
per each 1.000 feet of pipe. 

FBZCTZOV OF WATSB XV WVOUOST AVD CAST IBOV FIPBS 


Mctloml beids it ff?en rttes of dlschine lo cleia wroutht Iron pipe. (fns!de Dlim.) foreich too feet of lengto 


i t 

**■5 
D S 

^ D 

“SS 

D 

K In. Pipe 

1 In. Pipe 

l}( In. Pipt 

114 In. Pipe 

2 In. Pipe 

2)4 In. Pipe 

8 In. Pipe 

Fi'iction hd 

Friction hd 

Friction hd 

Friction hd 

Friction hd 

Friction hd 

Friction lid 

Feet 

I.bs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 1 Lbs. 

Feet 

Lbs. 

6 

10 

15 

90 

9.S 

80 

85 

40 

45 

60 

75 

100 

195 

150 

175 

900 

950 

400 

450 

500 

7900 

14400 

91600 

98800 

86000 

48900 

50400 

67600 

64800 

72000 

1080DO 

144000 

180000 

916000 

952000 

288000 

860000 

482000 

504000 

576000 

648000 

720000 

7.6W 

2P.90 

66.01 

115.92 

8 8u 
18.00 
28 70 
60.40 

1 98 
10 26 
16.06 
28.29 
48.70 
68.25 
85.10 
110.40 

.84 

8.16 

6.98 

12.80 

19.00 

27.50 

87.00 

48.00 

71 
2.41 
6.47 
9.86 
14.72 
21 04 
28.62 
87.03 
46.46 
57.27 

.81 

1 05 

2 88 
4.07 
6.40 
9.15 

12.40 
16 10 
20.20 
24 90 
66.10 

.27 .12 
1 os; .47 
2.28! .97 
8.81 1.66 
K OQ 0 A9 











1.18 
2.09 
2 76 
8.68 

4 60 

5 61 
12.23 
21 75 
84 27 
48 76 
64 63 
86.25 

.51 
.91 
1.20 
1.60 
2.00 
2.44 
6 82 
0.46 
14 90 
21.20 
28.10 
87.60 




8.62 

11.61 

14.99 

18.74 

28.00 

51.52 

89.70 

8.75 
5.06 
6.52 
8.15 
10.00 
22.40 
89 00 



1.10 
1.49 
1 86 
4 14 
7.86 
11 24 
16.10 
21.75 
28.68 
45.21 
64.58 

.62 
.65 
.81 
1 80 
8.20 
4.69 
7 00 
0 46 
12.47 
19.66 
28.06 

'“'.SO 
1.70 
8.01 
4.67 
6 55 
8.85 
11.54 
17 84 
25.76 
84.96 
44.85 
67.60 
70 84 

.85 
.74 
1.81 
1.96 
2 85 
8.85 
6.02 
7.76 
11.20 
15.20 
19.50 
25.00 
80.80 











129.00 
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Frictional beads at cifco rates of disebarte In clean cast Iron pipes for each 1 

000 feet of 

encth. 

J,E 

p * 

- 

oH 

•>•51 

D 

4 In. Pipe 

5 In. Pipe 

6 In. Pipe 

8 In. Pipe 110 In. Pipe 

12 In. Pipe 

14 In. Pipe 

Friction hd 

Friction hd 

Friction hd 

Friction hd ’Friction hd 

Friction hd 

Friction hd 

Feet 

I«bt. 

Feet 

Lbs. 

Feet 

Lbz. 

Feet 

Lbn. 

Feet 

Lbs. 

Feet 

Lbs 

Feet 

Lbs. 

50 

)00 

195 

150 

900 

950 

800 

400 

500 

600 

700 

600 

900 

1000 

1900 

1400 

1600 

1800 

9000 

9500 

8000 

8500 

4000 

4500 

72000 

144000 

180000 

916000 

288000 

860000 

482000 

516000 

72000O 

864000 

1008000 

1152000 

1200000 

1440000 

1728000 

2016000 

880400(1 

9509000 

2880000 

860(X>i0 

4820000 

6040000 

5760000 

6480000 

2.01 
7.86 
12.19 
16.05 
28 09 
48.47 
62 20 

109.68 

170.68 

.87 

8 19 
6 8.. 
6 95 
12.17 
18 88 
26.94 
47.60 
78.87 

.67 
2.61 
4 07 
5.86 
10.82 
16.24 
28.40 
42.52 
64.90 
90 20 
126.90 

.29 
1.14 
1.77 
2 84 
4 48 
7 08 
10.20 
18.62 
28.20 
89.80 
55.10 

.82 
1.U8 
1 68 
2 28 
8.02 
6.00 
8.62 
14 89 
23.01 
82.89 
44.54 
67.95 
78.12 
90.05 

.14 
.47 
.78 
.09 
1.70 
2.60 
8 69 
6 45 
0 97 
14 25 
19.08 
25.10 
81 67 
88 99 

i.oi 
1 62 
2 13 
8 68 
5 64 
8.08 
10 88 
14.05 
17 68 
21 74 
81 10 
42 13 
64.81 
69.22 
85.27 

.44 
.66 
.92 
1 59 
2.44 
8.48 
4.69 
J6.08 
7 69 
9 41 
13.47 
18 25 
23.75 
29 08 
86 03 







’ 75 
1.27 

1 98 

2 72 
8 66 
4.78 
5 98 
7 28 

10 88 
14 02 
18 22 
22 96 
28 2.5 
43 87 
62 92 

.82 
.55 
.84 
1.18 
1 58 
2.05 
2.57 

8 15 
4.50 
6 07 
7.89 

9 95 
12 34 
19 00 
27.25 





.81 

1 14 
1.62 
1.06 

2 45 
8.00 
4 26 
6 74 
7.44 
9 86 

ll.f.O 
17 82 
2.5.51 
34.58 

. .85 

.49 
.66 
.85 
1.06 
1.80 
1 85 
2.49 
8 22 
4 06 
6.00 
7 72 

.40 
.66 
.78 
.04 
1.17 
1 43 
2.02 
2.72 
8 51 

4 41 

5 41 
8.X5 

.17 

.24 

.82 

.41 

51 

62 

.88 

1 18 

1 52 

1 01 

2 84 

8 62 

6 17 

6 90 

9 10 

11 47 


. 













































11 11 QA 









14 98 

16 14 
21 CO 
26 49 

















. 







Frictloml fceads it tl?ce rites of dlschirte la clem cm Irog ptpei for ckIi I OOP feet ol lemh. 


i4 

c^S 

P 

16 In. Pipe 

18 In. Pipe 

20 In. Pipe 

24 In. Pipe 

80 In, pipe 

86 In, Pipe 

42 In. Pipe 

Friction hd 

Friction hd 

Friction hd 

Friction hd 

Friction hd 

Friction hd 

Friction hd 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbs. 

Feet 

Lbz. 

500 

72U00U 

.22 

.09 


. 











1000 

1440000 

.76 

.84 

.44 

.19 











1500 

2160000 

1.68 

.71 

.98 

.40 

.66 

.24 









9000 

2880000 

9.28 

1 22 

1.60 

.69 

.96 

.42 

.41 

.18 







9500 

8600000 

4.84 

1.88 

9.45 

1.06 

1.47 

.64 

.62 

.27 







8000 

4820000 

6.19 

2 68 

8 48 

1.51 

2.09 

.00 

.87 

.88 

.80 

.18 





‘8500 

504O000 

8.87 

8.68 

4.70 

9.08 

2.81 

1 22 

1 16 

.60 

.40 

17 





4000 

5760000 

10.87 

4.7i 

6 09 

2.64 

8 64 

1 58 

1.60 

.65 

.52 

.22 





4500 

6480000 

18.70 

5.98 

7 67 

8.82 

4.58 

1.08 

1 88 

82 

.64 

.28 





6000 

7200000 

16.85 

7.80 

9.48 

4.06 

5 62 

2 48 

2.8) 

1 00 

.78 

.84 

.88 

.14 



6000 

8640000 



18.49 

6.84 

8 08 

3.48. 

8 28 

1 42 

1 11 

.48 

.46 

.20 



7000 

10060000 





10.86 

4.71 

4.43 

1.92 

1 49 

.65 

.62 

.27 



8000 

11520(X)0 







6.75 

2.49 

1.98 

.84 

.80 

.85 



9000 

12960000 







7.25 

8 14 

2.48 

1.05 

1.00 

.43 



10000 

14400000 









2 98 

1.29 

1.28 

.58 

.68 

.27 

liooto 

15840000 









8.59 

1.55 

1.47 

.64' 

.76 

.88 

1^ 

17280000 









4 25 

1.84 

1 74 

.75 

.91 

.40 

1^ 

18720000 









4 97 

2.15 

2 OS 

.88 

1 09^ 

.47 

14000 

20160000 









6.76 

2.49 

2 85 

1.02 

1.25 

.54 

16000 

21600000 









6 58 

2.85 

2 69 

1.17 

1.43 

.62 

16000 

28040000 









8 04 

1 82 

1 62 

!71 

17000 

24480000 





!!!! 1 



..... 



8 48 

1 49 

1.84 

.80 

18000 

25920000 











8 88 
4 71 

1.66 

2.07 
2 55 

90 

90000 

28800000 









. 


2.04 

i.ii 


FRICTION FACTORS 


The gradual roughening of the 
interior of pipe is one of the most 
familiar phenomena of water-piping 
systems. It is also one of the most 
difficult to compute, as it depends 
upon a number of different factors, 
the most important of which is the 
nature of the water carried. In a 
general way it may be said that in 
a series of years, which is not long 
compared with the total life of the 
pipe, the roughening of the inner 
surface and the reduction of the 
area through rusting and tubercula- 
tion reach such an extent that twice 
as much head is consumed in send¬ 
ing a given volume of water 
through it as was the case when the 
pipe was new. 

All known coefficients of friction 
are based on the delivery of water 
much purer than mine water, usu¬ 
ally on that supplied by city water 
works for domestic purposes. It is 
reasonable to expect greater loss of 
heads in piping systems handling 
acid and impure mine waters than in 
ordinary hydraulic service. 

The figures given herewith are 
taken for clean new pipe and there¬ 
fore cannot hold exactly for pipe 
systems after they have been in use 
sometime, especially in handling 
mine water. As a general rule, the 
factors 1.5, 2 and 3 may be used to 
multiply the figures given in the 
tables to get the correct figures for 
old pipes, very rough pipes and 
badly tuberculated pipes, respec¬ 
tively. The engineer will have to 
use his judgment as to condition 
that exists or may exist in the 
future. 

Hydraulic Tables by Williams 
and Hazen may be consulted for 
obtaining concise information when¬ 
ever needed. 
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PUMP DATA. ^5 


Useful Information on Pumps and Pipe Lines—Cont. 


PUMP RULES 


The mean pressure of the atmosphere is usually 
estimated at 14.7 pounds per square inch, so that 
with a perfect vacuum it will sustain a column of 
mercury 29.9 inches, or a column of water 33.9 
feet high at sea level. 

To find the pressure in pounds per square inch 
of a column of water, multiply the height of the 
colunm in feet by .434. Approximately, we say 
that every foot elevation is equal to % pound pres¬ 
sure per square inch; this allows for ordinary 
friction. 

To find the diameter of a pump cylinder to move 
a given quantity of water per minute (100 feet of 
piston being the standard of speed), divide the 
number of gallons by 4, then extract the square 
root, and the product will be the diameter in inches 
of the pump cylinder. 

To find quantity of water elevated in one minute 
running at 100 feet of piston speed per minute: 
Square the diameter of the water cylinder in inches 
and multiply by 4. Example: Capacity of a 5-inch 
cylinder is desired. The square of the diameter 


(6 inches) is 25, which, multiplied by 4, gives 100, 
the number of gallons per minute (approximately). 

To find the horse power necessary to elevate 
water to a given height, multiply the weight of the 
water elevated per minute in pounds by the height 
in feet, and divide the product by 33,000 (an allow¬ 
ance should be added for water friction, and a 
further allowance for loss in steam cylinder, say 
from 20 to 30 per cent). 

The area of the steam piston, multiplied by the 
steam pressure, gives the total amount of pressure 
that can be exerted. The area of the water piston, 
multiplied by the pressure of water per square 
inch, gives the resistance. A margin must be made 
between the power and the resistance to move the 
pistons at the required speed—say from 20 to 40 
per cent., according to speed and other conditions. 

To find the capacity of a cylinder in gallons. 
Multiplying the area in inches by the length of 
stroke in inches will give the total number of cubic 
inches; divide this amount by 231 (which, is the 
cubical contents of a U. S. gallon in inches), and 
product is the capacity in gallons. 


ooMVAma*m tabu ot rm oapaoitibs 

WwBBL'ton of UmmllMt Tipom BqiilTal^nt to Oso iMrgor 

With the same velocity of flow, the volume delivered by two pipes of different sizes Is proportional to the squares of thehr 
diameters. With the same head or pressure, however, the velocity Is less In the smaller pipe and the volume delivered varies 
about as the square root of the 6th power. The table Is calculated on this basis, the flares In each column showing the number 
of pipes of the slse at the head of that column, equivalent In capacity to one pipe of the corresponding sizes given in side columns. 


Snwtller Pipes, Diameters. Inches 


Large 

Pipe, 

Diam., 

Ins. 




Smaller Pipes, Diameters, Inches 


16 


18 20 


Large 

Diam. 

Ins. 


2 

3 

4 

5 


5.7 

15.6 

32.0 

55.9 


Number to Give Same Capacity as One Large Pipe 


Number to Give Same Capacity as One Large Pipe 


2.8 

5.7 

9.9 


2.1 . 

3.6 1.7 


2 

3 

4 

5 


6 

7 

8 
9 


88.2 

130 

181 

243 


15.6 

22.9 

32.0 

43.0 


5.7 

8.3 

11.7 

15.6 


2.8 

4.1 

5.7 

7.6 


1.6 

2.3 

3.2 

4.3 


1.5 

2.1 

2.8 


1.4 

1.9 


1.3 


6 

7 

8 
9 


10 

11 

12 

13 


316 

401 

499 

609 


55.9 

70.9 
88.2 

108 


20.3 

25.7 

32.0 

39.1 


9.9 

12.5 

15.6 
19.0 


5.7 

7.2 

8.9 

10.9 


3.6 

4.6 

5.7 
7.1 


2.4 

3.1 

3.8 

4.7 


1.7 
2.2 

2.8 
3.4 


1.3 

1.7 

2.1 

2.5 


1.3 . 

1.6 . 

1.9 1.2 


10 

11 

12 

13 


14 733 

15 871 

16 
17 


130 

154 

181 

211 


47.0 

55.9 

65.7 

76.4 


22.9 

27.2 
32.0 

37.2 


15.6 

18.3 

21.3 


8.3 

9.9 

11.7 

13.5 


5.7 

6.7 
7.9 
9.2 


4.1 

4.8 

5.7 

6.6 


3.0 

3.6 

4.2 

4.9 


2.3 

2.8 

3.2 

3.8 


1.5 

1.7 

2.1 

2.4 


1.2 

1.4 

1.6 


1.2 


14 

15 

16 
17 


18 

20 

72 

24 


243 

316 

401 

499 


82.2 

115 

146 

181 


43.0 

55.9 

70.9 
88.2 


24.6 
32.0 

40.6 
50.5 


15.6 
20.3 

25.7 
32.0 


10.6 

13.8 
17.5 

21.8 


7.6 

9.9 

12.5 

15.6 


5.7 4.3 
7.4 5.7 
9.3 7.2 
11.6 8.9 


2.8 

3.6 

4.6 

5.7 


1.9 

2.4 

3.1 

3.8 


1.3 .. 18 

1.7 1.3 20 

2.2 1.7 1.3 22 

2.8 2.1 1.6 24 
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PUMP DATA. 


Useful Information on Pumps and Pipe Lines—Coni 


WATEB HSAO IN FEET AND EQUIVALENT PBBSSUBB IN 
POUNDS PEB SQUABE INCH 
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Sb 


Wb 


Sb 
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i-s! 
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1 



> u 


9 a 


p a 

! 

p a 

i 

p & 


p & 


cr 


a 


O' 

1 

c 

1 

cr 


H 


H , 

H 

1 

j 

W 

1 

H 

1 

0.43 

64 

27.72 

127 

55.01 

189 

81.87 

1475 

638.68 

2 

0.86 

65 

28.16 

128 

55.44 

190 

82.30 

1500 

649.50 

8 

1.80 

66 

28.58 

129 

55.88 

191 

82.73 

1525 

660.33 

4 

1.73 

67 

29.02 

130 

66.31 

192 

83.17 

1550 

671.16 

5 

2.16 

68 

29.46 

131 

56.74 

193 

83.60 

1675 

681.98 

6 

2.69 

69 

29.88 

132 

67.18 

194 

84.03 

1600 

692.80 

7 

3.08 

70 

30.82 

133 

67.61 

196 

84.47 

1625 

703.63 

8 

3.46 

71 

30.76 

134 

68.04 

196 

84.90 

1650 

714.45 

9 

8.89 

72 

31.18 

136 

58.48 

197 

86.33 

1675 

725.28 

10 

4.83 

78 

31.62 

136 

58.91 

198 

86.76 

1700 

736.10 

11 

4.76 

74 

32.05 

137 

59.34 

199 

86.20 

1726 

746.93 

12 

6.20 

75 

32.48 

138 

69.77 

200 

86.60 

1760 

757.75 

18 

6.63 

76 

32.92 

139 

60.21 

226 

97.43 

1776 

768.68 

14 

6.06 

77 

33.36 

140 

60.64 

250 

108.25 

1800 

779.40 

16 

6.49 

78 

33.78 

141 

61.07 

276 

119.08 

1826 

790.23 

16 

6.93 

<9 

34.21 

142 

61.51 

300 

129.90 

1850 

801.05 

17 

7.86 

80 

34.65 

143 

61.94 

325 

140.73 

1875 

811.88 

18 

7.79 

81 

35.08 

144 

62.37 

350 

151.55 

1900 

822.70 

19 

8.22 

82 

35.62 

145 

62.81 

376 

162.38 

1925 

833.63 

20 

8.66 

83 

35.95 

146 

63.24 

400 

173.20 

1950 

844.36 

21 

9.09 

84 

36.39 

147 

63.67 

426 

184.03 

1976 

866.18 

22 

9.68 

85 

36.82 

148 

64.10 

460 

194.86 

2000 

866.00 

28 

9.96 

86 

37.25 

149 

64.54 

476 

205.68 

2025 

876.83 

24 

10.39 

87 

87.68 

150 

64.97 

600 

216.60 

2060 

887.66 

26 

10.82 

88 

38.12 

161 

66.40 

626 

227.33 

2075 

898.48 

26 

11.26 

89 

38.65 

152 

65.84 

550 

238.16 

2100 

909.30 

27 

11.69 

90 

38.98 

153 

66.27 

676 

248.98 

2125 

920.13 

28 

12.12 

91 

39.42 

154 

66.70 

600 

259.80 

2150 

930.95 

29 

12.65 

92 

39.85 

155 

67.14 

625 

270.63 

2175 1 

941.78 

30 

12.99 

93 

40.28 

156 

67.57 

650 

281.45 

2200 

962.60 

81 

13.42 

94 

40.72 

157 

68.0 

676 

292.28 

2225 

963.43 

82 

13.86 

95 

41.16 

158 

68.43 

700 

303.10 

2250 

974.25 

88 

14.29 

96 

41.68 

159 

68.87 

726 

313.93 

2275 

985.08 

84 

14.72 

97 

42.01 

160 

69.31 

760 

324.76 

2300 

995.90 

36 

16.16 

98 

42.46 

161 

69.74 

775 

335.58 

2325 

1006.73 

36 

16.69 

99 

42.88 

162 

70.17 

800 

346.40 

2350 

1017.66 

87 

16.02 

100 

43.31 

163 

70.61 

825 

357.23 

2376 

1028.38 

88 

16.45 

101 

43.75 

164 

71.04 

850 

368.05 

2400 

1039.20 

89 

16.89 

102 

44.18 

165 

71.47 

876 

378.88 

2426 

1050.03 

40 

17.32 

103 

44.61 

166 

71.91 

900 

389.70 

2450 

1060.86 

41 

17.76 

104 

45.06 

167 

72.34 

926 

400.53 

2476 

1071.68 

42 

18.19 

105 

45.48 

168 

72.77 

950 

411.36 

2600 

1082.50 

43 

18.62 

106 

46.91 

169 

73.20 

976 

422.18 

2525 

1093.33 

44 

19.06 

107 

46.34 

170 

73.64 

1000 

433.00 

2560 

1104.16 

46 

19.49 

108 

46.78 

171 

1 74.07 

1026 

433.83 

2676 

1114.98 

16 

19.92 

109 

47.21 

172 

' 74.50 

1060 

454.65 

2600 

1125.80 

47 

20.86 

110 

47.64 

173 

74.94 

1075 

465.48 

2626 

1136.63 

48 

20.79 

111 

48.08 

174 

75.37 

1100 

476.30 

2650 

1147.45 

49 

21.22 

112 

48.51 

176 

76.80 

1125 

487.13 

2675 

1158.28 

60 

21.66 

113 

48.94 

176 

76.23 

1150 

497.95 

2700 

1169.10 

61 

22.09 

114 

49.88 

177 

' 76.67 

1176 

1 

608.78 

2725 

1179.93 

62 

22.62 

115 

149.81 

178 

1 77.10 

1200 

619.60 

2760 

1190.76 

63 

22.96 

116 

1 60.24 

179 

77.63 

1225 

530.43 

2775 

1201.68 

64 

28.39 

117 

50.68 

180 

-77.97 

1250 

641.25 

2800 

1212.40 

66 

23.82 

118 

61.11 

181 

78.40 

1 

1275 

552.08 

2825 

1223.23 

66 

24.26 

119 

51.64 

182 

78.84 

1300 

562.90 

2850 

1234.05 

67 

24.69 

120 

61.98 

183 

79.27 

1326 

673.73 

2875 

! 1244.88 

68 

25.12 

121 

52.41 

184 

79.70 

1350 

584.55 

2900 

1255.70 

59 

26.66 

122 

52.84 

185 

80.14 

1376 

595.38 

2925 

1266.53 

60 

26.99 

123 

63.28 

186 

80.67 

1400 

606.20 

2950 

1277.36 

61 

26.42 

124 

63.71 

187 

81.0 

1425 

617.08 

2976 

1288.18 

62 

26.86 

126 

64.n 

188 

81.43 

1460 

627.86 

3000 

^1299.00 

68 

27.29 

126 

64.U 

I 

1 





8TANDABD WBOUOKT PIPE* 
DlxnenBiona, Tlireads, Araaa and Weiglita 






0) 

■ 04-* 


Diaeter. Inches 
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C s o 

0-* 




0 S3 

e-g 


d 




A 

O' 


Nom¬ 

inal 

Inside 

1 

Actual 

u 

Lgth. of 
feet Thi 
Inches 

d” 

C s 


®V£ 

Outside 1 Inside 

1 1 

Num 

Thin 

Inch 

Inter 

Area 

Incln 


Surff 

Weig 

per 

Foot 


% 

.405 

.269 

27 

.19 

.057 

170.388 

.24 

% 

.540 

.364 

18 

.29 

.104 

125.916 

.42 

% 

.675 

.493 

18 

.30 

.191 

92.964 

.67 


.840 

.622 

14 

.39 

.304 

73.692 

.85 


1.050 

.824 

I 1 

14 

.40 

.633 

65.620 

1.13 

1 

1 

1.315 

1 

1.049 

11% 

1 

.51 

.864 

43.692 

1.68 

iv* 

1.660 

1.380 1 

11% 1 

.54 1 

1.495 

33.204 

2.27 

1^ 

1.900 

1.610 I 

11% 

.55 I 

2.036 

28.464 

2.71 

2 

2.375 

2.067 

11% 

.58 , 

3.355 

22.164 

3.65 

2^ 

2.875 

2.469 

8 ' 

.89 

4.788 

18.564 

5.79 

3 

3.500 1 

3.068 

8 1 

.95 1 

7.393 

14.940 

7.57 

3% 

4.000 

3.547 

8 

1.00 

9.886 

12.912 

9.11 

4 

4.500 

4.026 

8 

1.06 

12.730 

11.376 

10.79 

4% 

5.000 

4.506 

8 

1.10 

15.947 

10.164 

12.64 

5 

5.563 

5.047 

8 

1.16 

20.006 

9.072 

14.61 

6 

! 6.625 

6.065 

1 8 

1.26 

1 28.891 

7.548 

18.97 

7 

7.626 

1 7.023 

1 8 

1.36 

1 38.738 

6.516 

1 23.54 

8 

8.626 

7.981 

1 8 

1.46 

50.027 

5.736 

28.55 

9 

9.625 

8.941 j 

8 

1.57 

62.786 

5.124 

33.91 

10 

10.750 1 

10.020 1 

1 8 1 

1.68 

78.856 

4.572 

40.48 

11 

11.760 ' 

11.000 

8 

1.78 

95.033 

4.164 

45.56 

12 

1 12.750 

12.000 

8 

1.88 

113.097 

3.816 

49.56 

13 

1 14.000 

13.250 

8 

2.09 

137.881 

3.456 

54.57 

14 

15.000 

14.250 

8 

2.10 

159.487 

3.216 

68.57 

15 

16.000 

15.250 

8 

2.20 

182.656 

170.388 

62.58 


•Goodman Mining Handbook. 


EXTBA STBONG WBOUGKT PIPE* 
Dimenaiona, Araaa and Weifflita 


Diameter, Inches 

Internal 

Area, Square 
Inches 

Length Con¬ 
taining One 
Square Foot 
of Internal 
Surface, Feet 

Length Con¬ 
taining One 
Cubic Foot, 
Feet 

Weight, Lbs. 
per Lineal 
Foot 

Nom¬ 

inal 

Inside 

Actual 

Outside 

j Inside 

% ' 

.405 ^ 

.215 

.036 

213.192 

3966.39 

.314 

% 

.540 

.302 

.072 

151.776 

2010.29 

.535 

% 

.675 I 

.423 

.141 

108.360 

1024.69 

.738 

% 

.840 

.546 

.234 

83.940 

616.02 

1.087 

% 

1.050 

.742 

.433 

61.764 

333.02 

1.473 

1 

1.315 ' 

.957 

.719 

47.892 

200.10 

2.171 

1% 

1.660 1 

1.278 

1.283 

35.856 

112.26 

2.996 

1% 

1.900 

1.500 

1.767 

30.552 

81.49 

3.631 

2 

2.375 

1.939 

2.953 1 

1 

23.628 

48.77 

5.022 

2% 

2.875 

2.323 

4.238 1 

19.728 

33.98 

7.661 

3 

3.500 

2.900 

1 6.605 

15.804 

21.80 

10.252 

3% 

4.000 

3.364 

8.888 

13.620 

16.20 

12.505 

4 

4.600 

3.826 

1 11.497 

11.976 

12.53 

14.983 

4% 

6.000 

1 4.290 

1 14.455 

10.680 

9.96 

i7.611 

5 

5.563 

4.813 

18.194 

9.516 

7.92 

20.778 

6 

6.625 

1 5.761 

26.067 

7.966 

5.52 

28.573 

7 

7.625 

1 6.625 

34.472 

6.912 

4.18 

38.048 

8 

8.625 

7.626 I 

45.663 

6.000 

3.15 

43.388 

9 

9.625 

8.625 

58.426 

5.304 

2.46 

48.728 

10 

1 10.750 

1 9.750 

74.662 

4.692 

1.93 

54.735 

11 

11.750 

10.750 

90.763 

4.260 

1.59 

60.075 

12 

1 12.750 1 

1 

1 11.750 1 

1 

108.434 

1 3.900 

1 1.33 

1 65.415 


•Goodman Mining Handbook, 
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PUMP DATA. \Yl 


Useful Information on Pumps and Pipe Lines—Cont 

FLOW OF WATER IN PIPES 

From '*Book of Standards," (National Tube Company) 191t Edition, Pages 277, 278, and 279. 


The quantity of water, discharged through a 
pipe depends on the head. If the discharge occurs 
fr^Iy into the air, this head is the difference in 
level between the surface of the water in the reser¬ 
voir and the center of the discharge end of the 
pipe; if the lower end of the pipe is sub¬ 
merged, the head is the difference in ele¬ 
vation between the two water levels. The 
discharge for a given diameter depends 
also upon the len^h of the pipe, upon the 
character of its interior surface as to 
smoothness and upon the number and 
sharpness of its bends. 

llie head, instead of being an actual 
distance between levels, may be caused by 
pressure, as by pumping, in which case the 
head is calculated as a vertical distance 
corresponding to the pressure, 1 pound 
per square inch being equal to 2.309 feet 
head, or 1 foot head being equal to a press¬ 
ure of 0.433 pound per square inch. 

The total head operating to cause flow 
is divided into three parts: (1) the 
velocity head, which is the height through 
which a body must fail in a vacuum to ac¬ 
quire the velocity with which the water 
flows in the pipe. This is equal to 
V* 2 g, in which v is the velocity in feet 
per second, and 2g = 64.32. (2) The 

3ntry head, which is required to overcome 
the resistance to entrance to the pipe. 

With sharp-edged entrance the entry head 
equals about one-half of the velocity 
head; with smooth, rounded entrance the 
entry head is inappreciable; (3) the fric¬ 
tion head, due to the friction^ resistance 
to flow in the pipe. 

In ordinary cases of pipes of consider¬ 
able length the sum of the entry and 
velocity heads scarcely exceeds one foot; 
in the case of long pipes with low heads it 
is so small that it may be neglected. 

When the flow becomes steady, the 
pipe is entirely filled throughout its 
length, and hence the mean velocity at 
any section is the same as that at the end, 
when the size is uniform. This velocity 
is found to decrease as the len^h of the 
pipe increases, other things being equal, 
and becomes very small for great Tenths, 
which shows that nearly all the head has 
been lost in overcoming the resistances. 

The length of the pipe is measured along 
its axis, following all the curves, if there 
be any. The velocity considered is the mean 
velocity, which is equal to the discharge divided 
by the area of the cross section of the pipe. The 
actual velocities in the cross section are greater 
than this mean velocity near the center and less 
than it near the interior surface of the pipe. 

The object of the discussion of flow in pipes is to enable 
the discharge which will occur under given conditions to be 
determined, or to ascertain the proper size which a pipe 
should have in order to deliver a given discharge. The 
subject cannot, however, be developed with the defi.niteness 
which characterizes the flow from orifices and weirs, partly 
because the condition of the interior surface of the pipe 
greatly modifies the discharge, partly because of the lack 
of experimental data, and partly on account of defective 
theoretical knowledge regarding the laws of flow. In 
orifices and weirs errors of two or three per cent may be 


regarded as large with careful work; in pipes such errors 
are common and are generally exceeded m most practical 
investigations. 

It fortunately happens, however, that in most cases of 
the design of systems of pipes errors of five and ten per 
cent are not important, although they are of course to be 


avoided if possible, or, if not avoided, they should occur on 
the side of safety. 

Quantity of Water Discharged 

The quantity of water which flows through a 
pipe is the product of the area of its cross section 
and the mean velocity of flow. That is, 

Q = av, 

in which Q is the quantity discharged in cubic feet 
per second, a is the area in square feet and v is the. 
velocity in feet per second. 

For U. S. gallons per second multiply by 7.4806 

For U. S. gallons per minute multiply by 448.83 

For U. S. gallons per hour multiply by 26929.9 

For U. S. gallons per 24 hours multiply by 646317. 

The diagram above gives the discharge in 
gallons per minute when the velocity in the pipe 
line is Imown. - 
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FORMULAS FOR PUMPS AND PIPING 


TO FIND 

GIVEN 

FORMULAS 

1 — Pressure in lb. per sq. in. = P 

Head in ft. = H 

P = Hx 0.433 

2—^Head in feet = H 

Pressure in lb. per sq. in. = P 

H = P X 2.312 

3—^Horsepower required to raise wa¬ 
ter (theoretical) 

Gals, per min. = G 

Head in ft. = H 

GxH 

HP — 

33,000 

4—^Volume of water discharged by 
pipe (neglecting bends and 
friction) 

Internal diam. of pipe in in. = D 

Head in ft. = H 

Length of pipe in yds. = L 

/D^H“ 

Gals, per min. = v- 

L 

5—^Theoretical capacity of single- 
acting pump 

Area of ram in sq. in. = A 

Stroke in in.==S 

No. of strokes per min. = N 

AxSxNx62.6 

Gals, per min. =- 

1728 

6 — Diam. in in. of single-acting pump 
to deliver given number of gals, 
per stroke 

Gal. per stroke = G 

Stroke in feet = S 

/ 31G 

Diameter of pump = v- 

s 

(Allowing 6 per cent, waste) 

7 — Feet head lost by friction in 
pipes = F 

Gal. per min. = G 

Length of pipe in yds. = L 

Internal diam. of pipe in in. = D 

G»xL 

F =- 

(3D)» 

8 — ^Approx, weight of water in verti¬ 
cal pipes in lb. = W 

Internal diam. of pipe in in. = D 
Length of pipe in yds. = L 

W = D»xL 

9 —^Thickness of cast-iron pipes in 
in. = T 

Internal diam. of pipe in in. = D 
Pressure in lb. per sq. in. = P 

DxP 

T— +0.3 

4000 

10—Delivery per stroke of single- 
acting pump. 

Diam. of plunger in in. = D 

Stroke in feet = S 

D*xS 

Gal. delivered per stroke =-- 

31 

(Allowing 5 per cent, waste) 

11—Speed of water through pipes in 
ft. per sec. 

Area of pipe in sq. in. = A 

Discharge in cu. ft. per min. = F.P.M. 

F. P. M.X2.4 

Velocity ft. per sec. =-^- 

12—^Velocity in ft. per sec. due to 
head = V 

H = Head 
g = 32.2 = Gravity 

V= V'2firH 

18.—Head from velocity 


V* 

H — 


2g 

14—Imperial gallons 

Cubic feet = C 

Imperial gallons = Cx62.5 

IS—Cubic feet 

Gallons (Imperial) =G 

Cubic feet = Gx0.16 


Q. S. Burrows in American Machinist. 1912. 


Useful Figures and Formulae—Water 


1 cubic foot of water =. 62.3791 lbs. 

1 cubic inch of water =.03612 lbs. 

1 gallon of water =. 8.338 lbs. 

1 gallon of water =. 231. cubic in. 

1 cubic foot of water =. 7.476 gallons 

1 pound of water =. 27.7 cubic in. 

P=pressure per lbs. per sq. in.P=Hx .4336 

H = head of water in feet.H=Px2.307 

Pressure per square foot =.Hx 62.425 


The above data are calculated for distilled water at 40 
degrees Fahrenheit. 

To compute the horse-power necessary to raise water to 
any height: Multiply the gallons per minute by 8.33. Mul¬ 
tiply this product by the feet lift. The result is foot-pounds. 
Divide by 33,000 to reduce to horse-power per minute. (An 
allowance of 25 per cent should be made for friction, etc.) 

To compute the capacity of pumping engines, multiply 
the area of the water piston, in inches, by the distance it 
travels, in inches, in a given time. The product divided by 
231 gives number of gallons in time named. 

To find the capacity of a cylinder in gallons, multiply the 
area, in inches, by the length of stroke, in inches, which will 
give the total number of cubic inches; divide this product 


by 231 (which is the cubical contents of a gallon in inches), 
and quotient is capacity in gallons. Ordinary speed to run 
pumps is 100 feet of piston travel per minute. 

To find quantity of water elevated in one minute, running 
at one hundred feet of piston travel per minute, square the 
diameter of water cylinder and multiply by 4. Example: 
If the capacity of a 5-inch cylinder is desired, the s^are 
of the diameter (6 inches) is 26, which, multiplied by 4, 
gives 100, which is gallons per minute (approximately). 

To find the diameter of a pump cylinder to move a g^iven 
quantity of water per minute (100 feet of piston travel 
being the speed), divide the number of gallons by 4, then 
extract the square root, which will be the required diameter 
in inches. 

To find the velocity in feet per minute necessary to dis¬ 
charge a given volume of water in a given time, multiply 
the number of cubic feet of water by 144, and divide the 
product by the area of the pipe in inches. 

To find the area of a required pipe, the volume and 
velocity of water being given, multiply the number of cubic 
feet of water by 144, and divide the product by the velocity 
in feet per minute. The area being found, it is easy to get 
the diameter of pipe necessary. 

—American Steam Pump Company. 
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TS cn. FT. or FBEB AZB AND WONNZNO FBBBSirBS BBOVZBBD TO NAZSS 1 OAD. OF WATER BT AZB DZFT 


Vrr- 

Los 


L 

- H = Submersence in Feet. 

H-h34 L=: Lift in Feet. 

- X 292.5 

34 


Ft. Lb. = Workins Power = Submergence x 0.4465 + 7 Lbs. 
V r= Volume of Free Air per Gallon in Cubic Feet. 


Rfktlo of BaTimergenco to Lift 



25 Per Cent 


1 33 Per Cent 

43 Per Cent 

1 50 Per Cent I 


65 Per Cent I 
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1 66 Per Cent I 

70 Per Cent 
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; 
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1 2Vi — 
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Free Air, 

Cu. Ft 
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1 
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Free Air, 

Cu. Ft. 

Working 

Pressure 

Horsepower 

Free Air, 

Cu. Ft. 

Working 

Pressure 

Horsepower 


free Air, 

Cu. Ft. 

Working 

Pressure 

Horscpowei 

Id 

Working 

Pressure 

Horsepower 

Free Air, 

CiL Ft. 

Working 

Pressure 

1 

i 

0 

cs 

b. b 

Working 

Pressure 

Horsepower 






1 

1 



1 

, 1 

1 

, 1 



0.29 

18 

.017 

0.25 

20 

.016 

0.20 

25 

.015 

0.17 

29 

.014 

Ul 

U C9 

20 








1 


0.34 

161 

.018 


0.32 

24 

.023 

0.28 

27 

.022 

0.23 

34 

.021 

0.20 

40 

.021 

0 ^ 

30l 










0.38| 

20 

.024 


0.35 

29 

.029 

0.31 

34 

.029 

0.26 

43 

.028] 

10.23 

52 

.028 


40 










0.411 

25 

.031 











1 



. . 














< 

0.38 

35 

.036 

0.34 

40 

.035 

0.29 

1 52 

.035: 

;0.26 

63 

.032 


50 










0.441 

29 

.036 

CA 




• 



















UJ 

0.41 

40 

.042 

0.37 

1 47' 

1.042: 

:0.32 

61 

1.038 

‘0.28* 

74 

.037 


60 










0.471 

34 

.043 

* 




. 



! 1 

















0.46 

52 

.056 

:0.42 

6l‘ 

.050 


78 

.049 

0.33* 

96 

.050 

Ul 

CO' 

80 

100 










0.52 

0.58 

43 

52 

.056 

.071 








|0.36 





< 







0.68 

40 

.070] 














1— 

<A 















C.51 

63 

.062 

0.47 

74 

.062 

0.41 

96 

.062 

0.37 

119 

1.062 

e 














............. 





87* 








£ 

120 







0.73 

47 

.084 

;0.63 

61 

.075 


0.56 

74 

.074 

0.52 


.075 

|0.46 

114 

.076 

0.42 

141 

.076 


140 







0.79 

54 

.099: 

:0.68 

70 

.087 


0.61 

85 

.0871 

0.56 

1011 

087 

0.50 

132 

.088 

0.46 

163 

.089 


160 







0.84 

61 

.100 

0.73 

78 

.099 


C.66 

96 

.100 

0.60 

114 

.099 

0.54 

150 

.101 

0.50 

186 

.103 


180 







0.88 

67 

.1101 

0.77 

88 

.111 

Ul 

C0 

0.70 

108 

.112 

0.65 

127 

.112 

0.58 

168 

.114 

0.54 

208 

.109 

............. 

200 

1.44 

37 

.141 

1.15 

52 

.141 

0.93 

74 

.123 

0.82 

96 

.124 

t/i 

0.74j 

119 

.124 

0.69 

1 

141 

1 

.125 

0.62 

186 

.127 

0.58 

230 

.121 


250 

1.57 

44 

.172 

:lV27 

63 

.154 

1.05 

91 

.154 

0.92 

119 

.154 

0 

0.86 

147 

1 

. 159 ' 

0.79 

174 

.158: 

:0.72 

230 

.151 

0.67 

286 

.152 


300 

1.69 

521 

.207 

•1.40 

74 

.186 

1.20 

107 

.191 

1.03 

141 

.187 


0.96* 

174 

.192 

0.89 

208 

.179 

I0.8I 

275 

.181 

0.76 

342* 

.184 


350 

1.82 

59 

.241 

:1.50 

85 

.213 

1.31 

124 

.224 

1 

1.16 

1 

163 

.225 


1.05 

2021 

^.1 

.209 

0.98 

241 

1 

.209 

|0.89 

320 

.211 

0.84 

1 

398 

.214 


400 

i.'96 

"66 

.244 

i.63| 

96 

.246 

1.38 

141 

.250 

1.23 

186' 

.253 


i.i'il 

230 

.2381 

1.08 

275 

.241 

10.98 

364 

.242 

0.93 

453 

1.247 

Ul 

450 

2.08 

74 

.276 

1.74 

107 

.277 

1.48 

157 

.282 

:1.33 

208 

.267 


1.231 

258 

.269 

1.17 

308| 

.272 

1.07 

409 

.275 

1.02* 

509 

.282 

CO 

< 

500 

2.19 

82 

.306 

1.86 

119 

.312 

1.561 

174| 

.312 

:1.43 

230 

.299 


1.32 

286 

.299 

1.26 

342 

.304 

1.15 

453 

.306 

1.09 

565 

.308 


550 

2.30 

88 

.333 

1.96 

130 

.342 

1.68 

191 

.349 

;1.52 

253 

.329 


1.42 

328 

.338 

1.34 

375 

.334 

1.25 

1 

498 

.343 

1 




UJ 

600 

2.41 

96 

.364 

2.05 

141 

.372 

:1.78 

208 

7358 

1.61 

275 

.360 

Ul 

1.51 

342 ' 

.365 

1.42 

409 

.365 

1.31 

543 

.369 




BB 

650 

2.52 

104 

.396 

2.18 

152 

.409 

:1.87 

226 

.388 

1.74 

297 

.400 

< 

1.61 

370 

.400 

1.52 

442 

1.401 

1.391 

587 

.402 





700 

2.64 

111 

.428 

2.27 

163 

.441 

:1.96 

240 

.416 

1.81 

320 

.427 

►- 

CA 

1.68 

3981 

.428 

1.60 

476 

1.432 

1.47 

632 

.435 





750 

2.76 

119 

.463 

2.37 

174 

.473 

!2.06 

258 

.450 

1.88 

342 

.454 

1.78 

425| 

.463 

1.66 

509 

.458 

1.55 

677 

.468 





800 

I 2.88 

126 

.496 

2.47 

186 

.508 

:2.15 

275 

.480 

1.97 

364 

.486 

UJ 

1.86 

453 

.494 

1.75 

543 

.493 

1.65 

721 

.507 





850 

2.97 

133 

.524 

2.571 

1971 

.542 

;2.24 

292 

.512 

2.06 

387 

.519 

Be 

X 

1.93 

481 

.523 

1.82 

576 

.5231 

1.70 

766 

.533 





900 

3.07 

141 

.557 

:2767 

208 

'.’537 

2.33 

308 

.542 

2.14 

409 

.550 


2.00 

509 

.552 

1.86 

610 

.544 

1.77 

811 

.564* 





950 

3.18 

149 

.591 

:2.76 

219 

.566 

2.40 

325 

.567 

2.22 

431 

.579 


2.08 

536 

.584 

1.99 

643 

.591 

1.85 

855 

.599j 





1000 

3.28 

156 

.622 

:2.86 

230 

.598 

2.77 

342 

.609 

2.31 

453 

.614 


2.171 

565 

1 

.618 

2.06 

677 

.622 

1.93 

900 

.634 






Sullivan Machinery Company’s Catalog. 


FZFB'^ 


Nominal Inside diameter. 


% 

B 

1% 

1% 

2 

2% 

3 

3% 

B 

4% 

6 

Pipe outside dlam., inches. 

.840 

1.050 

1.315 

1.660 

1.9 

2.375 

2.875 

3.5 

4.0 

4.5 

5. 

5.563 

weight, per ft. lbs. 

.837 1 

1.115 

1.668 

2.244 ! 

2.678 

3.609 

5.739 

7.636 

9.001 

10.665 

12.34 

14.608 

Threads, per inch. 

14 

14 

11V4 

11% 

11% 

11% 

8 

8. 

8 

8 

8 

8 

Fittings, lbs. per 100. 













Bushings, C. I. 

5 

12 

25 

40 

55 

73 

106 

165 

125 

300 

350 

400 

Caps, Malleable. 

14 

22 

32 

56 

76 

120 

194 

300 

315 

445 


740 

Cocks, all Iron. 

125 

150 

250 

500 

750 

1150 

2000 

3000 

4300 

6700 


12400 

Crosses, C. I. 

70 1 

100 1 

150 

238 

350 

530 

786 

1100 

1550 

2150 

2700 

3000 

Elbows, Cast. 

40 

55 

93 

162 

192 

318 

500 

700 

920 

1260 

1600 

2100 

Elbows. 45* Cast. 

37 1 

55 

84 

138 

196 

284 

440 

660 

850 

1126 

1450 

1660 

Flange Unions. Cast. 

175 

225 

270 

390 

520 

612 

940 

1200 

1476 

1725 

2140 

2525 

Plugs .1 

10 

16 

29 

41 

52 

93 

149 

189 

283 

296 

460 

670 

Reducers . 

18 

25 

35 

67 

87 

145 

260 

400 

550 

676 

1000 

1325 

Tees, Cast. 

53 

81 

122 

200 

268 

430 

650 

1000 

1325 

1780 

2330 

2620 

Union Couplings, Malleable... 

48 

76 

95 

125 1 

147 

263 

400 

500 

781 

881 



“Valves, Brass Gate. 

117 

173 

264 

358 

513 

804 

1310 

1800 



1. 


“ I. B. Gate. 






3300 

3700 

4700 

6000 

7400 

1 8900 

9700 

“ Brass Globe. 

94 

147 

236 

350 

490 

752 

1116 

1840 

2280 

3025 

“ I. B. Globe. 






2500 

3000 

4200 

1 5500 

1 6800 

1 8000 

11400 


^NOTEl—In above table pipe Is Standard W. I. and fittings are screwed.) 
Courtesy Fraser & Chalmers Co. 


Economical velocity of water forced through 
pip»e 4 ft. per second approximately. 

Economical velocity of compressed air forced 
through pipe 26 ft. to 60 ft. per second approxi¬ 
mately. 

Economical velocity of steam forced through 
pipe 100 ft. per second approximately. 


Doubling the diameter of a pipe increases its 
capacity four times. Friction of water in pipes in¬ 
creases with the square of its velocity. 

To find the pressure of any number of square 
inches for a column of water, multiply the height 
of the column in feet by .434. 
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PUMP DATA, 


Flow of Water in Second-Feet, and Velocity in Feet per Secmd in Wood Stave Pipe in Good Ckmdition 
Havinfi' Ordinary Smooth Alignment and Profile Based on the Formula* 


7.68 V»» 


H = friction head per 1,000 feet. 
V = velocity in feet per second, 
d = diameter of pipe in inches. 


feS .^ || Frktioo head. In feet, per 1,000 feet lencUi of pipe 

II I 0-^ II II »•« II <>•» II o-« II 0-? II «•» II o-» II i-o II II 

11 q. I V. II 0. I V. II Q. I T. II ft. I T. II ft. I V. II ft. I V. II I I V. II ft. I T. II ft. | V. || ft. | T. || ft. | V. 



18.7 3.81 20.0 

22.2 3.98 23.7 

26.1 4.14 27.9 

30.4 4.30 32.4 

35.0 4.44 37.4 

40.1 4.60 42.9 

45.7 4.75 48.8 

51.7 4.90 55.2 

58.1 5.03 62.1 


SOM 72.5 5.32 77.4 

52ll 80.4 5.4511 85.9 
5lh 88.9 5.59|( 94.9 
56: 97.9 5.72 105 


6.01 125 
6.36 162 
6.75 203 

7.11 252 

7.46 306 
7.79 368 

8.12 436 

8.46 5J^^ 

8.77 596 
9.09 688 
9.40 788 


39.7 I 5.0411 


5.5311 73.7 


5.40 I 31.1 
5.64 I 37.0 


6.52 66.8 7.65 

6.73 76.0 7.90 

6.94 85.9 8.13 

7.14 96.7 8.38 

7.34 108 8.60 


4tl.l 

7.79 

54.3 

8 . 6 II 

57.1 

8.08 

63.2 

8.94! 

65.9 

8.37| 

73.0 

9.27| 

75.6 

1 8.661 

83. •j” 

9^^ 

86.0 

8.94 

95.1 

9.89 


8.94! 68.9 9.75, 74.2 10.5 

9.27i 79.5 lO.l I 85.6 10.9 
91.1 110.4 II 98.1 |11.2 


68.1 10.8 71.2 11.4 

79.2 11.2 84.0 11.9 

91.4 11.6 96.9 12.S 

105 12.0 . 

119 12.4 . 


5.68 82.1 

5.82 91.1 

5.97 101 
6.14 111 


6.37 133 
6.82 171 
7.18 216 
7.59 267 

7.95 325 
8.33 390 
8.67 462 
9.02 543 


6.0211 92.9 
6.18|1103 

6.35II114 

6.49 1125 
6.65|| 1.38 

6.77 151 
7.20 194 
7.64 1244 
8.05 |302 

8.44 367 
8.83 141 
9.19 523 
9.57 614 


6.81 103 7.55 121 8.87 

6.98 |ll4 7.73 134 9.09 

7.17 !126 7.92 148 9.30 

7.31 1139 8.13 163 9.53- 

7.52'|l52 8.2 S|!i79 9.75 

1 " i| i 

7.69 167 8.501 195 1 9.93 

8.17 215 9.05| 252 10.6 

8.63 270 9.55 317 11.2 

9.10 1.334 10.1 1|392 |ll.8 


II 


Friction h:*ad, 

in 

feet, per 1,000 feet length of pipe 

s-zil 12.5 II 

Cl «=! 

15.0 II 


17.5 11 20.0 II 25.0 II 30.0 

1 

1 Q- I V. II 

ft- 1 V. 11 

0- 

1 V. II Q. 1 V. i| Q, 1 V. II Q. 1 V. 


4.63 I 0.99 5.04 

5.59 I 2.13 6.10 

~6T7 I 3.84 '7.04 

7.28 6.23 7.93 

8.05 9.38 8.77 

8.81 13.4 9.60 


108 558 
114 644 
120 738 


9.37 632 9.93 715 

9.71 |729 10.3 825 
10.0 1835 10.6 945 


1 8.55 

1 16.8 

1 9.5l| 

18.2 

I 1 O .3 

1 9.17 

; 22.1 

| 10.1 I 

24 1 

Ill.O 

9.77 

1 28.5 

lin,8 1 

31.1 1 

111.8 

10 3 

1 35.9 

111.4 1 

39.1 

|12.4 

:io.9 

i 44 4 

12.0 I 

.1 


111.4 

1 54.0 

112.6 1 . 

|.... 


1.07 5.45 
2.29 6 56 
4.14 7.59 
6.71 8.54 
10.1 9.45 

14.4 10.3 
19.7 11.1 
26.0 11.9 

33.4 12.7 


1.21 6.16] 1.34 6.82 

2.59 7.421 2.87 8.22 

4 . 69 s.edPsT 18 ' 9.50 

7.60 9.68 8 . 40(10 7 

11.4 10.7 12.6 11.8 
16.3 11.7 18.0 12.8 
22.2 12.6 . 
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*From Hydraulic and Excavation Tables, Fifth Edition. United 
States Reclamation Service, Department of the Interior. 
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THE AMERICAN WELL WORKS 


General Office and Works. Aurora, Ill. 

Chicago Office: First National Bank Bldg. 

Manufacturers of 

^^Amcrican^^ Centrifugal and Deep Well Plunger Pumps; Well, 
Blast Hole and Prospecting Drilling Machines and Tools 








permitting them to be readily raised out of the way 
when blasting and to be lowered as required. These 
pumps may be mounted in special frames with com¬ 
bination horizontal and vertical motors for operat¬ 
ing in inclined shafts. 

Mine Station Pumps 

The ^eat simplicity and com¬ 
pact design of “American” centri¬ 
fugal pumps, combined with their 
high efficiency and great reliabil¬ 
ity, make them particularly suited 
to every requirement of a mine sta¬ 
tion pump. They are made in any 
size and for any head the condi¬ 
tions require. They may be made, 
on special order, with special bear¬ 
ings for operating in an inclined 
position. 

Power Plant Pumps 

“American” power plant pumps 
are made in any style or capacity, 
and for any head the conditions re¬ 
quire. 

“American” Drilling Machines 

“American” deep well, blast hole, 
and rotary drilling machines are 
built in over fifty styles and sizes 
to meet every requirement of ma¬ 
chines for these purposes. 

Engineering Department 

An engineering department with 
long experience in the mining field 
is at your disposal. Complete vertical _sinking 
data with your first letter helps 
them to advise with you and 
does not obligate the inquirer. 

Catalogues 

At your request catalogues of 
Single or Multi-Stage Centri¬ 
fugal Pumps, Deep Well 
Plunger Pumps, Deep Well 
Turbines, Drilling Ma¬ 
chines, or Double Suc¬ 
tion Centrifugal Pumps, 
will be gladly for¬ 
warded. 


Two-Stage Centrifugal Min¬ 
ing Pump for High Heads 


Multi-Stage Centrifugal 
Pump 


Products 

High and low head volute and turbine centrifu¬ 
gal pumps, for every purpose, including mine 
sinkers, sump pumps; mine station pumps, acid 
pumps, drainage pumps, water works pumps, power 
plant pumps, feed water pumps; 
Deep Well Plunger pumps, single 
acting, double acting and two 
stroke; Deep Well Earth and Rock 
Drilling Machines; Deep Blast Hole 
Drilling Machines; Rotary Drilling 
and Coring Machines; complete 
line of Earth and Rock Tools. 


Deep Well 


Turbine 


Centrifugral Pump, Belt 
Drive 


“American” Centrifugal Pumps 
These pumps are made in about 
twenty standard types, including 
both horizontal and vertical styles, 
each in a complete line of sizes, 
and for any form of drive or with 
any power. These include both 
volute and turbine designs to meet 
the widest possible range of condi¬ 
tions. We design and build special 
types of pumps to meet unusual 
conditions, including those for 
handling gritty water or a large 
quantity of solid matter and special 
pumps for handling acids and 
chemicals. Centrifugal 
pumps are made in any 
number of stages required 
to handle water under any 
practical pumping lift. 


Mine Sinker Pumps 

“American” mine shaft 
sinking centrifugal pumps 
are made in both single 
and multiple stage balanc¬ 
ed units mounted in steel 
frames with electric mo¬ 
tors and designed to be 
supported either to the 
shaft frame or suspended 
by cable from the surface. 


Double Suction Centrifugal 
Pump 


Sinking 

Pump 

for 

Inclined 

Shafts 
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THE ALDRICH PUMP COMPANY. 


THE ALDRICH PUMP COMPANY 

General Offices and Works 

ALLENTOWN, PENNA., U. S. A. 

District Offices 

30 Church Street, New York City 809 Keenan Building, Pittsburgh, Pa. 

McCormick Building, Chicago, Ill. Mills Building, El Paso, Texas 

636 Real Estate Trust Building, Philadelphia, Pa. 205 Seaman Building, T^ilsa, Okla. 

Electric and Power Mine Pumps 


Products 

Pumps—Electric and Power for Mine Service, 
General Water Supply, Portable Gathering, Sink¬ 
ing, Main Station and Acid Resisting. 

Vertical Quintuplex Pump 

The pump illustrated in Fig, 117 is suitable for 
main service stations where it is desired to pump a 
large quantity of water against a high head. It is 



Fie. 117 (Code—Haxjy) 


built in capacities ranging from 500 to 4000 gals, per 
min. against 500 ft. head, to 1800 gals, per min. 
against 1000 ft. head. Ask for Pump Data 35. 

Vertical Triplex Pump ‘Wdrange” Group 

Fig. 185 illustrates one of our “Ydrange” Pumps. 
These pumps are so designed that each outfit is good 
for operation against a wide range of lifts, at vari- 



Flgr. 185 (Code—Kaxun) 

ous capacities, by means of a simple change in 
plungers or gearing. This type of pump is especially 
suitable for mine service although also adaptable to 
general requirements. It is built in sizes ranging 
from 10 to 500 gals, per min. and suitable for heads 
up to 2300 feet. Pump Data 60 gives full particulars. 


Horizontal Triplex Pump 

Fig. 127 illustrates a high speed tyi>e of hori¬ 
zontal triplex, operating at about 100 R. P. M. and 
geared for use with high speed motor. Capacities 



Fltr. 127 (Code—Dyjyr) 


range from 50 to 250 gals, per min. against heads 
up to 200 ft. 

When the water is acidulous we recommend fit¬ 
ting pumps with our special cement lined water-end, 
together with bronze lined throats and glands, lead 
covered or brass cased plungers, or if the water con¬ 
tains considerable grit, with chilled iron plungers. 

Pump Data 51 describes this type. 

Triplex Sinking Pump 

Fig. 118 shows our electric driven direct geared 
Triplex Sinking Pump for operating in vertical 
shafts. This pump is equipped with specially de- 



Plg. 118 (Code—Gygar) 


signed sling, permitting the raising and lowering of 
pump, thus giving access to the motor and all work¬ 
ing parts. Gears are enclosed in steel casing and 
motor covered with a steel hood to protect it from 
drip in the shaft. Capacities 50 to 300 gals, per 
min. against 350 ft. head. Send for Pump Data 44 
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Divided Water End Vertical Triplex 

This type of pump is recommended where a large 
• amount of water is to be pumped against a compara¬ 
tively low lift. Fig. 170 has herringbone gearing, 
outboard standard and flexible coupling, making a 


Fig. 170 (Code—Edajk) 

very smooth operating and efficient drive and per¬ 
mitting large speed reduction. Capacities are from 
350 to 1800 gals, per min. against 100 ft. head, to 
350 to 1200 gals, per min. against 350 ft. Pump 
Data 41 gives full particulars. 

Horizontal Quintuplex Pump 

The pump illustrated in Fig. 500 is built for deep 
mine station work and is especially desirable where 
headroom is low. The mechanical advantage of the 
quintuplex type of pump is very pronounced on this 




Figr. 600 (Code—Obwea) 

service, the strains being distributed throughout the 
mechanism in a uniform and regular manner, 
thereby lessening shocks and preventing undue 
wear. These pumps are built in capacities from 200 
to 1500 gals, per min. and to pump against heads up 
to 2300 ft. Ask for Pump Data 62. 


Pot Chamber Type Vertical Triplex 

The pumps illustrated in Fig. 164 are built in 
large capacities and for pumping against lifts up to 
1000 ft. The valves are contained in separate and 



Fig. 164 (Code—Jaabs) 


interchangeable chambers and the pumps are very 
strongly constructed, while all parts are easily 
accessible. 

Send for Pump Data 48. 


Portable Triplex Pump 

Fig. 155 illustrates one of our Portable Hori¬ 
zontal Triplex Pumps desired especially for pump¬ 
ing out mine sumps and dips. On account of their 



Fig. 166 (Code—Dyjza) 


compactness they are particularly suitable for con¬ 
ditions where headroom and floor space are limited. 

Being mounted on truck, they can be readily 
moved from place to place as required. 

They are described in Pump Data 51. 


Aldrich Pumps are in Operation in Mines Everywhere 

Our Engineering Service is at all times at your disposal. Write us giving particulars of your require¬ 
ments. We will be pleased to give you the benefit of our wide experience in solving mine pumping 
problems. 
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ALLIS-CHALMERS MANUFACTURING COMPANY. 


454 PUMPS. 

Allis-Chalmers Manufacturing Company 

MILWAUKEE, WISCONSIN 

For Branch Offices and Other Products, See Page 168 

Complete Centrifugal Pumping Units 




Products 

Specialists in the selection, design and manu¬ 
facture of centrifugal pumps and centrifugal pump¬ 
ing units for most any service, among which as 
applying to the mining, metal and quarry industry 
can be enumerated the following: Mine Drainage; 
Tank Service; Unwatering Service; Mill Water 
Supply; Fire Pumps; Boiler Feed Pumps; Condens¬ 
er Pumps; Spray Pumps; Jacket and Cooling 
Water Pumps; Slimes, Concentrates, Tailings and 
Sludge Pumps; Hydraulic Sluicing and Wash 
Pumps. For Power and Electrical Equipment see 
pages 168 and 169. 



Motor Driven Type S Pumps in Typical 
Pumping Station 


Service 

Careful consideration of your pumping problem, 
the selection of the most suitable pump and drive 
of our own manufacture (undivided responsibility), 
the pumps designed for high efficiency, and eco- 



Motor Driven Multistage Mine Sinking Pump 
on Shop Test 

nomically produced ready for quick delivery, a 
careful shop test before shipment, make up a serv¬ 
ice which insures the buyer pump satisfaction. 



High Lift All Bronze Mine Drainage Pump 


Combined Units 

The Allis Chalmers Manufacturing Company 
make a specialty of combined units consisting of 


SECTION IX 


pump and motive power of their own manufacture 
as the best way to give purchasers a complete unit 
with both pump and drive properly proportioned. 
“Complete units of undivided responsibility” have 
proven the most reliable and economical in service. 



Motor Driven Type S Mill Water 
Supply Pump 

Types of Pumps 

The types of pump manufactured as standards 
are: The Single Stage Type “S”, built in sizes from 
1^-in. discharge to 24-in. discharge with capacities 
ranging from 30 g.p.m. to 20,000 g.p.m. and good 



Allis-Chalmers Pumps in a Power House 


for heads up to 200 ft. in the larger sizes; the Multi- 
Stage Type “ST”, built in sizes ranging from 2V^ 
to 14-in. and for normal heads up to 500 ft., ^- 
though we are prepared to build multistage pumps 
for considerably higher heads. 


Rubber Lined Sand, Slimes, Tailings and Sludge Pumps 

Catalogue 

When in the market for pumps of any descrip¬ 
tion send for our catalogue. 
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AURORA PUMP & MFG. COMPANY. _ PUMPS. 

AURORA PUMP & MFG, COMPANY 

Home Office and Factory: AURORA, ILL. 

Chicago Office: 37 West Van Buren St. New York Office: 152 Chambers St. 

Manufacturers of 

Centrifugal and Deep Well Pumps 


Products 

Centrifugal Pumps for every service; Deep Well 
Turbine Centrifugal Pumps; Deep Well Plunger 
Pumps. 

Aurora Pumps 

These pumps are the result of more than a 
quarter-century of practical experience in the de¬ 
signing and building of centrifugal and deep well 
pumping machinery. 

Tests 

Operating tests and results from present in¬ 
stallations prove that Aurora pumps are highly 
efficient and dependable. 


Engineering Service 

Our engineers are specialists in all hydraulic 
questions and solicit the privilege of solving your 
pumping problems. 



Type PMD, Multi-Stage Hori¬ 
zontally Split Centrifugal Pump. 



Type GMD, Single-Stage Hori¬ 
zontal High Pressure Motor 
Driven Centrifugal Pump. Total 
heads up to 130 ft. 



Type TMD, Deep Well Turbine 
Centrifugal Pump. Built for 12-30 
in. wells. For belt drive or direct 
connection. 




Type HH, Two-Stage Hori¬ 
zontal High Pressure Centrifugal 
Pump. Heads up to 250 ft. 


Type OMD, Single - Stage 
Double Suction Horizontally Split 
Centrifugal Pump. All sizes. 



Type G, Single-Stage Hori¬ 
zontal High Pressure Belt 
I)rlven Centrifugal Pump. 
Total heads up to 130 ft. 



Fig. lOOD. Motor Driven 
Deep Well Power Head. 
Built for belt or direct mo¬ 
tor drive to meet all con¬ 
ditions. 



Fig. 160E. Adjustable 
stroke, 6, 8 and 10 in. Max. 
H. P. 1%. For installa¬ 
tions up to 350-ft. heads; 
cylinders up to 3% in. 



Type KIMB, Vertical 
Single - Stage Centrifugal 
Pump. Enclosed line shaft, 
thrust bearing and flexible 
coupling. Built In all sizes 
to meet all conditions. 
Belt or direct motor drive. 
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THE DEMING COMPANY. 


THE DEMING COMPANY 

SALEM, OHIO 

ESTABLISHED 1880 



General Aflrenolee SpeoializiniT 

BOSTON—Chas. J. Jager Co., 13-15 Custom House St. 
BUFFALO—Root, Neal & Company, 178-180 Main St. 
CHARLESTON, W. VA.—Charleston Electrical Supply Co. 
CHARLOTTE—The Deming Co., Realty Building 
CHICAGO—Henion & Hubbell 
CLEVELAND—Strong, Carlisle & Hammond Co. 

COLUMBUS, O.—Scioto Valley Supply Co., Front & Gay Sts. 
DENVER—Hendrie & Bolthoff Mfg. & Supply Co. 

DETROIT—^Kerr Machinery Corporation, Kerr Building 
EVANSVILLE—Laib Company 
EL PASO—Krakauer Zork Company 
FORT WORTH—Atlas Supply Company 
KANSAS CITY—English Tool & Supply Co. 

NASHVILLE—John Bouchard & Co. 

CANADA: MONTREAL. TORONT 
VANCOUVER—. 


on DeminiT Power Fnmps 

LOS ANGELES—R. W. Sparling Co. 

LOUISVILLE—Laib Company 

MIAMI—Miami Supply Co.. S. W. Second St. 

MUSKOGEE—Atlas Supply Company 
NEW ORLEANS—Engineering Sales Company 
NEW YORK—Ralph B. Carter Co.. 152 Chambers St. 
PHILADELPHIA—W. P. Dallett Co., 922-924 Sansom St. 
PITTSBURGH—Harris Pump & Supply Co., 316-322 Second Ave. 
PORTLAND—Crane Company 
RICHMOND—Sydnor Pump & Well Company 
SACRAMENTO—Crane Company 
SAN FRANCISCO—Crane Company 
SALT LAKE CITY—Salt Lake Hardware Company 
TOLEDO—National Supply Company 
O, WINNIPEG, Darling Bros.. Ltd. 

Ian, Morgan & Co. 


Products 

Hand and Power Pumps for mine and quarry 
service, and for general water supply, including: 

Triplex Power Pumps 

which are made in vertical or horizontal types; 
portable or stationary; single or double acting; 
electric or belt driven; many different styles and 
sizes; standard or special construction as conditions 
may necessitate; capaciies from 5 gallons per min¬ 
ute to 2,000 gallons per minute. 

Power Piston Pumps 

Electric or belt drive; stationary or portable; stand¬ 
ard or special construction, to suit conditions; ca¬ 
pacities from 30 to 200 gallons per minute. 

Deep Well Working Heads and Cylinders 
Electric or belt driven; standard or special con¬ 
struction to suit conditions; for pumping water 
from deep wells for general water supply. 

Information Required For Estimate 

It is difficult to make any specific statements 
concerning the maximum distances which any 
power pump will lift and force water either verti¬ 
cally or horizontally. This can be accurately de¬ 
termined only when the conditions under which the 
pump will operate are definitely known. 

We, therefore, prefer to treat each installation 
as a separate case, and suggest that we be supplied 
with the information requested under the heading, 
“When Ordering Pumps,” as given on Page 440. 
Upon receipt of this data, our engineers will be 
enabled to quote on a pump which will suit the 
conditions. 

Guarantee 

Our pumps are fully guaranteed to perform the 
duty for which they are rated or recommended, 
and we shall hold ourselves under obligation to 
supply, without charge, any part breaking within 
one year of date of shipment, where such breakage 
bears unmistakable evidence of faulty material or 
workmanship. 

For information concerning our complete line of 
Hand, Windmill, Power and Spray Pumps, write for 
256-page General Catalogue No. 26. 
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Fig. 696, “Neptune” Electric Pump, with Type “B” Drive. 


The “Neptune” Double Acting Piston Pump, 

Fig. 696 

Capacities: 50 to 120 gallons per minute. 

Elevations: All three sizes are good for 100 ft. 
head. 

Cylinder: Has heavy anti-acid bronze liner. 

Valves: Of the pot valve type. Loosening two 
nuts gives access. Valves are covered by anti-acid 
bronze plates which protect them from the cylin- 
drically wound springs at the top. 

Flanged Pipe Connections and heavy flanged 
movable air chamber. 

Approximate sizes of motor recommended for 
use with the “Neptune,” are given below: 

Size Cyl. Motor 

^ 7^ H p [ upon a head of 150 feet 

GxlO 7^^H.’P.'J 


Fig. 696, Slses, Capacities, Sto. 


Pistons 

Cap. per 
Rev., Gals. 

Usual Rev. 
per Min. 

Cap. per 
Min. at Max. 
Speed, Gala 

Diameter of 
Pipes 

Inches 

Diam. 

Stroke 

Inches 

Suction 

Inches 

*8 

|l 

5 

5 

8.33 

50 to 60 



2 

6 

6 

1.448 

1 45 to 60 

1 79.64 

3 

2% 

G 

10 

2.395 

40 to 60 

119.76 

4 

3 


dear Ratio 6 to 1. 


For information concerning our complete line ot 
Horizontal Piston Pumps, write for Bulletin 310-A. 


MINING CATALOO 


Digitized by LjOOQie 



THE DEMIN6 COMPANY. 


puMmj52 


&emina TRIPLEX POWER PUMPS AND DEEP WELL WORKING HEADS 



Fig. 50, Size 6H x8 with Type "B” Drive. 


Fig. 50, Single Acting Triplex Pump. 

For General Service 

One of our most popular vertical triplex power 
pumps for mine service and general water supply. 
It is especially adapted for long distance pumping 
and is good for approximately 300 feet head. We 
have been manufacturing this particular type with 
a few modifications for nearly thirty years. Many 
of the first ones made are stiU in active service. 

Type “B” (Cipher, “TYPEB”) includes sub-base 
on which both pump and motor are mounted, and 
with gearing connection between pump and motor. 


rig. BO, StaaOBra BIzm, OapMltUa, Bto. 


Plungers 

Capacity 

Max. Working 
Pressure, Lbs. 

Diam. of Pipes 

•Tight and 
Loose Pulleys 

Cipher 

Diam. 

Inches 

Stroke 

Inches 

Usual Rev. 
per Min 

Gals, 
per Min. 

Suction 

Inches 

Dlschg. 

Inches 

2 

2 

70 

5.67 

150 

1% 

1 

8x 2 

Obese 

2^ 

2 

70 

8.89 

150 


1 

lOx 2 

Oberlize 

2^ 

3 

60 

11.4 

150 

2 

1% 

12x 3 

Oaken 

3 

3 

60 

16.2 

150 

2 

1*^ 

14x 3 

Oath 

3% 

3 

60 

22. 

150 

2 

1^ 

16x 3 

Oakling 

3H 

4 

60 

30. 

150 

2H 

2 

16x 4 

Obelus 

4 

4 

60 

39. 

150 

2% 

2 

18x 4 

Oakum 

4 

6 

60 

59. 

160 

2% 

2 

20x 5 

Oarsman 

4% 

6 

60 

74. 

150 

3 

2% 

20x 5 

Oaky 

5 

6 

60 

91. 

150 

3 

2% 

24x 5 

Oasis 

5^ 

8 

60 

147. 

150 

4 

3 

28x 6 

Oatmeal 

6 

8 

55 

161. 

140 

4 

3 

30x 6 

1 Obduration 

7 

8 

55 

220. 

150 

5 

4 

30x 8 

1 Obdurate 

8 

8 

55 

287. 

150 

5 

4 

36x 8 

Obiter 

8 

10 

50 

326. 

140 

6 

5 

36x 8 

Overcoat 

9 

10 

50 

413. 

160 

8 

6 

42x10 

Obloquy 

10 

10 

45 

459. 

150 

8 

6 

42x12 

Obsignate 

10 

12 

42 

514. 

140 

8 

8 

42x14 

Objuration 

11 

12 

42 

622. 1 

160 1 

10 

8 

48x14 

Obduct 

12 

12 

42 

740. 

150 

10 

8 

48x16 

Obductlon 

12' 

14 

40 

822. 1 

150 

12 

10 

48x18 

Observance 

13 

14 

40 

965. 

_1 

140 

12 

10 

1 48x20 

Observant 


•Sizes 9x10 and larger regularly furnished with tight pulley 
only. Gear ratio Is 6 to 1. 


For information concerning our complete line 
of Triplex Power Pumps write for Bulletin 300. 



Fig. 80, Deep Well Working Head. 

With Differential Plunger 

In this head, the main housing is of such design 
as to give great strength and rigidity, and also to 
afford ready accessibility to all working parts. Base 
plate is extended to permit moving the main hous¬ 
ing back for opening the well whenever necessary. 

Gearing is machine cut, the main gear being bolted to a 
large flange integral with crank shaft and located between 
the main bearings, thereby reducing to a minium, torsional 
or twisting strains. We recommend that our Fig. 324 brass 
artesian well cylinder be used in connection with Fig. 80. 

Type “B” drive consists of a heavey cast iron shelf bolted 
to the back of the main housing, on which shelf the electric 
motor is mounted and connected to the working head by an 
intermediate gear of rawhide, or other quiet running, pin¬ 
ion. When desired, the motor can be furnished, at extra 
price. 

_ Tig, 80, mte. _ 


tsr 

stroke 

Inches 

llMlmum 
Diameter 
of Pipes 

Gear 

Ratio 

Tight and 
Loose 
Pulleys 

4<> 

1 

1 

•Cipher 

Suction 

Inches 

Discharge 

Inches 

16 

24 

lU 

4 1 6 to 1 

4 1 6.5 to 1 

28x6 

36x6 

e's" 

8^3%'' 

Orient 

Oriental 


•When telegraphing with reference to type "B” drive, place 
the cipher word “Typeb” immediately after the cipher word for 
standard pump. 


MAXIMUM SPEED AND CAPACITY PER MINUTE WITH 
_FIG. 324 SINGLE-ACTING CYLINDERS 


Diam. 
of Cyl. 
Inches 

16-Inch Stroke 

24-Inch Stroke 

tMax. 

Lift 

Feet 

Max. 
Depth 
of Well 
Feet 

Revs. 

Gallons 

Revs, 

Gallons 

4*4 

35 

34 

28 

41 

620 

540 

4% 

35 

42 

28 

51 

510 

450 

. 5% - 

35 

52 

28 

63 

410 

860 

5% 

35 

62 

28 

75 

350 

300 

6% 

35 

74 

28 

89 

280 

250 

6% 

35 

86 

28 

104 

240 

210 

7% 

35 

114 

28 

137 

170 

150 

8^ 

35 

137 

28 

164 

150 

130 


fFrom lowest surface of water in well to highest point of 
delivery. When cylinder is located at a greater depth than 200 
feet below the surface, we recommend operating the working 
head at 20 per cent, slower speed than rated above. 

For information concerning our complete line 
of Deep Well Working Heads and Cylinders write 
for Bulletin 320-A. 
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INGERSOLL-RAND COMPANY 



11 BROADWAY, NEW YORK 

Manufacturers of 

Pumping Machinery 

For Offices and Products See Pages 170, 171, 172, 298, 299 and 300 



Products 

The A. S. Cameron Steam Pump Works manufac¬ 
ture a complete line of centrifugal and direct-acting 
steam pumps. The centrifugal line includes single- 
stage, single-suction, volute pumps; single-stage, 
double-suction, volute pumps (horizontal and verti¬ 
cal) (with either the enclosed or open type of im¬ 
peller) ; multi-stage turbine pumps. These pumps 
are furnished either direct-connected through flexi¬ 
ble coupling to electric motor, steam turbine, oil, 
gasoline or gas engine, or for belt, rope or water 
turbine drive. TTie Cameron line also includes 
Deep Well Pumps; Fire Pumps; Power Pumps. 

The line of Cameron Direct-Acting Reciprocat¬ 
ing Steam Pumps includes both the piston and 
plunger types and vertical plunger sinking pump 
any of which may be operated by steam or com¬ 
pressed air. 

Cameron Centrifugal Single Suction Volute Pumps 
Class “SV” 

To meet the wide spread demand for a thor¬ 
oughly well made and efficient centrifugal pump 
that can be purchased at a moderate price we have 
developed this single-suction open impeller pump. 



Class “SV” Centrifugal I’ump 


These pumps are furnished for belting to steam 
engine, gas engine or some other form of prime 
mover. 

While not high priced they are carefully de¬ 
signed in every respect; of generous proportions 


DATA OBT OAA8S “BV” BIirOU-BVOTIOBr VOIinTB FXnCPB 


Size 

Diameter 

Discharge 

Diameter | 
Suction 

1 G.P.M. Heads ' 
1 up to 70 ft. 

1 B.H.P. 

1 

1 

1 

1^ 

45- 90 

1.38 - 5.90 


1% 

2 

75- 180 

2.37 - 9.10 

2 

2 

2% 

126- 300 

3.27 - 13.3 

2% 

2% 

3 

160- 330 

3.85 - 13.0 

3 

3 

4 

250- 550 

5.61 - 20.7 

4 

4 

5 

430- 920 

7.13 - 28.0 

5 

5 

6 

600-1500 

10.6 - 45.0 

6 

6 


955-1905 

17.6 - 56.1 

8 

8 

10 1 

1500-3100 

24.8 - 91.5 

10 

10 

12 1 

1800-4000 

32.01-111.0 

12 

12 

15 I 

3200-6200 

49.7 -189.0 


and of the best materials. The usual Cameron guar¬ 
antee accompanies each one. They are offered in 
sizes up to 12" for various cajuicities, and for heads 
up to 70'. The belt driven pumps, of all sizes, will 
be carried in stock so that quick deliveries can be 
made. Bulletin No. 7252. 



Class “DV” Centrifugal Pump 


Cameron Centrifugal Double-Suction Volute Pumps 
Class ‘DV” 

The Class “DV” is a double-suction impeller 
pump suitable for low or moderate heads. Built in 
single units for heads up to 230 ft. or arranged in 
series these pumps are satisfactory for heads as 
high as 460 ft. Casing and bearings are horizon¬ 
tally split to facilitate inspection. Bearings are self¬ 
aligning. For low heads or pressures the double¬ 
suction feature eliminates the necessity for thrust 
bearings. For higher heads or pressures, the Kingrs- 
bury thrust bearing is furnished. Double wearing 
rings, between impeller hub and shaft are replac^ 
from stock and no machining is needed. Bulletin 
7350 and 7055. 


DATA OBT OI.ABB “DV” DOUBLB-BVOTIOD TODUTB FDIBPS 


Size 

No. 

Diam. 

Dis¬ 

charge 

Inches 

-1 

Diam. 

Suction 

Inches 

G.P.M. 
15' Total 
Suction 
Lift 

Floor S 

pace Including 
Motor 

Length 

Width 

Heiflrht 

9 

2 

2Vi 

125 

50 

16 

18 

2*4 


3 

200 

52 

18 

19 

3 

3 

4 

300 

56 

20 

21 

4 

4 

5 

450 

61 

22 

22 

5 


6 

650 

73 

26 

27 

6 ! 

6 1 

g 

1000 

81 

29 

29 

8 1 

8 1 

i 8 

1400 

84 

31 

32 

10 

10 1 

1 10 

2400 

101 

35 

38 

12 1 

1 ^2 1 

12 

4000 

117 

40 

44 

14 ' 

1 14 ! 

14 

6000 

130 

40 

49 

16 1 

1 16 1 

16 

8000 

136 

49 

64 

IS 

' 18 

18 

10500 

143 

54 

60 

20 

1 20 

20 

14000 1 

154 

63 

69 

24 

1 24 

26 1 

20000 1 

190 1 

72 

84 


Cameron Centrifugal Multi-Stage Turbine Pumps, 
Class “MT’ 

The Class “MT” is a single-suction im^ller pump 
for high pressures or heads. This type is available 
up to five stages in a single casing. Where more 
than five stages are required, the casings are ar¬ 
ranged in series. 
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Vertical Sinking Pump 


Air Lift Pumping Systems 

The Ingersoll-Rand Company has installed Air 
Lift Systems since the inception of air lift as a 
commercial method of pumping. Ingersoll-Rand 
Air Lift equipment of today is the result of long 
experience and extensive experiments conducted 
at our plant. 


Class "MT" Centrifugal Pump 

standard double wearing rings between impeller 
hubs and shaft keep joints tight and can be replaced 
from stock without machining. Horizontally split 
casing and bearings facilitate inspection. Bearings 
are self-aligning. Either Kingsbury thrust bear¬ 
ing or hydraulic balancing device is furnished.- Bul¬ 
letin 7361. 


Cameron Vertical Plunger 
Sinking Pumps 

The Cameron Vertical 
Sinking Pump retains all the 
advantages of the horizontal 
types. It has no exposed 
parts liable to breakage; it 
takes up less room in the shaft 
than any other type of pump; 
it can not be damaged by col¬ 
lision with side walls; and it is 
designed and intended to han¬ 
dle gritty water. Bulletin No. 
7304. 


Type “GSS” Single Direct-Acting Pump 

Cameron Single Direct-Acting Pumps 

This type has fewer working parts than any 
other steam pump made. Only four parts go to 
make up the entire steam mechanism. This type 
has no dead centre and will always start at any 
point of the stroke. This pump can be completely 
taken apart without disconnecting any of the pip¬ 
ing. Water piston, water cylinder, bushings and 
long body piece are furnished of bronze or iron. 
This pump is also furnished with removable bush¬ 
ing. Bulletin 7304. 


DATA OV DISBOT-AOnsrO BTBAM PXmPS, TYPB "OSS” 


II 

■«- 

li 

Diameter of Water 
Cylinder. Inchet 

Ib 

i“ 

CO 

Ba 

Oq General 
Senrieo (Must 
be Reduced 
20%ifSuct'n 
Lift is High) 

tings 

On Boiler Feed 
Service. (Basis 
34.5 lbs. Water 
Evaporated per 
Boiler H.P.) 

Steam Pipe, 

Inches 

Exhaust Pipe, 

Inches 

Suction Pipe, 

Inches 

K 

il 

08 a 

a 

Floor Space 

Gals. 

per 

Min. 

Piston 

Speed 

Horse 

Power 

Piston 

Speed 

4 

2 

6 

12 

75 

90 

38 

% 

Vi 

1‘4 

1 

40"xl0" 

9 

2% 

6 

19 

75 

140 

38 

Vi 

% 

1% 

1% 

lO^xlO" 

6 

4 

7 

49 

75 

359 

38 

% 

1 

2% 

2 

47"xl4'' 

r 

4 

7 

49 

75 

359 

38 

% 

1 

2 Ms 

2 

47"xl5" 

6 

4 

12 

81 

125 

580 

63 

% 

1 

3 

2^ 

4'10"il7" 

8 

4 

12 

81 

125 

580 

63 

1 

1% 

3 

2Vt 

4'10"xl8" 

T 

5 

13 

130 

128 

942 

64 

1 

iVi 

4 

3 

5'3"x20" 

10 

5 

13 

130 

128 

942 

64 

U4 

2 

4 

3 

5'5"x23%" 

10 1 

7 

13 

206 

103 

1500 

52 

1^/4 


5 

4 

5'r."i23i^" 

18 1 

7 

13 

206 

103 

1500 

52 

1% 

2 Vi 

5 

4 

5'6"x24" 

14 

9 

18 

248 

75 

1817 

38 

2 

3 

6 

5 

6'9"x30" 

14 

10 

18 

408 

100 

2956 

50 

2 

3 

8 

6 

7'6"x30 

16 

10 

18 

408 

100 

2956 1 

50 

2% 

4 

8 

6 

7'6"i37" 

16 

12 

20 

510 

87 

3743 i 

44 

2^ 

4 

10 

8 

8'5"x41" 

18 

12 

20 

610 

87 

3743 

44 

3 

4 

10 

8 

8'5"x41" 


Showing alternative 
method.s of air lift pip¬ 
ing and discharge. The 
air line to the pumps 
may be either inside or 
outside the discharge 
pipe. Water may be dis¬ 
charged into a tank di¬ 
rectly over the well or 
may be piped along the 
ground surface. 


The Air Lift is simple and at all times reliable. 
There are no moving parts in the well and, there¬ 
fore, nothing to get out of order. Ingersoll-Rand 
Compressors, installed in any convenient and cen¬ 
tral location, are all the working machinery. Any 
number of wells may be pumped from one central 
station. Bulletin 77. 
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BYRON JACKSON IRON WORKS, INC. 


BYRON JACKSON IRON WORKS, Inc. 

Wherever Water is to be Lifted 
SHARON BUILDING, SAN FRANCISCO 
LOS ANGELES VISALIA SALT LAKE CITY 

PORTLAND, OREGON 


Centrifugal and Turbine Pumps 


Products 

Centrifugal and Deep Well Turbine Pumps. 


Uses 

The Byron Jackson Iron Works has made a 
specialty of the development of centrifugal pumping 
equipment to meet the demand of the mining in¬ 
dustry for maximum efficiency and continuous 
operation with a minimum of attention. 

Mining pumps fall naturally into several classes, 
each of which has its special application. 


Unwatering Pumps—Vertical Shaft 




Figure No. 1 illustrates the simplest construc¬ 
tion of a vertical unwatering pump, the requisite 
f number of stages for any head or 

jMvfl capacity being supplied. In this 

BT I construction the 

pump proper and 
motor are mounted 
on a cast iron 
barrel. 

In some cases it 
is advisable to fur¬ 
nish a sinking pump 
with a greater dis¬ 
tance between the 
pump proper and 
the motor than can 
be obtained with a 
cast iron barrel con¬ 
struction and for 
such work a pump 
mounted in channel 
steel frame, as 
shown in Figure 
2 is recommended. 

The usual practice 
in this design is to 
space the pump proper and the cast 
iron motor barrel twenty feet apart, 
the motor being mounted directly on 
the barrel and connected to the pump 
by means of a flexible coupling. 

The same hydraulic performance 
may be obtained with either mechan¬ 
ical construction, the difference be- fI* 
tween the two designs being the 


FIf. 1. Vertical Un- 
watering: Pump- 
Short Motor Barrel 
Construction 


2. Vertical 
nwateringr 
Pump in 


VT. Pump in 

distance between the pump and the channel steel 


motor. The channel steel frame should 
be adopted when there is a considerable flow of 
water and possible intermittent power service, as 
the motor is safeguarded against damage from 
water rising in the shaft. 


Incline Shaft 

For incline work a unit such as is shown in 
Kgure 3 is furnished, this being a pump with 



grease bearings throughout and with a heavy 
thrust bearing mounted between the motor and the 
pump. A solid coupling is used to connect the 
motor to the pump shaft. 

The thrust bearing carries not only the hydraulic 
thrust on the pump itself but also the down thrust 
from the rotor of the motor. The motor is of the 

ball - bearing tsrpe, per¬ 
mitting of ^ease lubri¬ 
cation, so that 


Fig. 3. Incline UnwRter- 
ing Pump. - . 

the pump may be 
operated at any angle, 
horizontal to vertical. 


Deep well Turbine—^Vertical Shaft 

The use of deepwell turbines for unwatering 
mine shafts is of recent development. T^is pump 
consists of a series of stages located at the bottom 
of the mine shaft and suspended from the surface. 
The runners are oper¬ 
ated by a vertical line 
shaft carried through 
an enclosed tubing, in 
which the bearings are 
located, this tubing act¬ 
ing as a protection for 
the shaft and bearing, 
as well as an oil conduit. 

Surrounding and 
concentric with the 
driving shaft and its 
enclosed tube is the dis¬ 
charge pipe suspended 
from the head. This 
pipe carries the weight 
of the pump. The rotat¬ 
ing element of the pump 
is supported by a thrust 
bearing located in a 
water - cooled chamber 
in the discharge head 
at the surface. 

As the discharge 
column is more expensive than pipe, the best en^- 
neering practice calls for the placing of the dis¬ 
charge head with vertical motor at a station located 
above high water in the mine, and the carrying of 
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BYRON JACKSON IRON WORKS, INC. 


PUMPS. 


discharge pipe to the surface. The pump itself 
is furnished with sufficient stages to pump from 
low water to the surface of the ground, without 
reference to the actual length of the pump column. 

Where no electric power is available it is neces¬ 
sary to bring the discharge and drive shaft to the 
surface of the ground and operate belted with gas 
engine, or other power. 

The advantage of this style of pump for un¬ 
watering work is obvious. The pump can be in¬ 
stalled with its motor set permanently above high 
water in the mine. On completion of installation 
the pump is turned on and will then operate con¬ 
tinuously without further resetting until the un¬ 
watering has been accomplished. This means a 
considerable saving in field labor as it eliminates 
the stopping of unwatering operations to permit 
the raising or lowering of the pump. 

Station Pumps 


The Byron Jackson Iron Works is manufactur¬ 
ing a volute multi-stage pump for station service, 
sectional elevation of which appears in Fig. 6. 



In the construction of this pump the velocity of 
the water from each runner is converted to pressure 
before entering the next runner by means of volute 
passages; the diffusion vane of the turbine pump 


being eliminated. In handling gritty mine water 
experience has shown that the first part of the pump 
to evidence wear is the diffusion vane, on which the 
gritty water is delivered at high velocty. With the 
wear on the tip of the vane and the consequent 
change in the angle of diffusion, the pump effici¬ 
ency, and the quantity of water handled, falls off 
very rapidly. This is the main difference hydrau¬ 
lically between the volute multi-stage pump and the 
older turbine patterns. 

Mechanically the pump is designed with runners 
back to back to eliminate all end thrust. As an 
additional precaution a water-cooled thrust bearing 
is provided, but this bearing has practically no load 
to carry. 

The back to back construction is also of great 
practical value in that the pressure on the packing 
gland on the discharge side of the pump is reduced 
to half the actual working head, instead of the en¬ 
tire working head, as would be the case if the run¬ 
ners were to face in the same direction. Operators 
familiar with packing gland difficulties on 1500' and 
2000' pumps will appreciate the practical value of 
this design. This pump is built in multiples of two 
stages. High head units may necessitate the com¬ 
pounding of two or more pumps. 

The usual split case type of construction is fol¬ 
lowed, thus permitting of inspection or removal of 
rotating element without disturbing the piping. 
The pumps are built with external, ring oiling 
bearings, of liberal dimensions with bronze runners 
of the enclosed type, mounted on heavy steel shaft, 
bronze covered at all points coming in contact with 
the liquid. - ^ 

Rubber Lined Pumps ' " ' 

After months of experiment and study, the 
Byron Jackson Iron Works has developed a design 




Rubber Lined Slime Pump, Exposed View. 


of rubber lined pump, whose wearing 
parts will have a maximum life when 
handling abrasive substances. 

This pump is adapted to the hand¬ 
ling of mill slimes or other material 
of 15 mesh and finer; many chemical 
solutions which ordinarily attack iron, 
bronze and other metals, but which 
have no action on rubber; chemical 
solutions containing more or less grit. 
These are efficiently elevated with 
this rubber lined pump. 
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MORRIS MACHINE WORKS 

BALDWINSVILLE, NEW YORK 

PHILADELPHIA—Real Estate Trust Bldg. NEW YORK—39-41 Cortlandt St. 

PITTSBURGH—Harris Pump & Supply Co. CHICAGO—Henion & Hubbell, 217 N. Jefferson St. 

DETROIT—Penobscott Building CHARLOTTE, N. C—Realty Bldg. 

REPRESENTATIVES IN PRINCIPAL CITIES 


Products 

Centrifugal Pumping Machinery; Hydraulic Dredges; 
Stationary and Marine Engines. 



Horizontally Split Single-Stage Pumps 

This type of pump is especially adapted for high effi¬ 
ciency and for operating at high speed for direct connection 
to electric motor or turbine. It is also built for belt drive. 
Suction and discharge openings are in the bottom half of 
shell, therefore, top can be removed without disconnecting 


4" Horizontally Split Single-Stage Pump 


The enclosed impellers are of bronze, accurately finished 
and balanced for high speeds. The shaft is of steel, pro¬ 
tected by bronze sleeves through the stuffing boxes. The 
Single-Stage pump is of the double suction type and what¬ 
ever slight thrust develops is compensated by ball bearings. 

Built in sizes ranging from 2 to 20 inches, and for oper¬ 
ating in acidulous water can be furnished of acid resisting 
bronze: 

Horizontally Split Multi-Stage Pumps 

Where the head is too high for the double suction pump 
described above, we build a Multi-Stage pump. This type 
is designed along the same lines as the Single-Stage double 
suction type, except that being side suction, it develops an 
end thrust. This thrust is taken care of by a water-cooled 
marine type bearing running in oil. Leakage between 
stages is prevented by bronze labyrinth rings. 



Built in sizes ranging from 2 to 14 inches, the number 
of stages depending upon the head. Also built of acid 
resisting bronze for operating in acidulous water. 

Hydraulic Dredging Pump 

The merits of the hydraulic suction dredge are well 
recognized and in comparison with other systems of dredg¬ 
ing it has been proved to be the most economical for 
handling sand, gravel, mud, clay, etc., or in fact any material 
except solid rock. The hydraulic dredge consists mainly of 
a centrifugal dredging pump with power to drive same and 
auxiliary machinery for handling suction pipe and boat. 
The pump in operation creates a strong suction flow in the 



suction pipe sufficient to pick up the material and draw it 
into the pump from which it is again delivered through the 
discharge line any distance to point of delivery, and can at 
the same time be elevated to reasonable height. 

We build our pumps either to be operated by belt or 
directly connected to engine, simple, compound or triple 
expansion. We have for all sizes of dredging pumps many 
different patterns and can furnish these pumps for any 
service. 

We are also prepared to furnish all 
machinery complete including hull if 
necessary for the dredge. 


20" Dredging Pump Directly Connected to 1000 H. P. 
Triple Expansion Engine 


Solid Lined Dredging Pump (Patented) 

This type of pump was first designed for handling tail¬ 
ings and slimes in connection with gold recovery plants, 
and it was the first pump on the market suitable for that 
exacting service. For over 30 years we maintained an 
office in Johannesburg and thousands of Morris pumps 
are operating in the Transvaal gold fields. This pump is 
also extensively used for ordinary dredging, as the inne: 
lining is made either of manganese steel or hard iron. The 
piston is also made of the same material as the lining. 
Owing to its construction and extremely heavy proportions 
it is comparatively expensive as regards first cost but 
when compared with its lasting qualities it will be found 
to be economical in operation. 

Built in sizes ranging from 2" to 12" inclusive. 



Solid Lined Dredging Pump (Patented) 


Since the Civil War, Builders of Centrifugal Pumps, Hydraulic Dredges and Steam Engines 
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WORTHINGTON PUMP AND MACHINERY CORPORATION. 


PUMPS. 



Products 

Mine Pumps. For other products see Pages 165, 
166, 167, 176, 493, 626 and 741. 

Worthington Mine Pressure Pumping Engines, 
“Lehigh” Pattern 

This pump is intended for deep mine service. 
The water end differs from the ordinary pressure 
pump in that the valve pot castings are larger and 
fewer of them are used for a given capacity, and 
the valves themselves are larger, giving the fewest 
possible number of pieces to be handled when mak¬ 
ing repairs, or when the water end is opened for 
inspection. Valve area is unusually great, allow¬ 
ing ample margin to speed up engine to handle any 
sudden excess of water in emergency. 


140 pounds per square inch. Ready accessibility to 
all moving parts is a feature of this pump. 

Double Suction Turbine Pumps 

These pumps are built in 1, 2 and 3 stages and 
deliver against a head of 220 feet per stage, or 
in a 4-stage pump will work against about 900 
feet head. 

For greater service two pumps are connected in 
series. 


bectlonal View of Double Suction Turbine Pump 


The two-stage volute pump is well suited jfor 
handling muddy or gritty water and, therefore,; is 
frequently used in mine service. Built from 4 to 
8-inch discharge and arranged for connection to 
motor or steam turbine. 


Lehigrh Pattern Triple Expansion Pressure Pumping Engine 


These pumps are made in capacities from 220 to 
1,040 gallons per minute, for heads from 400 to 
1,000 pounds pressure. 


"Lehigh Pattern" Compound Pressure Pump 

Vertical and Special Pumps 

Where conditions require it, we can furnish a 
Vertical or Special pump, for installations where 
floor space is limited. Worthington has many pat¬ 
terns, and from one of these a pump suitable to the 
particular conditions can be selected. 

Worthington Outside Packed Plunger Pumps 

This line includes pumps for all general service 
conditions. The Scranton Pattern is a representa¬ 
tive pump of this line. It is designed for rough 
and heavy service, for which ordinary piston pat¬ 
tern pumps are not suitable. For use where water 
contains sand and grit, where pressures are over 


Two-Stage Volute Pump, Motor Drive 

These pumps have a wide range of application, 
including: Water Works, Station Pumps and Sink¬ 
ing Pumps for Mine Drainage; Hydraulic Mining; 
Boiler Feed Service; Fire Pumps, etc. 

Hydraulic Mining 

Worthington pumps for this service are more 
often arranged for direct connected motor drive, 
but those of the belted type can also be used to 
advantage. It is common practice to arrange the 
pumps in pairs, piped up so that they can be used 
either in parallel or series. This makes it possible 
to double the pressure by operating in series when 
a hard stratum is encountered. For moving softer 
material, the pumps are operated in parallel, and 
by doubling the capacity it increases in proportion 
the amount of material removed. 


Worthington Pump and Machinery Corporation 

Executive Offices 

115 Broadway, NEW YORK 
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FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


THE FOLLOWING MANUFACTURERS and DEALERS 
ARE REPRESENTED IN THIS SECTION^g 


American Blower Company 
Bemis Bro. Bag Co. 

Buckeye Blower Company 

Du Pont, E. I. de Nemours Company, Inc. 

Jeffrey Manufacturing Co., The 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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VENTILATION DATA 


THE WEIGHT OF AIR 


Living as we are at the bottom 
of an atmospheric ocean, estimated 
to be about 45 miles deep, we 
have long since come to accept 
the truth of the statement that 
air has weight. If proof were 
wanted we could find it in every 
gentle breeze which blows, or in the 
wind blast, raging with a violence 
that levels buildings and scatters 
ruin in its path. Both of these phe¬ 
nomena are due to a difference in 
the weight of air bodies. It is like¬ 
wise a matter of every-day observa¬ 
tion that warm air rises while the 
cooler air falls. To this fact is due 
the burning of a lamp, the heated 
air rising above the wick and draw¬ 
ing in a continual supply of cooler 
air from below. The explanation of 
this is that the air above the fiame, 
being heated, expands and becomes 
lighter in weight, volume for vol¬ 
ume, than the surrounding cool air 
which rushes into the lamp in an 
endeavor to restore equilibrium. 
Another familiar way of demon¬ 
strating that air has weight, and 
therefore pressure, is by its action 
in forcing water through a suction 
pipe into a pump chamber from 
which the air has previously been 
exhausted. 

Air, therefore, though compara¬ 
tively light, is positively heavy, 
having a weight of its own. A 
square inch of it measured from the 
surface of the earth at sea level to 
the top of the atmosphere, is no less 
than 14.7 poimds in weight. The 
instrument used to record the 
weight, or pressure of the atmo^ 
phere, is known as the barometer, and is shown in 


Fig. 1. This consists of a glass tube about 34 
inches long, filled with mercury and inverted with 
its lower end constantly below the surface of 
mercury in a cistern. The pressure of the air 
having access to the mercury in the cistern raises 
the mercury in the tube to a point where a balance 
between the two obtains. By means of a scale, C, 
graduated in inches, the height of the mercury 
column is read, which thereby indicates the pres¬ 
sure of the air. In reading the barometer the sur¬ 
face of the mercury in the cistern must be brought 
to the fixed zero. This is done by turning the 
screw, c, until the mercury just touches the point 
of a pin projecting downward from the frame of 
the instrument, which point is the zero of the scale. 

The average height of the mercury column at 
sea level is 29.925 and if it have a cross section of 
one square inch its weight will be 14.696 pounds. 
Since there is perfect equilibrium between the mer¬ 
cury column and the atmospheric column it follows 
that the weight of the mercury, 14.696 pounds, is 
the measure of air pressure on one square inch of 
surface. For ordinary computations the height of 
the mercury at sea level may be taken as 30 inches 
and its weight 14.7 pounds. Since the pressure of 
air is due to its weight, points of high elevation 
will show a lower barometer reading than 30 inches, 
while points below sea level will show a higher 
reading. 

The weight of dry air, being dependent upon 
altitude and temperature, may be determined at 
any altitude and temperature by means of the fol¬ 
lowing formula: 

1.3273 X B 

w=- (a) 

460-f-t 

where w = the weight of one cubic foot of air 
B = the barometer reading in inches of 

mercury 

t = the temperature of the air in Fah¬ 
renheit degrees. 



■l- c 

PlK. 1 

The Barometer. 


NATURAL MINE VENTILATION 


The temperature at any point on the earth’s 
surface fiuctuates considerably throughout the day 
and shows a greater variation with the seasonal 
changes. Inside the mine, however, conditions are 
such as tend to hold the temperature fairly con¬ 
stant day in and out, throughout the year, the 
variation at places well within not much exceeding 
five degrees. In the winter period the temperature 
yf the incoming air is raised by rubbing against 
the top and sides, by the burning of lamps, breath¬ 
ing of men and animals, oxidation of sulphides and 
wood, natural heat of the strata, etc., all of which 
add their quota of heat to the cold air. In the 
summer time, the strata being colder than the in¬ 
coming air, the latter is chilled and rapidly cooled 
until approximately the same temperature is 
reached as prevailed in the winter period. 

Assuming the inside temperature to be 60 deg. 
F. (which is probably quite close to the average the 
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year around in the Elastem states) and an outside 
temperature of, say, either 20 deg. F. or 90 deg. F., 
it follows that owing to this difference in tempera- 
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ture there must be a difference in the weight of 
like volumes of internal and external air, and hence, 
with respect to each other, they must be in a con¬ 
dition of unstable equilibrium. Let us investigate 
this by assuming the outside temperature to be 
that first mentioned, that is 20 deg. F., the average 
temperature in the air shaft, see Fig. 2, being 60 
deg. F. and the barometer reading 30 inches. The 
problem is to determine the direction in which the 
air will flow in the mine. 

The weight of the air at the mine opening will 
be found by formula (a) to be, 

1.3273 X 30 

w =-= .083 lbs. per cubic foot of 

460 -f 20 
external air. 

The weight of air in the shaft will be, 

1.3273 X 30 

w =-= .077 lbs. per cubic foot of 

460 -I- 60 
internal air. 

Since the external air is heavier the excess 
pressure will force the air in toward the shaft, i. e., 
the shaft will be an upcast. 

; .If we now assume the outside temperature to 
be 90 deg. F., the inside temperature and baro- 

COEFFICIENT 

- The value of the coefficient of friction has been 
determined by various investigators, and since no 
two mines are quite the same, there is, as might 
be expected, a considerable variance in result. The 
following table is taken from the Coal Miners’ 
Pocketbook: 

Tmhlm of Tarloiis €k>olllcionta of Friction of Air in Mines 


J. J. Atkinson's Treatise.0000000217 

A. Devillez in Ventilation des Mines 

Forchies .000000Q08211 

Crachet-PIcquery .000000008928 

Grand Baisson.000000008611 

Used In Ventilation des Mines.000000009511 

• ..Arched Tunnels ..000000002118 

Along a working Face of Coal.000000014266 

G. Andre, Atmosphere of Coal Mines.000000022424 

Peclet, Cheminee (Devillez, p. 112).000000003697 

D. K. Clark ...... ..000000002272 

According to Goupilliere's Cours d’ Exploitation 
des Mines 

D’Aubuisson .000000001955 

Navier .000000001872 

W. Fairley .00000001 

J.- Stanley James ..000000000929 

D. Murgue .000000008242 


Thomas W. Fitch, Jr., gives the following val¬ 
ues of k:* 


For galvanized steel piping.0000000024 

For air passages which are concreted, wood lined, 
or of exceptional smoothness, and untImbered, 
straight, regular and free from obstructions.. .0000000036 
For air passages which are untimbered, fairly 
smooth, straight, unobstructed and regular 

in size .0000000073 

For air passages which are untimbered and 
moderately crooked, irregular, obstructed and 

rough .0000000109 

For air passages which are timbered, but other¬ 
wise fairly smooth, straight, unobstructed 

and regular In size.0000000146 

For air passages which are timbered and moder¬ 
ately crooked, irregular, obstructed and rough .0000000182 
For air passages which are timbered, and very 

crooked, irregular and rough.0000000219 


•Proceedings We.st Virginia Coal Mining Institute, 1910. 


metric pressure remaining the same as before, we 
then have for the weight of air at the mine 
opening, 

1.3273 X 30 

w =-= .072 lbs. per cubic foot of 

460 -1- 90 
external air. 

Since the external air is now lighter than the 
mine air, the pressure of the air in the shaft will 
force a current toward the mine opening, i. e., ven¬ 
tilation is now reversed and the shaft has become 
a downcast. 

The assumptions made in this case serve well 
to illustrate the changeableness of natural ventila¬ 
tion. In the transition period between extremes of 
heat and cold, and frequently throughout one or 
more periods in each summer day, the outside and 
inside air will be at the same temperature. The 
weights of air being the same, the pressures will be 
balanced and flow of air will cease. Natural ven¬ 
tilation is at its greatest usefulness when the 
weather is either extremely hot or cold. While it 
is the most economical system that can be used 
from the power standpoint, it is undependable 
since subject to fluctuation which can not be 
controlled. 


OF FRICTION 

The highest of these values, .000000022424, as 
given by Andre, is about twelve times the lowest, 
.000000001872, as given by Navier. A computation 
for entry resistance, using each formula in tui^ 
would show a like variance in results. It is plain, 
therefore, that before accurate results can be ex¬ 
pected from a mathematical computation of resist¬ 
ance, the value of “k” for that particular mine must 
be known. 

The value of k, .0000000217, as given by Atkin¬ 
son, is the one best known and most used, though 
in all probability it is far too high to fairly repre¬ 
sent the average mine. Long usage, it seems, has 
given it acceptance, to such an extent that there 
has been little disposition on the part of investi¬ 
gators to determine the real value for a mine, or 
a group of mines operating under like conditions. 
In justification of the use of an inordinately high 
coefficient it is urged that it is preferable to using 
a coefficient too low, and this is unquestionably 
true. Superior to either, however, is the rightful 
value. 

The factors which create a high value for the 
coefficient of friction in the mine are: 

1. Entries littered with falls of top rock, or 
obstructed with old mine cars, etc. 

2. Rough and irregular sides, top or bottom, 
due frequently to carelessness in undercutting and 
blasting. 

3. Useless timbering. 

4. Overcasts having no filling of rock behind 
the side walls to provide an easement for the air. 

5. Sharp turns in the air course. 

6. Sudden contractions and expansions. 

Anything which creates undue resistance 

should be avoided, for the higher the coefficient of 
friction the greater will be the power required to 
move the air. 
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HUMIDITY OF MINE AIR MEASURED BY THE HYGROMETER 


What the Wet-and-Dry-Bulb Hygrometer Indicates 

The wet-and-dry-bulb hygrometer shows the 
difference between the readings of the two ther¬ 
mometers. The dry-bulb thermometer, of course, 
indicates the actual temperature of the air. The 
reading of the wet-bulb thermometer is lowered 
by the evaporation of the water from the little 
sack surrounding this bulb, and which is kept moist 
by the water drawn up through the wick from the 
vessel below. 

The difference of temperature indicated by 
these two thermometers depends on the rapidity 
of the evaporation of the water from the wet bulb. 
The evaporation is more rapid in dry than in wet 
air; and the difference of reading is, thus, an index 
or measure of the degree of saturation of the air. 
When the air is fully saturated with moisture 
there is no evaporation from the wet bulb and the 
readings of the two thermometers are the same. 
The difference increases with the dryness of the air. 


Relative Humidity of Air 

As previously explained the relative humidity 
of air is expressed by the ratio of the actual vapor 
pressure in the air at the time, to the saturated 
vapor pressure. The following table gives the per- 


Difference Between Dry and Wet Bulb 



centage of saturation or the hygrometric state of 
air for various differences of readings, at different 
temperatures. 

To use the table, find the observed temperature 
of the air, in the left-hand column, and the dif¬ 


ference of the observed readings of the wet-and- 
dry-bulb thermometers, at the top of the table; 
the corresponding number in the table is the per¬ 
centage of saturation which expresses the degree 
of humidity of the air. For example, if the dry- 
bulb temperature is 70 deg. and the wet-bulb 64 
deg. F. the difference of readings is 6 deg. and the 
corresponding humidity as taken from the above 
table is 72 per cent. 

The Application to Mining 

The moisture which air can carry varies 
directly with its temperature, that is, air at 80 
deg. F. can carry more moisture than air at 20 
deg. F. Let us assume the average temperature 
of mine air to be 60 deg. F. the whole year around. 
During the warm summer months air entering the 
mine at 80 deg. F. comes in contact with the top 
and sides of the drift and is cooled to the tem¬ 
perature of the mine. Because of the drop of 20 
degrees in temperature, the quantity of water 
vapor the air can carry is reduced and moisture 
may be deposited on the top and sides, on the same 
principle as dew is deposited on blades of grass 
during the warm summer nights. The mine is 
then said to be “on a sweat.” If the warm air 
entering the mine is at a low humidity, that is, it 
is carrying but a small percentage of water vapor, 
the effect of a drop of 20 degrees in temperature 
may be merely to raise the humidity of the air, 
but not, however, to the dew point. In this event 
no moisture will be deposited. 

In the winter months the conditions are re¬ 
versed. Air entering the mine, say at 20 deg. F., 
gradually reaches a temperature equal to that of 
the mine. With each increment in temperature 
given to the air its capacity for moisture is in¬ 
creased, and this moisture is supplied as the air 
passes over the wet sections of the mine. The 
effect is to make these sections dry and dusty, 
which increases danger from fire and breathing of 
rock dust by men. For this reason it is advocated 
that in all mines which are dry and dusty, moisture 
be supplied to the mine during the cold months by 
means of exhaust steam, sprays, sprinkling with a 
hose or by a pump mounted on a movable truck and 
forcing the water through pipes or sprays under 
pressure. 


VENTILATION 

In metal mines there are many parts of the 
mine, such as. the face and stopes, raises and 
winzes, that it is usually not feasible to ventilate 
with the main current, even when a mechanical 
ventilating system is in use. To ventilate such 
workings, it has been usual to use portable motor- 
driven fans, connected to sheet-iron pipes. At the 
North Butte mines, Butte, Montana, Sirocco fans 
are used connected to canvas tubing. The success¬ 
ful application of canvas tubing to ventilating was 
made feasible by the flexible coupling and method 
of suspension invented by Mr. Braly. 

Canvas tubing possesses the following im¬ 
portant advantages over metal pipes: 

1. It is much more easily and quickly in¬ 
stalled, and when not carrying air hangs collapsed 


•Trans. A. I. M. E., 1920. 


EQUIPMENT* 

at the side of the working, where it takes up very 
little room. 

2. Since it hangs collapsed during the blasting 
of the round and is expanded by the air pressure 
of the fans turned on immediately afterwards, ven¬ 
tilation can be carried close to the face. In ordi¬ 
nary cross-cuts, it is impossible to keep metal pipe 
closer than 100 ft. to the breast because the con¬ 
cussion in blasting tears it down; even then, unless 
the end is tightly covered with a board, the pipe 
may collapse for a length of 60 to 70 ft. 

3. Falls of rock in a drift ruin metal pipe per¬ 
manently, whereas canvas pipe frequently is not 
even punctured; or if damaged it can easily and 
quickly be repaired. 

4. Canvas tubing can, without the slightest 
difficulty, be run through stopes, over and around 
timber, and in numerous places where the fitting 
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of metal pipe would be too slow and expensive to 
be feasible. 

5. The miners can put on lengths of canvas 
tubing and deflect the air so as to blow directly 
upon them, thus removing the layer of warm air 
surrounding their bodies. This is of great im¬ 
portance, especially on the lower levels where rock 
temperatures are high. 



CANVAS TUBING 

AND 

BLOWERS REQUIRED TO 
CLEAR 6'X 8'HEADING IN 35 MIN. 




No.2 Sirocco Fto: 10 ioch: 
A.C. Motor* $ hp. 

1735 rpoi, 

D.C. Motor. 5 hp. 

18U0 rpm. 

No.2H Sirocco Fan: 12 iucb: 
A.C. Motor, 7Hhp. 

1740 rpm, 

D.C. Motor 7Hhp. 

1700 rpm, 

No.3 Sirocco Fan: 14 inch: 
D.C. Motor. 10 hp. 

1300 rpm. 


No.4 Sirocco Fan: 16 inch: 
A.C. Motor. 20 hp. 

1160 rpm. 


Distance 600 Fu 


Distance 1000 Pf. 


DisUnce 1300 Ft. 


Distance 1600 Ft. 


5 


Fitr. 4 


Of course, the friction in canvas tubing is 
greater than in an absolutely tight metal pipe of 
the same diameter; but in ordinary practice the 


reduction of volume and pressure due to higher 
friction in the canvas tubing is considerably less 
than the reduction due to leaks in metal pipe. It is 
difiicult to get any satisfactory ventilation from an 
ordinary me^ pipe 1,000 ft. long, whereas excel¬ 
lent ventilation has been obtained from canvas 
tubing over 2,400 ft. long. The size of tubing and 
the corresponding size of fan are determine by 
the size of the workings to be ventilated and the 
distance the air must be carried. Standards based 
on clearing a working face within 35 minutes after 
blasting are shown in Fig. 4. The equipment can 
be used to ventilate at a much greater distance by 
consuming a correspondingly longer time. 

Both alternating and direct-current motors are 
used for driving the fans; direct current is prefer¬ 
able since the motors can be attached to the trolley 
lines anywhere in a few minutes time. The best 
practice is to use a larger motor than the rating of 
the fan specifies, in order to allow a margin of 
safety for overheating where it is necessary to use 
it under temperature conditions above normal. 
Fans 2, 2V^ and 3 are self-contained, being mounted 
on trucks complete with starting apparatus, rea^ 
to connect the transmission wire. The dimension 
moimtings permit lowering the mounted fans on ^e 
cages without taking apart. The No. 4 Sirocco fan 
is too large to lower on the mine cage without 
taking apart; hence, it is not moimted on a truck, 
but where used is placed. Practically all the fans 
used are the smaller size, since most of ventilating 
distances are comparatively short. 


PRINCIPLES OP 

No. 1—^That all working shafts be downcasts, 
smooth-lined and fire-proofed. 

It is highly desirable that all working shafts be 
downcasts. Should any gas form in a mine (either 
from explosives, mine fires, or stratas generally) 
it naturally would seek its way to surface through 
the upcast shaft. Were the main working shaft an 
outlet, instead of an intake, it would greatly add to 
the danger, as a large number of the men would 
na;:urally endeavor to leave the mine by the main 
working shaft, (through which the gas was exiting 
to surface), rather than seek safety through some 
auxiliary and less familiar shaft. Moreover, there 
is always considerable work being done through the 
main shaft, and, if it is an upcast, the men em¬ 
ployed in its vicinity are always at a disadvantage 
as they work continually in vitiated and impure air, 
which has already passed through a large propor¬ 
tion of the main workings. 

In cases where sufficient shafts have been sunk 
on the property to take care of the entire ventilat¬ 
ing system—^both intake and outlet air—^without 
using the main working shafts, then these latter 
may remain neutral. However, even in such cases, 
it is more desirable to make these shafts slight 
downcasts, in order to maintain a freshness in the 
air, and provide for emergencies in the event of 
possible mine fires, which might turn a neutral into 
an upcast shaft. 

It has long been recognized that a smooth-lined 
shaft does not offer the same amount of resistance 
to the air currents, as that offered by the ordinary 
timbered shaft. Experiments show that a very 

*Siibinltted to National Standardization Conference by Com¬ 
mittee on Ventilation. 
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much larger volume of air can be passed through a 
smooth-lined shaft, than through an ordinary shaft, 
using the same amount of horsepower in each case. 
Smooth-lining may be accomplished by the use of 
ordinary boards, but such construction does not 
constitute a fire-proof shaft. The most satisfac¬ 
tory form of smooth-lining, which is also fireproof, 
is the concrete shaft. Another form of smooth 
lining and fire-proofing is the use of brick, or faced 
rock and mortar. Still another form, is the use of 
gunite and metal lath, also concrete slabs, which 
are placed flush with the shaft timbers and ce¬ 
mented in. 

The value of fire-proofing main working shafts 
cannot be questioned, as numerous accidents have 
occurred in the past which have demonstrated the 
necessity of having all downcast shafts fireproofed, 
as an insurance measure against the loss of life and 
property. 

If, however, the life of a shaft, or of the mine 
itself, does not justify the cost of a first-class fire¬ 
proof shaft, some other method of fire protection 
should be adopted. That most generally used, is 
the installation of water sprays (controlled from 
surface) in both the shaft and shaft stations. In 
addition to such a spraying system, a complete con¬ 
trol of the ventilating currents on each level, by- 
means of fire doors, must be provided. These should 
also be controlled from surface. Unless an abso¬ 
lute check of the ventilating current, by means of 
these doors, is obtained, the water from the spra 3 rs 
would, in the case of a shaft fire, force the smoke 
and gas into the workings. 

No. 2.—^The areas of all downcast working 
shafts should be large enough to permit a sufficient 
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volume of ventilating air to pass through without 
an excessive velocity. Where working shafts are 
‘already in operation, other provisions must be 
made, but when the sinking of new working shafts 
is contemplated, this point should be borne in mind. 

No. 3.—In all downcast shafts, the cages should 
be provided with gratings on the bottom, in order 
to offer as little resistance to the air as possible, 
and the bonnets should also be made of fine, strong 
screening instead of sheet iron, in order to allow air 
to pass through. 

No. 4.—^Provision should be made at all down¬ 
cast shafts for fireproof head frames, such as steel 
or concrete, and all buildings adjacent to shaft col¬ 
lars should also be fireproofed. 

No. 5.—As, in general, there is considerable air 
movement in all shaft stations, and as the majority 
of shaft fires have occurred in such locations, all 
stations should be fireproofed simultaneously with 
the shafts. 

No. 6.—^Where shafts are sunk for ventilation 
purposes only, such shafts should be circular and 
fireproof. The use of the circular shaft has been 
found through years of experience, to be preferable 
to the square or rectangular shaft, on account of 
its smaller perimeter for the same area. 

No. 7.—^The total outlet area of a mine should 
always be larger than the total intake area. Air 
entering a mine usually rises in temperature in its 
passage through the workings, thus increasing its 
volume. Therefore, the larger the final outlets of 
the mine, the less will be the resistance, and less 
power will be required to force the given volume of 
air through the workings. 

No. 8.—It is advisable that the velocities in 
main operating shafts do not exceed 1500 feet a 
minute. Tliis, however, does not apply to shafts 
which are used for ventilation only, and which are 
not used as traveling ways for men, as the velocity 
in these latter shafts may be much higher. 

No. 9.—^Wherever the mining method permits, 
the ventilating air should be drawn off on various 
levels, rather than forcing the entire volume down 
to the bottom of the shaft and allowing it to ex¬ 
haust upwards through the workings. The former 
method will allow a more even distribution of air 
throughout the entire mine workings, with a great 
deal less friction than the latter. Moreover, in 
the latter method, where the air is carried to the 
lowest level before being split up, the entire volume 
is, first of all, drawn through restricted areas for 
great distances, which naturally results in the maxi¬ 
mum amount of friction. 

Secondly, the impurities and moisture taken up 
by the air in the lower workings are then carried 
upwards continuously, through all the upper levels, 
having not only a detrimental effect on the men, 
but keeping the upper workings in a moist and 
usually hot condition. 

It has long been reco^ized that wherever pos¬ 
sible, the division of a mine into separate ventilat¬ 
ing districts, or air splits, is most advantageous. 
These currents of air, should be conducted as di¬ 
rectly as possible to the upcast shafts. 

No. 10.—It is recommended that the metal 
mines be urged to adopt standard areas for tunnels, 
drifts, passage-ways, and raises, which, while con¬ 
formable with economy, will permit the maximum 
flow of air, with the minimum friction. 


_ VENTILATION DATA. 4^^^ 

The use of frequent raises, in ore bodies mined 
by practically every underground mining system, 
has been found to be most advantageous from an 
efficiency standpoint, as the greater the number 
of raises, the less the hand labor required in pass¬ 
ing the ore, and the greater the efficiency. 

No. 11.—So-called “abandoned workings” in 
metal mines, from which the ore has not been en¬ 
tirely extracted, or which have future prospect 
values, should be provided with some form of eco¬ 
nomical regulator door or stopping, which, while 
cutting off the major flow of air from entering these 
so-called “abandoned workings,” allows sufficient 
•air to pass through to prevent decay. Abandoned 
workings which are filled with waste, or cave of 
their own weight, and from which all ore has been 
extracted, require no ventilating air, and generally 
seal themselves. 

No. 12.—^In all new sections of a property, which 
are being developed for stoping purposes, the ven¬ 
tilation should be planned simultaneously with the 
stoping, and expanded along with the mining op¬ 
erations. 

No. 13.—For many years, the coal miners of 
both Europe and America, have recognized the 
great importance of air movement, not only in main 
traveling ways, but also at the various working 
faces. To secure such movement at the woricing 
faces in metal mines is far more difficult than in 
coal mining. However, the reat test of an efficient 
primary metal mine ventilating system is the num¬ 
ber of working faces which are provided with ade¬ 
quate air movement. This can be obtained through 
judicious coursing of the air currents, by means 
of air connections advantageously located, the use 
of stoppings, ventilating doors, brattices, occasional 
overcasts, etc. 

No. 14.—^In general, all mines should be provided 
with a primary and a secondary ventilating system. 
The primary ventilating system to consist of large 
mine fans, advantageously located according to local 
conditions, and, if efficient, to thoroughly ventilate 
from 75% to 95% of the workings. The secondary 
ventilating system to consist of small blowers with 
ventilating pipe, for use in dead ends only, such as 
long drifts, raises, or stopes located in isolated 
sections of the mine. 

The secondary ventilating system should never 
ibe allowed to supercede the primary ventilating 
system, as such procedure is not only inefficient 
but very costly. All efforts should be directed to¬ 
wards improving the primary ventilating system, 
in order to have it ventilate as much of the mine 
as possible. 

No. 15.—^The use of either pressure or exhaust 
systems cannot be standardized, but must be de¬ 
cided according to local conditions at the mine about 
to be ventilated. This also applies to the location 
of fans for primary ventilating systems. Certain 
conditions may require surface installations, while 
other mines may be served more adequately by fans 
installed underground. The design and size of fans, 
volume of air, and water gauge, all depend largely 
on local conditions. 

No. 16.—^In general, large mine fans should be 
reversible. 

No. 17.—^In mines which are so dry that dust 
is readily formed, spraying systems should be in¬ 
stalled to lay the dust and humidify the mine air 
sufficiently to prevent excessive evaporation. 


MINING CATALOG 


SECTION X 


Digitized by 


Google 


470 


VENTILATION DATA. 


MINE VENTILATION FORMULAS 


To illustrate the use of the formulas, we take as an example 
an underirround road, 6 ft. wide and 4 ft. high, and 2,000 ft. in 
length, and calculate the value of each symbol or letter, as¬ 
suming a velocity of 500 ft. per minute. 



Symbol 

Value of Symbol 
for this Particu¬ 
lar Example 

Area of airway 5 ft. x 4 ft.). 

1 a 

1 20 sq. ft. 

Horse power . 

h 

2.959 H. P. 

Coefficient of friction. 

k 

.0000000217 

Length of airway. 

, 1 

2.000 ft. 

Perimeter of airway, 2(6 ft. -h ^ ft.) 

o 

18 ft. 

Pressure (lb. per sq. ft.). 

P 

9.765 lb. 

Quantity of air (cu. ft. per min.).. 

q 

10,000 cu. ft. 

Area of rubbing surface. 

s 

36,000 sq. ft. 

Units of work per minute (power). 

u 

97,650 ft.-lb. 

Velocity (ft. per min.). 

V 

500 ft. 

Water gauge . 

i 

1.8788 in. 

Equivalent orifice of the mine. 

A 

2.919 sq. ft. 

Potential for power. 

X 

217.16 units 

Potential for pressure. 

x“ 

3,200 units 

Weight of 1 cu. ft. of downcast air. 

w 

.08098 lb. 

Motive column (downcast air). 

M 

120.5 ft 

Depth of furnace shaft. 

D 

306.77 ft 

Aver. temp, of upcast column. 

T 

350* F. 

Aver. temp, of the downcast column 

t 

32“ F. 


On the right side of each formula, the various calculations, 
Ijased on the example given, are worked out in figures. 
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INSTALLATION OP FANS 


There are four general types of fan installa¬ 
tions. See P^g. 3. 

1. Single inlet exhausting, as shown in Ar¬ 
rangements 1 and 2. 

2. Double inlet exhausting, as shown in Ar¬ 
rangements 5 and 7. 

3. Double inlet blowing, as shown in Arrange¬ 
ments 4 and 10. 

4. Double inlet reversible, as shown in Ar¬ 
rangements 3, 6, 8 and 9. 

Frequently the reversal of the ventilating sys¬ 
tem is referred to as “reversing the fan.” T^iis 
is an erroneous and misleading expression, as the 
direction of rotation of the fan wheel remains the 
same, no matter whether running exhaust or blow¬ 


ing. It is solely the air current that is reversed, 
and this is done by closing and opening certain 
doors which control the entrance of air to the eye 
of the fan and its delivery either to the evase chim¬ 
ney or the fan drift. See arrangements 3, 6, 8 
and 9. 

In several of the arrangements shown, it will 
be noted that the fan is set in a direct line with the 
air course. This is not to be recommended, since 
in the event of an explosion, the fan would be in 
the direct path of violence and likely to be badly 
damaged or totally destroyed. A better plan is to 
set it to the side. In addition to the protection 
thus gained, explosion doors may be provided 
which would be thrown open by the force of the 
blast and relieve the pressure before it reaches 
the fan. The presence of such doors is indicated 
in arrangements 8 and 10. 



Arrangement No. 7. Arrangement No. 8. Arrangement No. 9. Arrangement No. 10. 

Fig. 86—General Arrangement of Fans. 
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^^2 fans. __ BUCKEYE BLOWER COMPANY. 

BUCKEYE BLOWER COMPANY 

COLUMBUS. OHIO 

BRANCH OFFICES 

268 Candler Annex, Atlanta, Georgia 324 Monadnock Block, Chicago, Illinois 

Buckeye Centrifugal Mine Fans 


Design 

Buckeye Fans are correctly designed for efficient opera¬ 
tion, and substantially built of the best materials to with¬ 
stand the severe service and corrosion so destructive to 
mining equipment. 

Sizes 

Buckeye Mine Fans are built in all sizes, double or single 
inlet, with housings suitable for either blowing or exhaust¬ 
ing the air, or for both blowing and exhausting, which type 
is known as a reversible fan. There is a Buckeye Fan to 
meet every condition of mine ventilation. 

The bearing is the only wearing part in a fan, and if the 
steel is given adequate protection against corrosion, the life 
of the fan is limited only by the life of the bearings. 

Buckeye trunnion bearings are of the self-aligning type 
and chain oiled from a large oil reservoir. Wear is tnus 
reduced to a minimum and ample provision is made to take 
up such wear as it occurs. Ball Bearings are furnished for 
all sizes, if desired. 



Buckeye Reversible Multiblade Fan 


A Buckeye installation is compact and rugged in con¬ 
struction, and above all, absolutely reliable in operation. 
What does a shut-down mean to you? Your Buckeye Fan 
means dependable service at all times. 

SEND FOR BULLETINS 


Buckeye Cast Iron Blowers 

When direct motor driven, are universally used in con¬ 
nection with flexible tubing for ventilation. The double inlet 
type fans or blowers are used for furnishing blast to forge 
fires and furnaces. 

They may be used either as single inlet exhausters or 
double inlet blowers. 

They can be furnished for belt drive, or direct connection 
to standard electric motors. They mav be mounted on the 
floor as bottom horizontal discharge fans; hung from the 
ceiling as top horizontal discharge fans or mounted on the 
wall as vertical up or down discharge. 



Left-Hand Direct Motor Drive 


In ordering these fans, we should have the following in¬ 
formation, which will enable us to g^ive your inquiry a 
prompt and definite answer: 

Hand of discharge. 

Service required of fan. 

Air delivery wanted. 

Static pressure or resistance of Mine, 

Length of tubing required. 

Any other information available. 

To determine the hand of these fans, face the pulley side, 
then if discharge is on left, fan is left hand, and if on right, 
fan is right hand. 

Mining is your business; Ventilation is ours. Our Fan 
engineers are at your service. Send us your problems. Our 
suggestions or recommendations obligate you in no way. 


OAST ZBON BZiOWEB TABXB OF 0APA0ZTZB8 FOB MZBS ▼SHTZZA.TZON 


Fan 

Size 

1 

1 H Oz. ] 

1 1 Oz. 1 

1 IMs Oz. 1 

1 2 Oz. 

R. P. M. 

C. F. M. 

1 B. H. P. 1 

R. P. M. 

C. F. M. 

B. H. P. 1 

1 R. P. M. I 

C. F. M. 1 

1 B. H. P. |i 

R. P. M. 

I 

C. F. M. 1 

B. H. P. 

1 

5 

1700 1 

no 

.02 

2400 

150 

.07 1 

i 3000 



3400 

1 


1 .25 

6 

1400 

feo 

.06 

1975 1 

370 

.20 1 

' 2400 ! 

455 

.35 ' 

2900 

1 

535 

.60 

8 


520 

.12 

1 1250 

750 

.38 




1775 

1 




1 750 1 

920 

.21 1 

1 1050 1 

1300 

.65 ‘ 


f 1600 1 

L2[ 

1475 

1 




Size 

1 R. P. M. 

1 C. F. M. 

1 B. H. P. 

1 R. I’. M. 

1 C. F. M. 1 

1 B. H. P. 1 R. P. M. 

1 II 

1 C. F. M. 

1 

B. H. P. 

1 

1 R. P. M. 1 

C. F. M. 

1 B. H. P. 

5 

1 3800 1 


1 .30 1 


1 260 1 

.40 1 

1 

1 1 

1 




6 



1 .75 1 

3400 



4000 



1 1 

I 


8 ' 





1 1300 


2500 


2.75 


1 1800 


10 


1 2050 1 

1 2.60 1 

1 1800 1 

1 2280 


2100 


4.80 

■kLLLH 

1 3250 

1 8.10 


For larger capacities, write for quotations. 


Direct Motor Driven Fane With Flexible Tubing 


No. 8—moo R. P. M. 

No. 8—1800 R. P. M. 

No. 10—1200 R. P. M. 

No. 10—1800 R. P. M. 


1 H. P. Motor. 
3 H. P. Motor. 

2 H. P. Motor. 
5 H. P. Motor. 


U.se not over 200 F"eet of 8" 

Use not over 200 Feet of 8" 

Use not over 300 Feet of 10" 

Use not over 300 Feet of 10" 


Tubing. 

Tubing. 

Tubing. 

Tubing. 
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BUCKEYE BLOWER COMPANY 


FANS, 


[73 



Type A, Buckeye Disc Mine Fan, Equipped With Hyatt 
Bearings 


Type B, Buckeye Disc Mine Fan, Showing Back View 
of Fan 


Disc Fans 

Disc Fans are recommended for small low 
pressure installations or for booster service. A 
Disc Fan is not a pressure fan. 

Buckeye Disc Fans are too well known to need 
any description. They are carried in stock in the 
three, four, five, six and eight feet sizes with fan- 
wheel set to draw the air over the pulleys. Other 
sizes are built to order, and if so ordered any size 
can be assembled to blow over the pulley. 


Where the standard pulley is not desired, we 
can furnish the proper size pulley required. 

Service 

Buckeye service is unequaled. The leading sup¬ 
ply house in your district carries these fans in 
stock; prompt shipment can be made from one of 
our dealers, or direct from factory. 

Remember, a fan too small for the work at 
hand is a constant disappointment. If in doubt 
order the larger one. 


DUO FAV OAPAOITT VABU FOB lOVa V HB T Ili ATIOB 


1 

Pressure | 

! Pressure 

Pressure 

Pressure 

Pressure 

j 1" Pressure 

1 IV 4 " 

Pressure 

a 

g ' 



1 

p; j 

a 

X 

1 

cu 

1 . 

1 ^’ 


1 ^ 




1 

a 

X 

1 

1 X 

X 

Pk 

X 

X 

X 

o 1 
•2 1 
09 


Pk 

X 1 


PU 

w 1 

1 - 


X 

* 

pC 

X 


PU 

X 

1 

1 ^ 

X 

X 

X 

X 

X 

1 “ 


PQ ' 

I 

6 

X 

ra 1 

i 

1 


PQ ‘ 

i d 


« 1 

d 

X 

pq 

d 

X 

m 

d 

1 

X 

PQ 

1 

36 

1 1 

5800 

1 

450 

1 

.651 

1 

7250 

660* 

i.io! 

1 1 

1 89001 

680 

2.10 

980o| 

730 

2.60 

11000* 

790* 

3.90 

12800* 

1 

910 

1 6,10 

1 

1450011120 

12.00 

42 

82501 

398 

1.05 

10000 

485 

1.871 

i| 116201 

570 

2.87 

130001 

640 

4.00 

14610 

695 

5.45 

170001 

700! 

8.25 

20800 

980 

16.00 

48 

11100 

353 

1.38 

13600 

435 

2.541 

i 15650 

500 

3.90 

176001 

560 

5.45 

19700 

612 

7.40 

22800 

705 

11.20 

27900 

8601 

20.00 

54 

14000 

310 

1.76 

17100 

380 

3.18 

19750 

440 

4.90 

22000 

492 

6.85 

24800 

535 

9.15 

28760 

620 

14.26 

35200 

755 

26.00 

60 

17300 

280 

2.14 

21200 

344 

3.93 

1 24400 

398 

6.05 

27200 

4451 

8.45 

30500 

485 

11.40 

35000 

660 

17.00 

43500 

685l 

33.00 

72 

24700 

233 

3.00 

30000 

287 

5.55 

1 34600 

332 

8.55 

38600 

371 

12.00 

43500 

405 

16.10 

60500 

464 

126.45 

61400 

566] 

46.00 

84 

33500 

200 

4.12 

41000 

245 

7.60 

' 47300 

274 

11.70 

52500 

318 

16.30 

59500 

342 

22.00 

69000 

400 

135.00 

84000 

483 

63.00 

96 1 

43800 

175 

5,40 

64600 

215 

10.10 

1 62000 

250 

15.30 

69000 

278 

21.60 

78000 

’305 

30.00 

1 90000 

1350 45.00 

110000 

425 

80.00 

108 1 

50000 

155 

6.25 

68000 

190 

12.501 

1 780001220 

19.60 

88000 

250 

27.00 

98000 270 

38.00 

113000 

310 

155.00 

j70,00 

139000 

380 

100.00 

120 

67500 

140 

8.50 

84000 

170 

15.50 

f 97000 

ll 

|200 25.00 

107000 

1 

225 

36.00 

1 120000 

1 

|250 

45.00 

140000 

280 

170000 

1 

340 

125.00 


If the resistance is more than has been assumed above the resulting pressure will be higher, the volume of air delivered 
will be less and the horse power more. 
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AMERICAN BLOWER CO. 


AMERICAN BLOWER COMPANY 

DETROIT, MICHIGAN. U. S. A. 


ATLANTA, GA. 
BOSTON, MASS. 
CHARLOTTE, N. C. 
CHICAGO, ILL. 
CINCINNATI. OHIO 


CLEVELAND, OHIO 
COLUMBUS. OHIO 
DALLAS, TEXAS 
DENVER. COLO. 

GRAND RAPIDS, MICH. 


INDIANAPOLIS, IND. 
KANSAS CITY, MO. 
MILWAUKEE, WIS. 
MINNEAPOLIS, MINN. 
NEW YORK CITY, N. Y. 


OMAHA. NEB. 
PHILADELPHIA, PA. 
PITTSBURGH, PA. 
ROCHESTER. N. Y. 

SAN FRANCISCO. CAL. 


SALT LAKE CITY, UTAH 
ST. LOUIS, MO. 

SEATTLE, WASH. 
BALTIMORE. MD. 


^'Sirocco^^ Fans 




“SIROCCO” Mine Fans can be used to great advantage in metal mines and tunnels, where mechan¬ 
ical ventilation is required. 

Their many advantages, such as low cost of installation, low power consumption and low maintenance 

charges, showing at the same time a high efficiency, whether 
used for large or small volumes at high or low water gauges, 
blowing, exhausting or boosting, commend them to mine 
operators. 

Our long experience in the manufacture of such fans, and 
the fact that we have 
supplied such a large 
number of mining com¬ 
panies, both coal and 
metal mines, means we 
are in a position to 
recommend the kind of 
equipment which can be 
, X, .w. .... .. used to the greatest ad- 

Fig. 1. Reversible Sirocco Fan. Motor Side. vanta^6 

REVERSIBLE "SIROCCO” Fans, when required, can be 
supplied for this work, as shown in Figure 1. This fan clears 
away very rapidly the gases given off during blasting. When 
used for this purpose, they operate as exhausters and pick up 
the smoke and fumes near the working face and discharge into 
the return air current. After the gas has been removed, the 
fan is reversed and used as a blower, thereby driving clean air 
to the face. Metal ducts are necessary in this class of work, 
as canvas tubing could not be used for exhausting. 

“SIROCCO” Mine Ventilating Sets, adapted for use with 
canvas tubing, shown in Figure 2, can be used where it is not 
necessary to use the reversible “SIROCCO” Fan. These are 
made up in three sizes for capacities up to 7500 C.F.M., and 
for 8"' 12", and 16" tubing. Below we give a chart from which 

capacities may be determined for each size fan with different lengths and diameters of tubing: 


Fig. 2. “Sirocco" Fan for Use ivlth Tubing. 


SoalM for Cubto Foot For 
Minuto 


CHART—“SIROCCO” Ventilating Sets 
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THE JEFFREY MANUFACTURING COMPANY. 


FANS. 


m. 


The Jeffrey Manufacturing Company 

959-99 North Fourth Street, COLUMBUS. OHIO 

TTPB wzu orpzoas 

New York City, Room 2008, 30 Church St. Pittsburgrh, Pa., 2111 Farmers Bank BldiT* Chicago, Ill., 858 McCormick Bldg. 

Phone Cortlandt 6417 or Cortlandt 7241 Phone Grant 407 Phone Harrison 8008 

Telephone any of the type-wire offices mentioned above, and your request for Jeffrey Products or Service will be 
at once typed over our own private wire to Columbus, and the information given you quickly and without extra cost 


Jeffrey Ventilating Fans for Metal Mines 

We build a complete line of Stepped Multi-Bladed Fans for mine installaton; also Straitflo (Disc Type 
Fans) for ventilation of small mines or as boosters. Fans and Exhausters for building ventilation. 


The photographic illustrations below 
speak for themselves. Very frequently 
the Stepi^d Multi-Bladed Fan has paid 
for itself in one years’ operation because 
of its power-saving factors, and efficient 
ventilation. 


They are built 
in sizes from 2' to 
20' in diameter— 
capacities from 
10,000 to 600,000 
cubic feet. 


Write us for Catalog No. 280-D, the 
most complete ever published on the sub¬ 
ject of Mine Ventilation, Catalog 348-F 
on Straitflo Fans. Also copy of report 
made to American Mining (Congress per¬ 
taining to Ventilation of Mines. 
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VENTILATING TUBING. 


BEMIS BRO. BAG COMPANY. 


Bcmis Bro, Bag Company 

ST. LOUIS. MO. 


Manufacturers of 


rLEXKVE 


-A CANVAS AIR TUBING 

FOR METAL MINES 


A REAL TIME SAVER—BETTER THAN METAL OR 
WOODEN PIPING 

This flexible air tubing made from strong canvas, is 
impregnated chemically to render waterproof and air¬ 
tight. It resists dry rot and decay—^has been tested 
to resist acid water in metal mines. Furnished in 25, 50 
and 100 ft. lengths, with metal couplings at each end. 


What It Does 

LOWERS PRODUCTION COSTS IN ALL DRIFT, 
SHAFT AND RAISE WORK. Carries a fresh supply 
of air from a fan or blower right against the face in 
drifts, shafts, raises and stopes. Clears fumes immedi¬ 
ately, eliminates lost time and lowers temperatures. Pays 
for itself in several hundred feet of drift work. 

How Installed 

FLEXIPIPE is hung from an overhead wire by 
means of metal hooks which are supplied with it. It can 
be suspended from any ordinary wire not less than 
diameter, attached to “sprags” placed at about 15-foot 
intervals in the roof. No tools are required other than 
a hammer and a pair of pliers. 


Coupling 

To put together any two lengths of FLEXIPIPE, 
compress one coupling and insert into the other. The com¬ 
pressed coupling when released will expand and make an 
airtight joint. 


Blower Outfit 

FLEXIPIPE is used with a pressure blower. An out¬ 
fit with blower directly connected to motor, similar to 
the one shown in the illustration, ^ves the best results. 
We can furnish this complete, as illustrated, with start¬ 
ing switch, leads, base and a motor suitable for the 
voltage in your mine. 

Accessories 

We supply metal T’s, Y’s and L’s for turning or divid¬ 
ing the air current, also special collars for suspending 
the tubing vertically in shafts. 

IF YOU WANT TO GREATLY REDUCE YOUR 
PRODUCTION COSTS, WRITE AT ONCE 
FOR FULL PARTICULARS 


OUR NEW IMPROVED TUBING — TESTED TO 
RESIST ACID WATER IN METAL MINES —WITH¬ 
STANDS DRY ROT AND DECAY. 


SECTION X 



To Connect Two Sections Partly Remove from 
Suspension Wire to Facilitate HandliniT 



Complete Model **B’* Blower Outfit 
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E. I. du Pont dc Nemours & Company, Inc. 

Pabrikoid Divisioo, NEWBURGH, NEW YORK 


MINEFAB—^For Covering Concentrat¬ 
ing Tables 

MINEFAB is a specially treated 
fabric of great tensile strength made 
permanently impervious and flex¬ 
ible by the thorough impregnation of 
both its surfaces with a non-deteriorat¬ 
ing, wate^roof, compound, highly re- 
tenance. Many Ventube installations are in use sistant to chemical action and to abrasion. It is the 
and have proved their value in increasing produc- only material ever made for the specific purpose of 
tion by providing better working conditions under- covering concentrating tables. Its capacity for with- 
ground. (Write us for booklet on Ventube). standing the difficult conditions of metal recovery is 

the result of a careful analysis of these conditions and 
Sizes, Fittings, Couplings its adjustment to them by scientific manufacture. 


VENTUBE 

A flexible ventilation tubing made 
of an extremely rugged fabric that is 
waterproof, fungus-proof and highly 
resistant to all acid and alkaline condi¬ 
tions met in mining operations. Its 
long service life makes it very efficient 
from the standpoint of cost and main- 





Ventube is supplied in standard length tubes of 
25, 50 and 100 feet each, in standard diameters of 
8, 12 and 16 inches. Fittings to meet all require¬ 
ments are supplied in the same diameters. (See 

tables for weights 
and dimensions). 

The ends of Ven¬ 
tube sections and 
Ventube fittings 
are equipped with 
Braly patent ring 
couplings. All that 
is necessary to fas¬ 
ten two sections 
together is to 
squeeze either one 
of the rings to re¬ 
duce its diameter 
and slip it through 
the other. Then pull 
back so that the inside ring rests snugly against 
the flange of the outer ring. 

Suspension Accessories 

We recommend No. 8 B. & S. gauge galvanized 
iron wire hung close to the roof and tightly 
stretched, as a support. The Ventube is hung from 
this supporting wire by suspension hooks furnished 
for attachment in grommets placed in the suspen¬ 
sion seam of the tubing. For hanging Ventube in 
shafts or raises a special suspension collar is fitted 
around the regular coupling. A single workman 
can put up 2,000 feet of Ventube in one shift and 
can take it down as easily. 


snBBKSions or vnaTOBS Ain> rxTTzvos 
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8 " 1 

12" 

r 

16" 


Angles 45“. 

8%x 8%x2J^ 

13 xl3 x3%; 

17 

xl7 

x3 

Angles 90*. 

8%x 8Hx2%| 

13 xl3 x3%l 

17 

xl7 

x3 

Ts. 

10 xlO x5 1 

14 xl3^x5 i 

18 

xl7Ux5 

Ts. 

lOVaxlO x5 

15 xl4 x5 

19 

xl8 

x5 

Off Sets. 

8%x 8Hx2% 

13 xl3 x3% 

17 

xl7 

x3 

Pan Nipples. 

^ 8%x 8%xl% 

12%xl2Hx2 ! 

17 

xl7 

x2 

Fan Connections.... 

1 8%x 8%x2 

12^x121/2x2 1 

17 

xl7 

x2% 

Screens. 

9 X 9 x2U 

13%xl3%x2%l 

17 

xl7 

x2i4 

Suspension collars... 
25 ft. lengths | 

9x9 x2^ 

13 xl3 x2i^ 

17 

xl7 

x2% 

Ventube. 

60 ft. lengths 

15%xl0 x3%' 

22 xl4 x3 . 

28 

xl7 

x2% 

Ventube. 

100 ft. lengths 

15^xll%x5 

16 xl4 x7 * 

22 xl5 x4Va 

'29 

xl8 

x4 

Ventube. 


22 xl6 x7 

129 

xl9 

x6 

Reducers. 

13%xl8 x2 1 
(12**—8'') 1 

17 xl7 x2 1 
(16"—12") 1 

17 

I 1 

xl7 

fl6"— 

8^__ 



Portable Fan and Ventube Blowina 
Air Into a Stope. Such Equipment 
Also Useful for Fire-flantlna. 



VENTUBE Goes Anywhere. A Sharp Turn Under a 
Lfoading: Chute. 

MINEFAB is so pliable that the entire table can 
be covered by carrying it over the frame, under the 
feed box, over and under the waste edge, etc. This 
will preserve the entire deck as no moisture can 
seep through MINEFAB into the wood. Low tem¬ 
peratures will not cause MINEFAB to grow brittle 
or crack in handling or in use. Its pliability is per¬ 
manent. 

MINEFAB is highly resistant to the reactions 
of acid and alkaline solutions and to a cynaide solu¬ 
tions. This chemical stability and the resistance 
of its exceedingly tough surface to abrasion gives 
it a service life far greater than that of the ma>- 
terials it replaces. 

MINEFAB is supplied 72 inches wide in rolls 
containing 30 lineal yards. The material is pure 
white on one side and black on the other, the side 
is used which gives the best contrast with the ore 
being worked. MINEFAB weighs 3 lbs. per lineal 
yard. 

WEIOKTS or VKKTXTBB AKS rZTTXKCW 
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8" 

12 


16 

#r 

Angles 45“. 

2 

lbs. 

2% 

lbs. 

3% 

lbs. 

Angles 90“. 

234 

lbs. 

2Wfi 

lbs. 


lbs. 

Ys. 

2Vi6 

lbs. 

5% 

lbs. 

7 % 

lbs. 

Ts. 

3 

lbs. 

i% 

lbs. 

6 

lbs. 

Off Sets. 


lbs. 

3140 

lbs. 


lbs. 

Fan Nipples. 

2% 

lbs. 

2% 

lbs. 

3 % 

lbs. 

Fan Connections. 

4% 

lbs. 

6% 

lbs. 

7 % 

lbs. 

Screens. 

lbs. 

% 

lbs. 


lbs. 

Suspension collars. 


lbs. 

1 

lbs. 

1 % 

lbs. 

25 ft. lengths Ventube. 

11% 

lbs. 

15% 

lbs. 

18 

lbs. 

50 ft. lengths Ventube. 

21% 

lbs. 

28% 

lbs. 

33% 

lbs. 

100 ft. lengths Ventube. 

40 

lbs. 

55 

lbs. 

65% 

lbs. 

Reducers. 

2% 

(12"- 

lbs. 

-8") 

4% 

(16"- 

lbs. 

-12") 

(16^- 

lbs. 

-JD. 


Add 20% to above weights when estimating the shipping 
weight of Ventube and Fittings in cases. 


VENTURE and MINEFAB Are Made By 
E. 1. DU PONT DE NEMOURS & CO., Fabrikoid Division, Newburgh, N. Y. 
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SEC11C5N XI 

Mine Lighting 


WLTmMk 

.MININCi 

kCAlAtOCi 




FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


THE FOLLOWING MANUFACTURERS and DEALERS 
ARE REPRESENTED IN THIS SECTION^^ 


Edison Storage Battery Co. 

Grier Bros. Co., The 
Justrite Manufacturing Co. 

Shanklin Manufacturing Co. 

Union Carbide Sales Co. 

Wolf Safety Lamp Company of America, Inc. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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MINE LIGHTING DATA, 


THE DEVELOPMENT OF MINE 

LIGHTS 


Electric Lights 

Electric lamps were placed on the market in 
1902, but, on account of the objections common 
to aU the earlier types, they were not favorably 
received. 

In 1909 the Tungsten miniature lamps were first 
placed on the market in America for limited or 
special commercial uses. The efficiency or watts 
per candle, was about three to four times better 
than the carbon lamp. 

In March, 1911, Thomas Edison became inter¬ 
ested in the development of a practical miner’s lamp 
and in May, 1912, the first lamps made by the Edi¬ 
son Storage Battery Company appeared, and con¬ 
currently the Wico lamp was introduced. 

During the latter part of 1913 the Bureau of 
Mines, through H. H. Clark, became interested in 
the electric cap lamp, and after a personal tour of 
inspection and investigation took up the work with 
a view of standardizing its various features. Their 
chief concern was safety, thus making the lamp 
acceptable for general mine use. All available 
makes were studied and tested, and as a result a 
schedule of official tests was prepared, which was 
used in establishing a list of permissable safety 
lamps for use in mining. This step was the means 
of bringing home to the manufacturer the realiza¬ 
tion that the electric cap lamp was here to stay 
and created not a little competition to produce the 
best lamp possible. 

Today we find the cap lamp comprising a non- 
spillable battery mechanically protected by an 
aluminum or steel case having the cover locked and 
arranged to be carried on a belt, a special twin flexi¬ 
ble conductor convesnng the current from the bat¬ 
tery to the lamp on the cap, encased for a short 
distance at both ends by flexible steel armor, serv¬ 
ing as an anchor and preventing sharp bending. 
The lamp consists of a parabolic reflector equipp^ 
with safety features, in which is mounted a tungs¬ 
ten lamp, the opening supporting a glass lens 
cushioned on gaskets held in place by a cap or 
spring, and provided with a hook to fit into the 
miner’s cap. 

When wearing the outfit a man can put himself 
in any position without restraint. It does not in¬ 
terfere with free motion of the body in any direc¬ 
tion. He can use all tools and perform any de¬ 
sired work with as much freedom as when wearing 
the oil cap lamp. 

Special combination charging stations are pro¬ 
vided with facilities for charging, cleaning and 
filling both the electric lamps and the oil safety 
lamps. 

The electric cap lamp has fully passed the de¬ 
velopment stage though improvements will doubt¬ 
less continue, thus brining it to a higher degree 
of perfection as the requirements are better under¬ 
stood and apprciated by the users.* 

The electric hand lamp differs from the cap 
lamp only in detail. The battery and bulb are 


brought together into one unit and thus the cord 
is eliminated. As with the oil safety lamp it is 
carried by means of a bale and when at the work¬ 
ing face can be hung on a post conveniently close to 
the workings. While the weight of the hand lamp 
is frequently cited as an objection it must be borne 
in mind that this weight is not continually carried 
as the case with the cap lamp. 

The Acetylene Lamp 

Acetylene gas was accidentally discovered in 
183& by Professor E. Davy, of Dublin; but not until 
1892 was it produced at a commercially cheap rate. 
It was likewise accidentally discovered by H. Mois- 
say, who, while conducting experiments with an 
electric furnace, noticed that the wall of the furnace, 
consisting of lime, fused into a liquid state at 3,000 
degrees. Centigrade, and that a combination be¬ 
tween it and the carbon of an electrode produced 
calcium carbide. T. L. Wilson, by accident also, 
while experimenting with an electric furnace, 
discovered a method which resulted in the manufac¬ 
ture of calcium carbide on a large scale. 

“ Carbide lamps are too well known to require de¬ 
scription. The following advantages over oil or 
candle light are claimed for them: 

1. Produce no carbon monoxide. 

2. Produce 1/10 the. amount of carbon dioxide, 
and 1/13 the amount of water vapor that an equal 
light of candles would produce. 

3. Consume only 1/5 as much oxygen. 

4. Give a 4 to 6-candlepower light. 

5. Cost less, being about eight cents for a 10- 
hour shift. 

Their use has extended into nearly all the States. 
Some of the early objections to the use of carbide 
lamps are as here stated, but improvements made 
and a better understanding of the lamps have done 
much to weaken these. 

First—^The offensive odors from unconsumed 
carbide when the bottom is emptied in the mine. 

Second—Gas escaping at the screw top. 

Third—^The scattering of fresh carbide on the 
damp floor, with the danger that the fumes from 
it may be ignited and cause injury to life and 
property. 

Fourth—^The possibility of fumes being given 
in the burning that are injurious to the sight and 
health. 

Carbide Safety Lamp 

In intelligent hands this lamp can be used suc¬ 
cessfully and an excellent light is afforded, which 
amply compensates the disadvantages 

•For a very interesting: account of the development of the 
electric cap lamp In Amerlco., see paper by J. T. Jenningrs, 
“Historical Development of the Miners* Electric Safety Cap 
Lamp,” Proceedingrs Coal Mining: Institute of America, 1916, 
and which has been drawn upon In this article. 
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CARBIDE. 


UNION CARBIDE SALES COMPANY. 


UNION CARBIDE SALES COMPANY 


NEW YORK 

Carbide and Carbon Bldg. 
30 East 42nd St. 


CHICAGO 
Peoples Gas Bldg. 

WAREHOUSES IN 160 CITIES 


SAN FRANCISCO 
Balfour Bldg. 


^^Mincrs Lamp^^ Union Carbide 


Union Carbide For Mine Lamps 

“MINERS’ LAMP" UNION CARBIDE—Packed 
in 100-pound drums; 25-i)ound drums; 2-pound cans 
—24 cans to the case; 10-pound cans-^ cans to 
the case. 

Manufactured by Union Carbide Company, the 
Original Producers of Commercial Calcium Carbide 
and today the world’s largest makers of this 
product. 

“MINERS’ LAMP’’ is a size of UNION 
CARBIDE specially adapted for use in Miners’ 
Carbide Lamps. 

Because of its special selection, 
uniform high gas yield, special siz¬ 
ing and screening, and freedom 
from dust, “Miners’ Lamp’’ Union 
Carbide is the most economical and 
satisfactory Carbide for use in 
Miners’ Lamps. 

“Miners’ Lamp” Union Carbide 
will keep indefinitely if protected 
from air and moisture. 

UNION CARBIDE—WORLD'S 
BEST QUALITY—HIGHEST GAS 
YIELD. 

Union Carbide has for more 
than twenty-five years been recog¬ 
nized as the World’s Standard for 
Quality in Carbide. 

The use of Union Carbide re¬ 
sults in greatest satisfaction and 
lowest cost, because: 

It has the greatest gas content 
and is always uniform and depend¬ 
able in quality. 

Union Carbide is always the 
same—always highest grade and 
most carefully selected. 

When using highest gas yield¬ 
ing Carbide, lamps and other apparatus require 
recharging less frequently. 

Considerable time and labor is saved by the 
smaller number of char^ngs. The time saved can 
be applied to other duties. 

The wear and tear on the lamps, or other ap¬ 
paratus, is lessened by reducing the number of 
rechargings. 

There is a smaller quantity of residue to 
handle per unit of gas consumed, when highest gas 
jdelding Carbide is used—another worth-while sav¬ 
ing in time and labor. 

When Carbide having the highest gas value is 
used, a saving is effected in the cost of transporta¬ 
tion and handling charges in proportion to the 
amount of gas actually generated. 

The correct uniform sizing and careful screen¬ 


ing of UNION CARBIDE assists greatly in the eco¬ 
nomical, efficient and uninterrupted operation of 
lamps and generators. 

Because of the faithfully sustained, always de¬ 
pendable quality of Union Carbide, it is easy for the 
Carbide user to estimate his Carbide requirements 
from time to time. 

What Union Carbide Is Used For 

In addition to being used by more than a million 
miners in cap lamps, hand lamps and other portable 
and stationary mine lighting equipment. Union 
Carbide, crushed to the several 
regular commercial sizes, is exten¬ 
sively used for the following pur¬ 
poses : The lighting of country 
buildings of all types and sizes; 
cooking; the oxy-acetylene process 
for welding and cutting all metals; 
contractors’ torches and flare 
lights; lighthouses and bouys; 
train, locomotive, railroad signal 
and station lighting; motor vehicle 
lighting; IHe saving equip¬ 
ment ; fire departments; physicians’ 
lamps; scientific and laboratory 
purposes; searchlights; moving pic¬ 
tures ; stereopticans; hunting and 
trapping, fishing, camping and boat 
lighting; gathering cotton and 
small fruits at night; night opera¬ 
tion of tractors and other farm im¬ 
plements; steam boiler and other 
inspection work; and scores of 
other uses. 

Our Blue and Gray Package 

Union Carbide is always packed 
in distinctive Blue and Gray con¬ 
tainers. The excellence of our 
package is in keeping with our aim 
to diligently protect the interests of users of our 
product in the matter of Carbide quality from the 
time if is packed at the Works until it is consumed 
by the user. 

Union Carbide will keep for years in the original 
package without deterioration. 

The Blue and Gray package is, therefore, a sym¬ 
bol denoting: best grade Carbide; highest gas 
value; uniform dependable quality, and purest gas. 

Our Nation-wide Distributing System 

For the convenience and economy of Carbide 
users we carry large stocks of Union Carbide in 
our own warehouses, at 150 convenient shipping 
points throughout the country. 

Shipments are made the same day that orders 
are received. 



Directory of Union Carbide Sales Company’s Warehouses Appears on Opposite Page 
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UNION CARBIDE SALES COMPANY 


CARBIDE 


Union Carbide Sales Company’s 
Remarkable Service and Distributing System 


Shipments are made same day orders are received at our Warehouses located in the following cities. 
Orders can be addressed to Union Carbide Sales Company, at any one of the addresses given bdow. 


AL.ABAMA 

Birminerham.12 So. 20th St. 

Mobile.16 So. Commerce St. 

Montgromery.15 Washingrton Ave. 

ARIZONA 

Phoenix.42 So. Central Ave. 

ARKANSAS 

Ft. Smith.128 So. »th St 

CALIFORNIA 

Fresno.'.932 H. St. 

Los Anaeles.639 Gibbon St. 

Oaklana..(See San Francisco) 

Sacramento..217 O. St 

San Diegro.7th & J. Sts. 

San Francisco. 

.Balfour Bldgr.. 851 California St. 

COLORADO 

Denver.19th & Waxee St. 

CONNECTICUT 

Hartford.412 Trumbull St. 

DISTRICT OF COLUMBIA 

Washingrton . 

.Maryland Ave. & 9th St, S. W. 

FLORIDA 

Jacksonville.,.13 Cedar St. 

Tampa.805 Tampa St. 

GEORGIA 

Atlanta.Haynes & Rhodes Sts. 

Savannah . 

... Ogreechee Canal & Brougrhton Sts. 

ILLINOIS 

Chicago.122 So. Michigan Boulevard 

Danville.611 Oak St. 

Decatur.133 W. William St. 

B. St. Louis.700 Broadway 

Marion.316 So. Granite St. 

Monmouth.124 E. Archer Ave. 

Peoria.100-110 Edmund St. 

Quincy.313 Delaware St. 

Springfield.1801 Washington St. 

Streator.601 E. Hickory St. 

INDIANA 

Evansville.1601 Illinois St 

Ft Wayne.2216 Broadway 

Indianapolis... .110-112 So. Alabama St 

Terre Haute.921 Wabash Ave. 

IOWA 

Davenport.118 Harrison St. 

Des Moines.3rd & Elm Sts. 

Dubuque.8th A Washington Sts. 

Ottumwa.. .207-9-11 So. Wfwhington St. 

Ft Dodge.Central Ave. & 16th St. 

Sioux City.926 4th St 

Waterloo.1209 E. 4th St 

xr A MQ A Q 

Pittsburgh.109 W. 3rd St 

Salina.154 No. 5th St 

Wichita.Douglas & Sycamore Ave. 

KENTUCKY 

Beaver Creek.P. O. Allen, Ky. 

Central City.306 Broad St. 

Louisville.126 E. Main St 

Middlesboro.1701 Cumberland Ave. 

LOUISIANA 

New Orleans.4124 Toulouse St. 

Shreveport.616 Market St. 

MAINE 

Portland.11 Exchange St. 

MARYLAND 

Baltimore.19 E. Lombard St. 

Cumberland.18 N. George St. 

Salisbury.Mill St. opp. Fulton St;a. 

MASSACHUSETTS 

Springfield.Napier St. 

Worcester;.15 Federal St. 

MICHIGAN 

Detroit.6785 Greenwood Ave. 

Grand Rapids. .500 Shawmut Ave., N. W. 

Hancock...First Natl. Bank Bldg. 

Iron Mountain.513 Stephenson Ave. 

Tronwood .*.. 

Jackson.172 So. Water St. 

Muskegon.301 W. Western Ave. 

Saginaw.1830-40 No. Michigan Ave. 

Saulte Ste Marie.. 


MINNESOTA 

Minneapolis.334 N. 1st St 

Virginia.413 Chestnut St. 

MISSOURI 

Kansas City.1422 St. Louis Ave. 

St. Joseph... .6920 So. .6th St. Sta. “A” 
St Louis.(See E. St Louis, Ill.) 

MISSISSIPPI 

Vicksburg.1312 Washington St 

NEBRASKA 

Omaha.1007-9-11 Jones St. 

NEW JERSEY 

Camden.Front & Division Sts. 

Newark.251 Ridgewood Ave. 




OHIO 

Athens.Cor. Factory & Moore Sts 

Canton.618 Mulberry Road S. B. 

Cincinnati.67 Plum St. 

Cleveland.601 Citizens Bldg. 

Columbus.310 Dublin Ave. 

Dayton.812-828 E. 1st St 

Lima.338 E. High St 

Mansfield.40 W. 3rd St 

Steubenville.324-343 No. 7th St 

Toledo.414 S. Erie St 

Youngstown.Jones & Brittain Sts. 

Zanesville.Main & 2nd Sts. 

OKLAHOMA 

McAllister.8 No. Main St 

Oklahoma City.4 W. Park Place 

Tulsa.1-11 No. Boulder St 

OREGON 

Portland.15th & Hoyt Sts. 


The 25 Pound Drum with Large Screw Top 
is an Economical, Convenient and 
Very Popular Package 


NEW YORK 

Albany.108 3rd Ave. 

Binghamton.27 Jarvis St. 

Brooklyn.382 Metropolitan Ave. 

Buffalo.1336 Genesee St. 

Geneva.Exchange St. & R. R. Place 

Hurleyville . 

Jamaica.11 New York Ave. 

Kingston.O'Neil St. near Broadway 

Niagara Falls ... 

Poughkeepsie . 

Smith St & N. Y., N. H. & H. Track 

Utica.135 Hotel St 

Watertown.438 Court St 

Whitehall.22-23 Main St 

NO. CAROLINA 

Charlotte.205 W. 1st St 

Raleigh . 

..204 W. Hargett St. P. O. Box 149 

Wilmington . 

. .Surry St., Bet. Castle & Queen Sts. 
Wilson.700 So. Goldsboro St. 

NO. DAKOTA 

Fargo. ..5th St. & 2nd Ave., N. 


PENNSYLVANIA 

Beaver.262 East End Ave. 

B'^Bois.Weber Ave. & Franklin St 

E. Queensburg.Clark & George St 

Erie..1426 Chestnut St 

Harrisburg.25 S. 10th St. 

Johnstown . 

St & B. & O.’rI R. 

Philadelphia.2nd St & Fishers Ave. 

Pittsburgh . 

... 1202 Chamber of Commerce Bldg. 

Pottsville.R. R. & Sanderson St. 

Scranton.Penn Ave. & Vine St 

Shamokin.5th & Walnut Sts. 

Williamsport.Canal & Court Sts. 

Wilkes-Barre-150 E. Northampton St 

SO. CAROLINA 

Charleston.3 Liberty St 

TENNESSEE 

Chattanooga.312 Pound Bldg. 

Knoxville.426 W. Depot Ave. 

Memphis.671 So. Main St 

Nashville.105-7-9 Broadway 

TEXAS 

Balias.1008 Canton St 

El Paso.First & Kansas Sts. 

Houston . 

. .Baker & Cedar Sts.. P. O. Box 1214 

San Antonio.115 So. Medina St. 

Waco.13th & Mary Sts. 

UTAH 

Salt Lake City. .108 W. Second South St 
VIRGINIA 

Lynchburg.1324 Commerce St 

Norfolk... .Natl. Bank of Commerce 

Bldg.. 300 Main St 
Richmond.'1709 E. Cary St. 

WEST VIRGINIA 

Bluefleld.195 Roanoke St 

Charleston. .. Broad St. & K. & M. R. R, 

Elkins.Railroad Ave. & 1st St 

Fairmont.Auburn St. 

Huntington.7th Ave. cor. 8th St 

Mount Hope.P. O. Box No. 416 

Morgantown.178 Clay St 

Mullens.P. O. Box 66 

Wheeling.43rd & McColloch Sts. 

Williamson.P. O. Drawer L. 

WASHINGTON 

Seattle.304 Railroad Ave. So. 

Spokane.162 So. Post St. 

WISCONSIN 

La Crosse.Front & King Sts. 

Madison.513-19 Williamson St. 

Milwaukee...120^134 Jefferson St 


UNION CARBIDE IS EASILY OBTAINABLE EVERYWHERE 

Requests for Information and Special Correspondence Should be Addressed to our New York, Chicago 

or San Francisco Offices 
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^2 CARBIDE LAMPS. 


THE GRIER BROTHERS COMPANY. 


THE GRIER BROTHERS COMPANY 

1411-1417 Brighton Road, PITTSBURGH, PA. 

Factory: PITTSBURGH, PA. Western Branch: HANCOCK, MICH. 

Manufacturers of 

Grier J. & T, Carbide Lamps 

The Miners’ Delight 


Products 

Carbide Lamps for Miners; Carbide Flasks— 
Tips and other repair parts; Miner’s Dinner Pails, 
Powder Cans and other miner’s equipment. 


J. & T. Tip Cleaner 

The J. & T. Tip cleaner with 
which Grjer Lamps are now equip¬ 
ped is a recent invention, and thor¬ 
oughly covered by patents. The 
cleaner is always with the lamp 
ready for instant use. The tip can 
be cleaned as often as necessary 
without extinguishing the light. 
It will save the miner both time 
and money. The cost added to the 
price of the lamp is very little 
compared to the advantages to be 
derived. 



Construction—^The device is so 
simple that there is nothing to get out of order 
from corrosion or otherwise. 


Cut Showing: How J. & T. Cleaners 
Are Installed In Grier Lamps 


A small wire of special composition works 
inside of the lamp, being housed in a brass tube 
and attached to a push button. A slight pressure 
on the button on outside of lamp injects the wire 
into the gas orifice in the burner and forces out 
any dirt or other matter lodged in 
the burner. 

The diameter of the cleaning 
wire is slightly less than the diam¬ 
eter of the gas opening in the 
burner, so that when the wire is 
projected into the opening the 
light will not be extinguished. 

It is not necessary to remove 
the lamp from the cap. 

All lamps tested before leaving 
our factory. Lamp equipped with 
Grier “Loc-on” reflectors and brass, 
lava insulated tips. All parts are 
easily replaced. Lamps made with 
2l^", 21/^" and S" reflectors. Not a better made 
lamp on the market. 



Inspector’s Lamp—Large Carbide Bottom 


Flat Hook Metal Miner’s Lamp 


Round Hook Goal Miner’s Lamp 
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JUSTRITE MANUFACTURING CO. 


CARBIDE LAMPS, 


JUSTRITE MANUFACTURING CO. 

. 2061-2081 Southport Ave., CHICAGO, U.S.A. 

Manufacturers of 

Carbide Mincr^s Lamps 

For All Mining Purposes 



Built to Glv« 8«rvlc« 


Products 

Miner’s Lamps—all t 3 T)es—^in brass, steel and 
aluminum. 

Miner’s Caps—Carbide Flasks—Burner Tips— 
and all necessary supply parts. 

Sanitary Pails and Oily Waste Cana. 


The models illustrated on this page are the most 
desirable for metal miners, and are known as 
“Metal Mine Lamps.” 

All lamps except “Little Giant” and "Uncle Sam” 
are equipped with self-lighter attachment. “Just- 
rite” Lamps are constructed on scientific principles 
—only the very best material and workmanship 
being used. Eveiy lamp is guaranteed. 

If interested in other models, consult our gen¬ 
eral catalog. 





LARGE TYPE LAMPS 


Cap Lamp 
No. 407—Wire Feed 
No. 707—Polygon 

Feed 

Burns 2% hrs. 
Brass or Nickel 


Superintendent’s Lamp 

No. 302—Bums 6 hrs. 
No. 95—Burns 4 hrs. 

Brass Nickel plated 


JUSTRITE 


No. 


Candle Stick Lamp 
103—Brass. Burns 4H Hours. 


“Arizona Special’’ 
No. 83—Burns 5 hrs. 
Brass 


No. 56—With Folding Handle 
Steel 


No. 306—Burns 6 hrs. 
No. 308—Burns 8 hrs. 
Aluminum 


“Little Giant’’ 

No. 110—Burns 6 hrs. 
Aluminum 


SPECIFICATIONS 

Burning Capacity—5 to 6 hrs. 
Candle Power—18 C. P. 
Weight—16% ounces. 

Charge (%" Carbide) 5 ozs. 
Height of Lamp—5% inches. 
Height to top of bail—7% in. 
Diameter Bottom—2% inches. 
Diameter Reflector —3 inches. 


No. 171—^Flame Protector 


The New “Acme” Steel Lamps 

Rustproof Finish—Half Shift Size 
Wind and Water-proof 

“A Strong and Rugged Steel Lamp." 

The “Acme” Lamp is 
so constructed that it will 
give the miner a depend¬ 
able and efficient light at 
the most economical cost. 

Note particularly the 
reflector, which fits snug¬ 
ly into the reflector 
brace, and is held in a 
permanent and rigid po¬ 
sition by the knurled nut 
—^not easily bent, broken 
or lost. Also equipped 
with No. 171 Flame Pro¬ 
tector. 

This lamp has been tried 
by many of the large mining 
companies, and has given 
most excellent service. 

Consistent with the cost 
of this lamp, it is the best 
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SHANKLIN MANUFACTURING CO. 


SHANKLIN MANUFACTURING CO. 

2725 - 27-29 S. Eleventh St., SPRINGFIELD, ILL. 

Miners^ Carbide Lamps and Supplies 


Products 

Miners’ Carbide Lamps; Carbide Lamp Supplies. 



Shanklin’s Carbide Lamps 

These lamps are made in a wide variety of 
styles, as described below. 

The outstanding feature of all lamps is the Guy 
Patented Water Dropper, which was perfected sev¬ 
eral years ago by 
Mr. Frank Guy, 
a practical miner, 
and we have used 
it for nine years 
in our lamps, dur¬ 
ing which time it 
has proved to be 
a most accurate 
and thorough de¬ 
vice for feeding 
water to our Car¬ 
bide Lamps. 

A feature of 
the Guy Water 
Dropper is the 
Valve Cleaner, 

Guy s Patented Water Dropper which is a knurled 

thimble put on the dropper between the button' and 
the end of the dropper tube. If dirty water is used 
and the dropper becomes clogged, a few turns of 
the valve cleaner with the fingers will open it up. 




No. 22 S. L. Lamp 

Has 2%" polished re- 
fiector, fastened to lamp 
with lock-nut screwed on 
burner tube. Reflector is 
strongly reinforced on 
back to protect it from 
accidents. Intended for 
use in rooms or entries 
•with high roofs. 

Brass lamp only, re- 

^ Corrugated or 

No. 22 Lamp, same as Hex. Bottom; Ftat Hook or 
No. 22 S. L., without 

self-lighter added to reflector. Retail price $1.00. 

No. 220 S. L. Lamp, 
same as No. 22 S. L., but 
nickel plated. Retail price 
$1.25. . 

No. 23 S.L. Lamp 

Has large, deep, high¬ 
ly polished 3-inch reflec¬ 
tor, fastened to lamp by 
lock-nut screwed to burn¬ 
er tube. Reflector strong¬ 
ly reinforced on back to 
protect it from injury. 

No. *3 s. L. corrugated or , Intended for inspec- 
Hex. Bottom; Flat Hpok or tors and Workmen need- 
Round Hook and Brace. 

Throws a bright spot of light 50 feet. 


Brass Lamp only. Retail price $1.15. 

No. 23 Lamp same as No. 23 S. L., except with¬ 
out lighter. Retail price $1.00. 

No. 230 S. L. Lamp is same as No. 23 S. L., but 
nickelplated. Retail price $1.40. 



No. 10 S. L. Superintendent’s Iiamp. 


No. 10 S. L. Lamp 

S u p e rintendent's 
hand lamp. Can be 
furnished with any of 
our reflectors, but is 
usually equipped with 
the No. 23 S. L. re¬ 
flector. 

Has 50 per cent, 
more capacity than 
our regular lamp and 
will bum 4 hours. Has 
large hook and large 
folding handles. 

Can be worn on 
the cap. 

Brass lamp only; 
retail price $1.50. 

No. 100 S. L. Lamp. 
Same as No. 10 S. L., 
but nickelplated. Re¬ 
tail price $1.75. 



No. 6 S. L. Lamp 

Has an extra large, deep 2%-inch reflector highly 
polished. Reflector fastened to lamp by lock nut in 
usual manner. Reflector 
strongly reinforced on back 
to prevent injury. Intended 
for superintendents or in¬ 
spectors needing an extra 
large, strong light. Throws 
a bright spot of light 50 
feet. Lamp is same size 
as regular cap lamp and 
equipped with handles. Can 
be worn either on the cap 
or carried in the hand. 

Retail price $1.35. 

No. 60 S. L. Lamp. Same 
as No. 6 S. L., but nickel¬ 
plated. Retail price $1.60. 

No. 4 Candlestick 

Slips on over bottom of 
lamp. Much stronger and 
better than a stick that clamps around the screw cap. Does 
away with the screw cap spreading and making a gas leak 

around the rub¬ 
ber gasket. Fits 
our cap lamps 
and four - hour 
lamps. 

Retail price 

Candlestick 30 cents each. 


No. 6 S. Lk Lamp 



Supply Kit 


No. 6 Candlestick 

Same as No. 4, but made to 
fit our half-shift lamps. Reti^ 
price 35 cents each. 

Supply Kit 

Contains an assortment of 
lamp supplies most frequently 
called for by the miner; also, 
the repair parts most likely to 
become lost or worn out, and 
which require replacement. 

Conveniently arranged in a 
strong, durable cardboard box 
with hinged cover. 

No. 1—$8.00; No. 2—$4.50. 
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WOLF SAFETY LAMP COMPANY OF AMERICA, INC. 


CARBIDE LAMPS. 


Wolf Safety Lamp Company of America, Inc. 

220-224 Taaffe Pla«, BROOKLYN, N. Y. 


Digitized by 


Google 


Miners^ Carbide Lamps 


No. 905a Carbide Hand Lamp 

This lamp is finished in steel tinned, with a 
sharp or plain hook and very similar to the 
No. 856, except it is equipped with a parabolic 
reflector protecting flame against dripping 
water. The burning time is 5 to 6 hours. 
Weight 1% lbs. Height 8^ inches. 


Carbide Lamp No. 856 Trip Light 
The attachment that fastens this 
lamp to the trip is constructed in such 
a way that no jars can affect the lamp. 
The lamp, however, can be removed at 
once if required as trouble light. 


No. 871 Carbide Lamp 

An ideal lamp where an enclosed flame is 
required. Lamp steel tinned. Reflector hood in 
brass with aluminum insert. Weight 3% lbs. 
Height 11 inches. 


Carbide Table Lamp No. 91 

Where gas or electricity is not 
available this table lamp will make 
any large room as light as day. It is 
handsomely finished in nickel-plate, 
has a beautiful opaque glass shade. 


Carbide Lamps No. 856 

This lamp is made in two 
sizes: smaller one has a 
burning time of 5 to 6 hrs.; 
larger size bums 7 to 8 hrs. 
Either of these lamps may be 
equipped with a reflector 
hood (as shown above) and 
both have the automatic non- 
adjustable water-feed. 

Made in brass and steel, 
heavily tinned. 


Write for complete catalog: and descriptive circulars describing our many other types of Carbide 
lamps and lanterns. We make a lamp for every purpose. 
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Products Made in U. S. A. 

Miners’ Carbide Lamps for hand, cap, trip and general utility purposes. 
Miners’ Safety Lamps burning naphtha, vegetable oil and carbide. Tools and 
Accessories for all types of lamps. Newton Oiling Device for mine car wheels. 

ALL WOLF LAMPS ARE GUARANTEED TO GIVE SATISFACTION and are the 
strongest and best mining lamps made. No screw threads used on our lamps, which is 
one of the weakest points on Carbide lamps. 

Lamps are made in all metals and different sizes. 


Carbide Hanging Lamp 
No. 750a 

With glass dome and a 
powerful burner, competing 
with an electric arc light. 
Will easily light up a- space 
20x20. Bums 12-14 hours 
with 60 c. p. Weight 14 lbs. 












EDISON STORAGE BATTERY COMPANY. 


m 


ELECTRIC MINE LAMPS. 


Edison Storage Battery Company 



Factory and Main Office 

316 LAKESIDE AVENUE, ORANGE, N. J. 

Manufacturers of the 

Edison Electric Safety Mine Lamp 



A PRODUCT OK 
THK EDISON 
LABOKATORI* ^ 


Pis t rll mto rs in 


NEW YORK 

BOSTON 

PHILADELPHIA 

CHICAGO 

SAN FRANCISCO 

ATLANTA 

CLEVELAND 

PITTSBURGH 

ST. LOUIS 

SEATTLE 

NEW ORLEANS 

DETROIT 

WASHINGTON 

MONTREAL 

LOS ANGELES 


General Distributors 

Mine Safety Appliances Co., Pittsburgh, Pa. 


The Edison Electric Safety Mine Lamp 

The Edison Mine Lamp is a permissible portable 
Electric Mine Lamp. It is the first to be approved by 
the Bureau of Mines for Safety, Practicability, 
Efficiency and General Durability in Mine Service. 



Unassembled View Edison Mine Lamp 

standard in over 1,000 mines, over 175,000 in 
use in Metal and Coal Mines of the United States. 

Older installations show uninterrupted service 
over five years. 

Bums 12 hours without recharge. 

Fire Protection for your valuable operation. 

Method of Attaching 

The miner straps the battery case to his back 
by an ordinary belt. The lamp is attached to the 



Method of Attaching: 

leather support in his cap, leaving his arms entirely 
free of lamp, cord and battery case. 

Described in Bulletin No. 800. 

See Page 342 for details of the Edison Battery. 




The Edistm Electric 
Shot-Firing Battery 

Showing cover for 
M-8 Mine Lamp Bat- 
te^ arranged for shot¬ 
firing. Shot-firing cable 
is attached to a key 
furnished with cover. 
Key is then inserted in 
receptacle on cover, 
and detonation accom¬ 
plished by pressing 
key into contact. Cover 
is furnished with or 
without fittings for 
lamp attachment. 

It is simple, light¬ 
weight, strong and 
durable. One charge 
of the battery is capa- 

Edison Shot-Firing Battery, ble of firing a great 
Showing how special cover for 
shot-firing Is attached to reg- IHaiiy SHOtS. 
ular Edison Mine Lamp. 

Edison Electric Safety Trip Lamp 

Consists of M-8 (Mine Lamp) Battery in sted 
case with special cover and lens. The case is 

provided with hook for 
attaching to mine car 
as “head” or “taU” 
light. This device is ap¬ 
proved by the Work¬ 
men’s Compensation In¬ 
surance Inspectors. 


Edison Trip Lamp—Hooks 
Over Either End of the Car 


Edison Electric Safety Hand 
Lamp 

Illustration shows ar¬ 
rangement of Edison Safety 
Mine Lamp as a hand lamp. 
This consists of a standard 
M-8 Battery in steel case 
with special cover. The lamp 
is attached directly to cover 
and the cover provided with 
bails for attaching leather 
handle. Largely used as In¬ 
spector’s, Official’s and Visi¬ 
tor’s lamp. 


Electric Safety Hand 
Lamp 
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SECTION Xlll 

Open Cut and Quarrying 



THE 
MINING 
CATAIOC 



FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


^ THE FOLLDWINC MANUFACTURERS and DEALERS ^ 
^ ARE REPRESENTED IN THIS SECTION^ 


Allis-Cbalmers Mfg. Co. 

Armstrong Mfg. Co. 

Industrial Works 
Jordan, O. F. Company 
Kleinhans, H. Co. 

Link-Belt Company 
Marion Steam Shovel Co., The 
McLanahan-Stone Machine Co. 
Sanderson-Cyclone Drill Co., The 
Taylor-Wharton Iron Steel Co. 

Worthington Pump and Machinery Corporation 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
.. SEE PRODUCTS INDEX (Blue Sheets) 

» __— 












Digitized by v^ooQie 











































STANDARDIZATION OF NON-METALLIC PRODUCTS. 


UNDESIRABLE DIVERSITY IN NON- 
METALLIC MINERAL PRODUCTS * 


During the war period production, greater and 
more intense production, was the key-note of com¬ 
mercial activity, and other manufacturing prob¬ 
lems were submerged beneath this dominating 
impulse. Industry has suffered from the effects 
of such unbalanced development and an effort is 
now being made to rectify the errors of the past. 

The present business depression has permitted 
operators to direct their aUention toward phases 
of industry other than volume of output, and one 
of the notable results is the tendency to analyze 
and seek a remedy for the present undesirable 
industrial condition. Many operators have con¬ 
cluded that a cure may be effected in large piurt 
by correcting defects in the producing industries 
themselves. Thus a period of commercial house¬ 
cleaning has set in, the chief object of which is 
to eliminate non-essentials both in products and 
equipment, and to reduce production cost through 
simplification of processes. This movement is 
quite pronounced in the mineral product industries. 
For example, the statenaent has been made that 
a Boston firm ' manufacturing pipe-fittings has 
taken advantage of the present period of industrial 
inactivity to make a careful analysis of its busi¬ 
ness, with the startling result that of the 17,000 
products listed in its catalog only 650 have been 
bringing any profit to the firm. Obviously an 
effort will be made to reduce or eliminate the man¬ 
ufacture of as many as possible of the unprofitable 
products. 

It may appear at first sight that this is a man¬ 
ufacturing rather than a mining problem, but it 
has a special significance in the non-metallic min¬ 
ing industries, where many of the final or inter¬ 
mediate products are manufactured at the mine 
or quairy, as such processes of manufacture must 
be considered as an integral part of mining in its 
broader sense. 

In the movement toward simplicity in products 
it is evident that t^o important processes are 
involved. They may be.ibrie^ termed elimination, 
and standardization. 'S^^termine what'products 
may properly be eliiflpied a careful statistical 
survey is necessary, a^urv^ covering production 
and demand for each individual pr<^uct over a 
series of years. When a definite conclusion is thus 
reached the next step is to arrive at an agreement 
between consumers and producers as to the extent 
that elimination of superfluous products may be 
accomplished. The chief requirement, therefore, 
is a mutual agreement based on facts deuced from 
statistical data. 

The second process, that of standardization, is 
much more complex. Standards may be estab¬ 
lished only when a very thorough knowledge has 
been gained of the physical and chemical proi>- 
erties of the products, and the requirements of 
consumers. The activities of the Bureau of Stand¬ 
ards are largely directed toward such determina- 

•By Oliver Bowles. Presented at February, 1922, meeting: 
of A. I. M. & M. E. Published by permission of the Director of 
the Bureau of Mines. 
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tions. A proper standardizatiAi of products is 
really essential to any intelligent effort toward 
reduction in the number of varieties of products. 

The movement in the non-metallics toward 
elimination of superfluous varieties, and better 
standardization of essential products is gaining 
in force. The notable accomplishment of a con¬ 
ference held at the Department of Commerce in 
Washington, D. C., November 15, 1921, will un¬ 
doubtedly add impetus to the movement. 

Paving Brick 

Paving brick manufacturers, together with 
highway engineers, representatives of certain en¬ 
gineering societies, and government bureaus, 
agreed unanimously that of the 66 styles of paving 
brick then on the market 11 were to be regarded 
as essential and 55 as superfluous. Steps were 
immediately taken to reduce the output as far as 
possible of all but the 11 standard t^es. 

Slate. 

Evidence of a similar tendency is to be noted 
in the slate industry. It is customary for manu¬ 
facturers of structural slate to prepare it in sizes 
specified by builders and architects. Thus the 
material cannot be manufactured in advance. 'Hus 
results in irregular activity of mills, delays in 
filling orders, and may force manufacturers to use 
raw materials that might be better adapted for 
products than those called for in the orders. To 
improve this condition the Structural Slate Com¬ 
pany of Pen Argyl, Pa,, through the Structural 
Service Bureau of Philadelphia, has issued a series 
of pamphlets giving complete specifications of 
structural slate for various purposes. Ardiitects 
find it so much easier to order slate from these 
sheets that, in preparing plans for new structures, 
standard sizes are specified. There is evidence, 
therefore, of a definite movement toward elimina¬ 
tion of odd sizes. The new specifications have been 
in effect so short a time that results cannot yet 
be measured, but it would appear that slate pro¬ 
ducers will shortly be enabled to build up a reserve 
stock of standard sizes. Such a reserve will be 
advantageous both in marketing and in manufac¬ 
turing. 

Slate switchboards are likewise usually manu¬ 
factured after the order has been receiv^. T^e 
most serious objection to the filling of orders 
directly from the quarry is that, according to tests 
recently made on Pennsylvania slate, freshly quar¬ 
ried slabs have only about half the resistance in 
ohms of the same slabs after drying out for three 
months. One Chicago manufacturer claims that 
80 per cent, of all switchboards are of standard 
sizes, and he keeps such sizes in stock. The facil¬ 
ity with which orders may be filled from stock, and 
the improved quality of seasoned switchboards, 
will undoubtedly influence electrical companies 
toward a more uniform standardization in size. 
Simplicity could be further attained by the elimina- 
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tion of minor irregularities in style, as for example 
in the beveled edges. Some companies now de¬ 
mand a bevel one-half inch wide, and others one- 
fourth inch wide. It would seem that uniformity 
in this detail could be easily adjusted. 

Structural Materials 

Similar tendencies may be noted in the struc¬ 
tural block, sand, gravel and crushed stone indus¬ 
tries. Limestone quarnnnen have found it 
advantageous to establish a standard size 8x4x4 
feet, for mill blocks, and large piles of such blocks 
are stored for seasoning before shipment to stone¬ 
cutters. Concrete blocks, artificial stone, terra 
cotte, and similar types of molded building blocks 
are gradually being standardized in size and shape. 

Sand, Gravel and Crushed Stone 

Producers of sand, gravel and crushed stone 
have been greatly handicapped by the vari^ re¬ 
quirements of consumers. Constriiction engineers 
differ widely in their views as to the sizes of 
crushed stone, sand and gravel best suited for 
-their requirements, and thus demands have arisen 
for a multiplicity of sizes, necessitating costly and 
complex screening equipment. The producer may 
be even obliged to purchase new screens simply to 
fill special individual orders. For the past two 
years various organizations have been striving to 
establish standard screens, and to eliminate all 
unnecessary sizes. A notable step in this direction 
is the preparation of a set of tentative specifica¬ 
tions issued in 1920 by the American Society for 
Testing Materials working in co-operation with 
the Bureau of Public Roads. These specifications 
call for screen openings of a limited number of 
standard sizes. Thus users of crushed stone, sand 
and gravel are encouraged to confine their orders 
as far as possible to standard siz^, with a conse¬ 
quent tendency toward simplification of equipment 
and reduced production cost. ... 

In many of the non-metallic mineral industries 
there is need of better standardization and greater 
simplicity in products, but littie interest has yet 
been manifested in accomplishing this result. 
Some of the more outstanding examples of unde¬ 
sirable complexitieSj with no evident prospect of 
improvement, are discussed in the following para¬ 
graphs. 

Granite 

Granite paving blocks are manufactured in a 
great .variety of sizes. Eleven varieties, sold under 
trade names, were reported to the United States 
Geological Survey in 1917, and many other v^- 
eties were sold by sizes only. The State of Maine 
reported 7 different sizes. New York 7, Massa¬ 
chusetts 10, and other states a varying number. 
Undoubtely some latitude should be allowed in 
paving block dimensions, particularly in length, 
but too great a complexity is involved both in man¬ 
ufacturing and in street construction, where every 
state or city writes its specifications without 
regard to the requirement of other localities. 

Feldspar 

Feldspar is standardized neither as to grain 
sizes nor purity. No. 1 spar is variously defined 
as dental spar only, as pure feldspar of any kind. 


or as a mixture of feldspar with a small percentage 
of quartz. Some No. 2 spar is limited to 6 per 
cent, quartz, while other consumers classify as 
No. 2 a spar which contains as high as 25 per cent, 
quartz. Specifications may call for fixed percent¬ 
ages of soda and potash, or such requirements 
may be omitted. Ground feldspar is commonly re¬ 
duced to 140 mesh, but there is no standard 
requirement in size. 

Mineral Fillers 

The broad field of mineral fillers is sadly lacking 
in standardization. Many users of filler materials 
have ve^ indefinite knowledge of their require¬ 
ments either in color, grain size, grain shape or 
chemical composition. The standardization of fill¬ 
ers is practically an untouched field, and such 
standardization accomplished through a compre¬ 
hensive study of the subject would not only pro¬ 
mote better manufacturing processes but would be 
of material benefit to producers. It is claimed by 
one producer that the cost of purchasing, specif 
screens to satisfy the requirements for odd sizes 
of his finished product for one customer destroys 
most of the profit obtained from grinding roofing 
grade talc. 

Mica 

The classification of mica is very confusing, lor 
standards differ not only in different countries but 
in different parts of our own country. The most 
widely known domestic standard includes punch, 
circle and rectangles of various sizes such as 

x2; 2x2; 2x3; 3x3, and up to 8x 10 inches 
and larger. Canadian phlogopite is graded in sizes 
of rectangles that differ from most of the United 
States standard sizes, as for example 1x1; 1x2; 
1x3; 2 X 3; 2x4, etc. India mica is widely used 
in the Unit^ States, and it is classified, not on the 
basis of the sizes of rectangles obtainable, but on 
the basis of the area of good mica in the sheet, for 
which 10 arbitrary grades have been established. 

In quality domestic mica is classed as clear, 
slightly spotted or stained, and heavily spotted or 
stained. No definite boundaries have been fixed 
for these grades. Mica sold as “clear” is com¬ 
monly spotted, and this has prejudiced users 
against domestic mica. Looseness in classification 
is detrimental to the development of new deposits, 
for the producer, unskilled in classification, is 
largely at the mercy of the broker who may so 
degrade the product that the owner of the deposit 
may abandon it as unprofitable. A better stand¬ 
ardization both as to quality and size would be of 
very great benefit to the mica industry. 

Conclusion 

It is apparent, therefore, that some of the non- 
metallic mineral industries have already awakened 
to a realization of the necessity for better stand¬ 
ardization of products, and that a growing ten¬ 
dency may be noted toward greater simplicity and 
uniformity. In other industries the need is just 
• as great, but the necessity for improvement is 
either unrecognized or its recognition is still 
dormant. It is well to emphasize, however, that 
in a number of industries a great deal of study 
and experimentation must be done before a proper 
basis for standardization may be attained. 
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LOADING DATA 


Rand Woric 

One man will load 2 to 20 cu. yd. of rock (place 
measurement) in 10 hrs., depending mainly on size 
of pieces and height to be lifted. On the Chicago 
Drainage Canal the average per man in 10 hrs. 
was about 7 cu. yds. loaded into dump cars. Sledg¬ 
ing took 14% of the time. Average per man 
loaded into low cable way skips, lO cu. yds. 
Crushed stone can be shoveled from smooth boards 
or steel sheets at the rate of 13 cu. yds. solid meas¬ 
ure (22 cu. yds. loose) in 10 hrs.; in shoveling from 
the ground or hopper bottom cars, 1 man will do 
only 7 to 8 cu. yds. solid measure (12 to 14 cu. yds. 
loose). 


OUTPUT OP STaAK SBOTBAB, KOADIBO BAASTaB BOOK 

(Taa Houas* woaa) 


Material. 

Iron ore 

Lime¬ 

stone 


Slate 

limestone 

Porphyiy, 

granite 

1 

1 

Canal | Sandstone 

Work. 

In bank 

Stockpile 

i 

Fklr 

R. R. cut 

R.R. 

R.R. 

R.R. 

Condition. 

Good 

jpair 

Good 

Fair 

Low 

Face 

Good 

Hard 

Hard 

if 




Av. 


Av. 



Av. 

Av. 






of 


of 



of 

of 



No. of shovels.. 

1 

1 

5 

1 

2 

1 

1 

2 

2 

1 

1 

Size, tons . 

70 

95 

70 

90 

95 

65 

70 

70 

70 

65 

70 

Dipper, cu. yds.. 

2.6 

2.5 

2.6 

2.5 

2.4 



2.5 

2.5 

2.5 

2.5 

Coal, tons. 

1.76 

3 

2.35 

4.5 

3.5 

2.8 

2.3 

2.8 

2.2 

2.2 

3 

Oil, gal. 

1.4 

3.25 

1.46 

8.5 







5 

Water, gal. 

3000 

5000 

3500 

7700 







4500 

Cu. yds, loaded.. 

892 

1350 

1251 

2728 

1917 

358 

205 

ii26 

799 

447 

470 


Steam Shovel Work 

In the soft iron ore of the Mesabi range, under 
fair conditions, a steam shovel easily loads 260 
cu. yds. per hour; but, in poorly drilled and blasted 
rock, broken in large pieces, a shovel may do as 
little as 17 cu. yds. per hr. 

upnae OAPAOinas za pouass op boas wHaaa. 
OBAWUaO TBPAD ABS STAaBABO OAUOa 
XiOCOKOTIVa OBABBS 

The followingr loads can be safely handled without the use 
of outriggers or other stabilizing devices. 


7-ton 

1 12-ton 

18-ton 

1 

1 

22-ton 1 25-ton 

1 30-ton 

1 

1 

40-ton 1 50 and 


1 

' 1 

1 

1 

1 60-ton 


10 

18,000 

30,700 







11 

15,800 

27,000 

40.500 






12 

14,000 

24,000 

36,000 

44,000 

50,000 

60,000 

66,000 

70,000 

14 

11,400 

19,700 

29,400 

35,900 

40,800 

49,000 

53.900 

57,300 

15 

10,400 

17,900 

26,800 

32,800 

37,200 

44,800 

49,400 

52,400 

17 

8,900 

15,300 

22,800 

27,900 

31,700 

38,100 

42,000 

44,700 

20 

7,200 

12,400 

18,500 

21,600 

26,700 

31,000 

34,200 

36,400 

25 

5,500 

9,700 

13,900 

17,000 

19,300 

23,400 

25.800 

27,600 

30 

4,400 

7,700 

11,500 

13,400 

15,200 

18,500 

20,500 

21,900 

35 

3,500 

6,300 

9,4001 

11,600 

12,400 

15,200 

16,700 

18,000 

40 

2,900 

6,200. 

7,900 

10,000 

11,000 

13,500 

14,000 

15,100* 

45 

2,300 

4,400 

6,700 

8,600 

9,400 

11,500 

12,800 

13,400 

50 

1,900 

3,700 

6,600 

7,100 

8,200 

10,100 

11,200 

I 11,600 

55 

1,500 

3,100 

4,700 

6,100 

7,000 

8,700 

1 9,600 

10.000 

60 

1,2001 

2,600 

3,900 

5,200 

6,000 

7,500 

8,300 

8,700 


With outriggers extended the capacities of 25-ton and small¬ 
er sizes of rail cranes are increased 50%; the capacities of the 
30-ton and 50-ton cranes are doubled; the capacities of the 
40-ton crane are the same as for the 30-ton crane; and the 
capacities of the 60-ton crane are two and a half times as great 
as given In the above table for the 30-ton crane. 

Lifting cai>aclties of standard grange locomotive cranes are 
calculated according to the established standard of the Loco¬ 
motive Crane Manufacturers’ Association. 


BLAST HOLE DRILLING AND QUARRYING DATA 


Are extensively used for deq) holes for blasting 
in the softer rocks. Advantages, as compared with 
machine drills: Any depth can be drilled, to the 
possible limit of blasting; no stripping of the over- 
lying earth is necessary; holes in high faces are 
drilled to full-depth, instead of working in benches; 
the large-diameter holes permit larger charges, 
hence wider spacing of fewer holes, and consequent 

SPBBB OP BXiAST-HOBB BBIBUBO WITH CHUBB OB 
OABBB BBIU 


Kind of material 

Ft per 
hr • 

Diam 

hok,in 

Depth. 

ft 

Machine 

Clay, soapstone. 


5H 



Limestone. 

9 

5V4 

30 

Cyclone 

Limestone. 

8 

5 

34 

Cyclone | 

Shale. 

6 

5H 

20 

Cable driU 

Overburden, porphyry ore 

57 


55 

Keystone 

Limestone. 





Hard, seamy basaltic rock. 


3 

23 

Cydone 

Soil, gravel. 

5.2 

2H 

23 

Cyclone 

Brown sandstone. 

SO 

3 * 

24 

Cydone 

Brown sandstone. 

5.0 

54 

so 


Shale. 

4 8 

5H 

75 

Star 

Hard, seamy limestone_ 

4.7 

5 

22-30 

Loomis 

Half earth, half slate. 

44 


12 

Keystone 

Limestone . 

4.0 


SO 

Keystone 

Limestone . 

3-9 

5H 

40-45 


Copper ore, porphyry. 

3 5 

64 

60 

Keystone 

Shale . 

2-8 

44-6 

20^ 

Star 

Shale . 

1.8 

5H 

18 


Copper ore . 

1.5-2.5 

6 

JO-35 

Star 

Limestone . 

1 5 

5 

45-85 

Star 

Limestone, sandstone. 

X o 

54 

20 

Cable drill 

Hard limestone. 

0 S-I 

54 

18 



Remarks 


Railroad work 
Cement quarry 
Lime, crushed- 
rock quarry 

Open pit mining 
Crush^ stone 


Crushed stone 


Aqueduct 
Lirhe quarry 
Quarry 
Mining 


Mining 

Cement quarry 


saving of time, and smaller consumption of fuel for 
power. To offset these points, machine drills pos¬ 
sess the advantages of portability, and speed of 
drilling. 


BATB OP OUTTZaO WITH OHAaaBBBBS (BUXBZTAB) 


Location 

Kind of Rock 

Sq. Ft. 
Cut 

Time 

Phllllpsburg, Que. . 

W. Rutland, Vt_ 

Tennessee. 

Vermont.1 

Georgia. 

Tenne.ssee.1 

Brandon, Vt.I 

Brandon, Vt.I 

Bloomington. Ill. . .1 
Batesville. Ark. . , .! 

Carthage, Mo.I 

Amherst. O.I 

Florida, Keys.J 

Penn.svl vania.1 

Vermont.1 

Virginia.1 

Virginia.1 

Quarry Work 


Marble. 

Marble. 

Marble. 

Marble. 

Marble. 

Marble. 

Hard marble. 

Hard marble. 

Limestone. 

Hard limestone. . 
Hard limestone.. 

Sandstone. 

Coral rock. 

Slate. 

Slate. 

Soft soapstone... 
Soft soapstone... 

63 

j 100 

] 2509 

80 

219 

200 

160 

1485 

1677 

6000 

130 

137.6 

226 

760 

60 

76 

200 

262 

10 hrs. 

10 hrs. 

Average montk 

Average day 

High W 

Average day 

Good day 

Average montb 
Average montb 

10 days 

Average day 
Average day 

Day 

Average 10 hrs. 
Average day 
Average day 
Average day 
Average day 

Oontraot Work 

Lockport, Ill. 

Limestone. 

210 

Average 10 hrs. 

I.»ockport, III.1 

Limestone. 

382 

High 10 hra 

Sault Ste. Marie. . . 1 

Hard limestone. . 

75-100 

Average day 

Keokuk. la.1 

Hard limestone. . 

80 

10 hrs. 

Sault Ste, Marie. . .' 

Sandstone.1 

70-80 

8 hrs. 

Sault Ste. Marie. . . | 

Tough Sandstone. 

60-76 

8 hrs. 

New York City .... 1 

(Ineiss. 

60-76 

8 hrs. 

Panama Canal.1 

Med. broken rock.' 

120 

8 hrs. 


Courtesy Sullivan Machinery Co. 


All material in this section unless otherwise noted from Peele's Mining Engineers* Hand Book (Wiley & Sons). 
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ALLIS-CHALMERS MANUFACTURING COMPANY. 


CRUSHERS AND SCREENS. 


Allis-Chalmcrs Manufacturing Company 

MILWAUKEE, WISCONSIN 

For Branch Offices and Other Products, See Page 168 

Crushing and Grinding Machinery 




Products 

Crushers; Pan and Bucket Elevators; Skips; 
Hoists; Kilns; Coolers; Dryers; Revolvinsr and 
Shaking Screens, Compeb, Ballpeb, Rod and Tube 
Mills. 


The company has developed in all sizes the latest 
in gyratory crushers, the Gates 
Style “N” Machine, which is the re¬ 
sult of the accumulated experience 
of the Engineers and Designers of 
the Gates Iron Works and the AUis- 
Chalmers Mfg. Co. Every letter 
between “A” and “N” represents 
some form of a Gyratory Crusher. 
Only a few of the types up to the 
style “D” and “K” have been manu¬ 
factured in large quantities, but in 
most of the types several experi¬ 
mental machines have been built 
and in the style “N” Crusher is em¬ 
bodied the knowledge gained dur¬ 
ing the forty (40) years since the first Gates 
Crusher was put in operation. 



Gates No. 27 
Gyratory Crush¬ 
er, havingr two 
openings, each 
64''xl41''. 



The company has 
also developed in all 
sizes Jaw Crushers for 
crushing copper ore, 
blast furnace flux and 
ballast stone. 



84''x«<>'* Jaw Crusher 


60''x48'' Falrmount Type (or Single Roll) 
Crusher 


The Fairmount Crusher is intended to crush 
limestone, dolomite, phosphate rock, magnesite and 
other less tenacious rocks. It is not suitable for, 
nor do we recommend it for granites, trap rock or' 
other igneous rock. 

The Compeb mill is a two-stage grinding ma¬ 
chine used for reducing raw materials from IVa-in* 
to any commercial fineness either wet or dry and is 
patented. This type of Mill hM been successfully 
introduced in the cement and allied industries. The 



Mill combines the crushing, screening and grinding 
into one compact, self-con¬ 
tained and efficient machine. 


Compeb Mill—^Patented 



To meet the increasing demand for a machine 
which will successfully 
collect dust in large manu¬ 
facturing establishments, 
the Allis-Chalmers Manu¬ 
facturing Company has de¬ 
veloped and is offering a 
bag filter type dust col¬ 
lector which is the first 
machine of this type to be 
designed, built and put 
into successful operation 
by any American manu- 

Allis-Chalmers Dust 

Collector lacturer. 



Gates All Iron Frame Screen 


The durability, simplicity and efficiency of the 
Gates Patented All-Iron Frame Screens is un¬ 
equalled by any other screen on the market. 



Open End Revolving Screen 

Gates Screens are built in numerous sizes, rang¬ 
ing from 24-in. diameter by 8 ft. long, to 72 in. 
diameter by 24 ft. long. Open End Scalping Screens 
of the Cylindrical type are built in sizes ranging 
from 48 in. to 72 in. diameter. 
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492 and crushing machinery. McLANAHAN-STONE machine CO. 

McLANAHAN-STONE MACHINE CO. 

ESTABLISHED 1836—INCORPORATED 1900 

HOLLIDAYSBURG. PENNA. 

Ore Washing Machinery and Rock Crushing Plants 


Products 

McLanahan’s Single Roll Crusher; Complete Ore 
Washing and Rock Crushing Plants; Revolving 
Screens; Conveyors and- Elevators; Picking Tables; 
Dryers; Log Washers—for Iron Ore, Manganese 
Ore, Phosphate Rock, Limestone, etc.; Jigs—^for 
Iron, Manganese and non-precious Ores; Electric 
and Belt-Driven Hoists. 

Service 

Our firm has been en^ged continuously in the 
manufacture of this special line of machinery since. 
1836. Our long «cperierice-in-th^ making of ma¬ 
chinery for the washing and preparation of iron 
and mtiDiranese ore, phosphate rock, etc., has per¬ 
mitted us to work but standard designs which give 
the maximum of- durability and ruggedness, with 
ease and low cost of oi^ration. To managers who 
wish to introduce special designs of their own, we 
offer the services of our engineering department. 

The McLanahan Single Roll Crushers 

These machines are strong and well built; the 
gearing extra heavy; the roll shell is a solid cylin- 



Single Roll Crusher 

der or shell of chilled charcoal iron. Made in ca¬ 
pacities crushing from 5 to 500 tons per hour. 
Made to crush as small as % inch, although some of 
the smaller sizes are crushing as small as inch. 
The teeth or lugs or corrugations on the shells are 
made to suit the size of output required. 

We claim for these machines the following 
advantages: 

Simple construction. 

All parts accessible for inspection or repairs. 

Ready adjustment—only few moments required. 

Wide range of output and less fines. 

Low height compared with gjratory. 

Less first cost, capacity considered. 

Economy in operation. 


Ore .Washers 

Located in the midst of the Pennsylvania iron 
ore fields, we have been for over 40 years manufac¬ 
turing machinery for preparation of these ores, 
starting with the most primitive form of washers, 
both barrel and log; and have finally evolved our. 
improved double log.washer and other appliances 
us^ in connection with it. 

We make these washers equipped with either 
wood or steeriogs. With the former we furnish all 
the iron work for the logs, but do not furnish the 
wood, as this can be more readily obtained at the 
point where the washers are to be erected than in 
our immediate vicinity. But when steel logs are to 
be used, these are made complete, ready to drop into 
the bearings. 

Steel Logs for Washers 

Are formed of four pieces of 6 inch by 6 inch by 
% inch angles, securely fastened to flange gudgeons 
at each end extending between the angles for a. 
distance of 20 inches. The paddles are of chilled 
charcoal iron placed between the sides of adjacent 
angles and held in place by two bolts. For extra 
heavy work we use 8 inch angles. Made in lengths 
up to 25 feet and to fit any size washer. Are ex¬ 
tensively used for phosphate rock, hematite, iron 
ores, etc. 

McLanahan’s Improved Ore Jig 

This jig has been perfected after a long series 
of experiments and trials under operating condi¬ 
tions and is specially suited for washing iron and 
manganese ores. It is made all of iron except the 
framing and hutch and the construction is apparent 
from accompanying elevations. We furnish the 
iron work or erect these jigs complete in any p^ 
of the country, employing experienced mechanics. 



End View—Improved Ore Jlgr—Front View 


Special Machinery Made From Specifications and Drawings to Suit Requirements of Customns 
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WORTHINGTON PUMP & MACHINERY CORPORATION. 


CRUSHERS AND SCREENS. 


Worthington Pump and Machinery Corporation 


Works 


Executive Offices 

115 Broadway, NEW YORK 


Works 


Worthington Works_Harrison, N. J. 

Blake & Knowles Works. 

.East Cambridge, Mass. 

Deane Works.Holyoke, Mass. 

Power and Mining Machinery Works 
.Cudahy, Wis, 

Branch 

ATLANTA, QA.435 Trust Co. of Oeorgrla Bide. 

BIRMINGHAM. ALA.. .American Trust^ft Savings Bank Bldg. 

BOSTON, MASS. 2.466 Massachusetts Trust Bldg. 

BUFFALO, N. Y.707 Iroquis Bldg. 

CHICAGO, ILL.820 Old Colony Bldg. 

CINCINNATI. OHIO.1503 First National Bank Bldg. 

CLEVELAND, OHIO...304 Kirby Bldg. 

DENVER, COLO.436 Seventeenth Street 

DETROIT, MICH...839 Majestic Bldg. 

EL PASO. TEXAS...610 MUlS Bldg* 

HOUSTON, TEXAS.426 Southern Pacific Bldg. 

KANSAS CITY. MO.825 Scarritt Bldg. 

LOS ANGELES. CAL.209-210 HlggiSs Bldg. 

MEXICO CITY, MEXICO. 


Laidlaw Works.Cincinnati, O. 

Snow-Holly Works.Buffalo, N. Y. 

Hazleton Works.Hazleton, Pa. 

Gas Engine Works.Cudahy, Wis. 

Epping - Carpenter Works. 

.Pittsburgh, Pa. 

Offices 

NEW ORLEANS, LA.633 Baronne Street 

PHILADELPHIA, PA.1616 North American Bldg. 

PITTSBURGH. PA.407 Oliver Bldg. 

ST. LOUIS, MO.701 Laclede Gas Bldg. 

ST. PAUL, MINN.1017 Commerce Bldg. 

SALT LAKE CITY. UTAH.318 Felt Bldg. 

SAN FRANCISCO, CAL...306 Sharon Bldg. 

SEATTLE, WASH..203 Maynard Bldg. 

TULSA. OKLA.123 West First Street 

WASHINGTON, D.^C..426 Homer Bldg. 

LONDON, ENGLAND.Queen's House, Kingsway 

PARIS, FRANCE.Societe Francaise des Pompes et 

Machines Worthington, 1 Rue des Italiens 
.P. O. Box 5260 


CRUSHERS AND SCREENS 


Products 

Crushers; Revolving Screens; Elevators; Con¬ 
veyors. For other products see Pages 165,166,167, 
176, 463, 626 and 741. 

Superior McCully Crushers 

This crusher possesses many superior points, 
which may be enumerated as follows: 

Spider—^The hub of the spider is absolutely 
ri^d, due to close coupling of shaft bearings, main¬ 
taining perfect alignment of bearing and r^ucing 
strain on spider. 

Main Shaft—Due to placing eccentric directly 
below head, strength of shaft is increased 60% 
over any standard crusher of corresponding size, 
eliminating all shaft deflection and consequent 
breakage, and resulting in greatly increased 
crushing capacity. 

Dust Ring—Improved tj^je under head, ex¬ 
cluding all dirt from eccentric bearing. 

Oil Pump—Pump is of spur geared type, under 
constant feed of oil, positively delivering ample 

supply at all times 
to eccentric bear¬ 
ing and gearing— 
cannot be compar¬ 
ed with systems 
using plunger 
pump and check 
valves, which are 
wholly unreliable. 

Eccentric—Area 
of eccentric bear¬ 
ing 100% greater 
than in standard 
gyratories. 

Gears—Gear 
and pinion of 
cast steel with 
cut teeth run¬ 
ning in oil, in¬ 
suring smooth 
operation and 

Superior McCuliy Crusher lOIlR life 



Open End Type Screens 

Worthin^on manufactures screens of special 
large sizes and of very heavy construction for use 
in connection with Superior Jaw Crushers, these 
being required to handle the large pieces and enor¬ 
mous quantities of material discharged by these 
machines. 

The screens are of the Open End type, having no 
obstruction of any kind to impede the discharge 
of the material, and there are, therefore, a mini¬ 
mum number of parts subject to wear, and those 
that do wear can be easily and cheaply replaced. 



Standard Roller Type Bevel Gear Driving Screen, Steel Frame 

The drums are provided with outside steel angle 
strut bars securely fastened to substantial cast 
iron heads. 

Any of the screen sections can be removed with¬ 
out disturbing the others. Sections can be made of 
either punched steel plate or manganese steel cast¬ 
ings. When so ordered, a dust jacket of perforated 
plate or wire cloth may be attached outside the 
bars. This jacket is made in sections and is easily 
removable. 

■om>iru or sms 


Dlam. in 
Inches 

^ Length In Feet 

R. P. M. 
Screens 

R. P. M. 
Pinion 
Shaft 

24 

6, 8. 10, 12, 14, 16 

23 

100 

48 

8, 10, 12, 14, 16, 18, 20, 




22, 24, 26, 28 

16 

80 

60 

10, 12, 14, 16, 18, 20, 22, 




24. 26, 28, 30 

13% 

100 

84 

12, 14, 16, 18, 20, 22, 24, 




26. 28. 30 

11% 

80 


Sizes Built 

The Superior McCully Crusher is built in sizes 
from openings 8 inches to 72 inches wide. 


Elevators and Conveyors 

Worthington also makes Bucket Elevators and 
Pan Conveyors. 
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DRILUNG AND PROSPECTING MACHINERY. ARMSTRONG MANUFACTURING CO. 


ARMSTRONG MANUFACTURING CO, 


Home Office 

WATERLOO, IOWA, U.S.A. 
411 Chestnut Street 
Branches 

129 West Second Street 
LOS ANGELES. CAL., U. S. A. 

30 Church Street, 

NEW YORK. N. Y.. U. S. A. 


FC.CO. WATERLOO, I0WA.U.S,A^ 



BUILT FOR SERVICE. 

.SINCE 1867 


Factory 

WATERLOO, IOWA, U.S.A. 
410-430 Chestnut St. 
Branches 

112 Main Street 

BOWLING GREEN, KT., U. S. A. 

229 West Fifteenth Street 
FT, WORTH. TEXAS, U. S. A. 


Prospecting Drills—^Water and Oil Well Drills—Blast Hole Drills 




the 


following 


drills 


for 


adapted to 
purposes: 

(a) As blast hole 
quarries and mines. 

(b) Prospecting in zinc, lead, 
iron and other mineral fields. 

(c) For gold testing in 
placer and hydraulic mining 
areas. 

(d) For coal testing and 
vein tracing. 

(e) In testing for clay, phos¬ 
phates and other non-metallic 
products. 

(f) Iri coal fields, where 
holes are drilled for light and 

E ower wires, the transformer 
eing installed on the surface to 
save long electric lines. 

(g) In coal fields, where holes are 
can be pumped vertically instead of 
pumps and long lines of water main. 


Armstrong “All Steel” Drill. Tractor Model. Electric or Gasoline Power. 


drilled so that mine 
installing gathering 


Showing three Armstrong Electric Power Drills, drilling a 
line of holes to cross-cut between two well mineralized areas 
of an Arizona copper mine. 


Construction 

All steel. Channel beams and angles trussed 
and hot riveted. Wheels, axles, standard steel type. 
Derrick: latticed steel. No danger of damage from 
flying stone from blasts. No danger from fire. 
Tractor models. 

Equipment 

General Electric Motor, or 4-cylinder gasoline en¬ 
gine of standard make, furnishes operating and 
tractive power. Armstrong patented wire line der¬ 
rick uses steel wire cable at half the cost of manila 
cable, and four times the life. Armstrong special 
controls enable operator to control entire operation 
from the drilling end. 

Uses 

The strength, stability of construction, ease of 
control, and 55 years of experience, peculiarly fit 
Armstrong drills for the purposes named above, to 
any depth up to 3000 ft. through any natural forma¬ 
tion. 

Specifications 

No. 50 (shown above): Length, 22 ft.; width, 7 
ft. 10 in.; height of derrick, 3? ft.; band wheel, 6 ft. 
in diam., 11 in. face.; power unit, 4-cylinder gasoline 
engine or General Electric Motor, if desired; weight, 
complete, 14,900 lbs. 

No. 60 (not shown): Capacity, 3000 ft.; weight, 
42,000 lbs. Other specifications in comparison. 

Information 

Catalogs free. In writing for information, 
please state: 

1. For what purpose desired. 

2. Diameter and depth of hole required. 

3. Describe formation, if known. 

4. Do you want electric or gasoline power? 


Type 

Armstrong “All-Steel” drills are of the chum 

drill type, especially 


(h) For oil well drilling in either deep or shallow fields, 
through any kind of formation. 

(i) For deep or shallow water well drilling. 
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THE SANDERSON-CYCLONE DRILL COMPANY. DRILUNG & PROSPECTING MACHY. 


The Sanderson-Cyclonc Drill Company 

ORRVILLE, OHIO 

NEW YORK OFFICE: 30 CHURCH STREET 

Big Blast Hole Drills—Prospecting and Well Drilling Machinery 


Products 

Blast Hole Drills; Chum Drills; Prospecting 
Drills; Well Drilling Machinery and Supplies. 


costs are less; (6) Springing of drill holes is seldom 
necessary, as'the large diameter of big blast holes 
will accommodate the requisite amount of explo¬ 
sive in the bore of the hole. 


Big Blast H(de Drilling 

Chum drilling for blasting in open cut mines 
and in quarries producing emshed stone, now com¬ 
monly Imown as big blast hole drilling, is a compara¬ 
tively new system of operation, having been 
employed for only a little more than twelve years. 
It may be defined as the application of the cable 
tool system of well drilling to the drilling of holes 
for the purpose of loading explosive preparatory 
to blasting for rock excavation. 

Big blast holes may be drilled in different sizes, 
ranging from 3 inches to 8 inches in diameter, the 
size usually being determined by the character of 
the material and amount and kind of explosive 
necessary for blasting it. This system of operation 
wiU work successfully on ledges varying from 15 to 
200 feet in height, the holes usually being drilled 
and blasted the full depth of the cut. Deviations 
from this practice are sometimes necessary, espe¬ 
cially as regards the height of the working face, as 
it has been found that the most economical results 
may be obtained by working breasts ranging from 
35 to 60 feet in height. 

Briefly stated, the advantages of big blast hole 
drilling over benching, snake holing and tunneling 
—^the other most important systems of open cut 
drilling and blasting—are as follows: (1) Bench 
cleaning with its dangers and delays is eliminated; 

(2) Material is brought down to one working level; 

(3) Material is thoroughly shattered so that very 


A 



An ^en Pit Copper Mine in Arizona. 3 of the 15 
No. 14 Cyclone Drills used on this work are shown in 
the photogrraph. 


little secondary drilling and blasting is required; 

(4) Drilling can be carried on at the same time as 
shovel operations, as the drills are on different 
working levels; (6) Combined drilling and explosive 


Cyclone No. 14 Big Blast Hole Drills 

Less than a year after chum drills were first introduced 
on open cut mine operations, the Cyclone No. 14 Special 
Blast Hole Drill was placed on the market because it was 
evident that big blast hole drilling was more than an ordi¬ 
nary well drilling proposition and a special type of machine 
was necessary to take care of this work satisfactorily. 

For big blast hole drilling, it is necessary ^ 

that a heavy string of cable drilling tools be ^ 

operated at a high speed—60 to 63 strokes per jffl 

minute—in order to make efficient headway in in 1 
hard rock formations. The design and con- ffU 
struction of the machines must be as nearly //D 
fool-proof as possible. They must be ruggedly // U I 
built and still not heavy, as portability is an /JLU 1 
important consideration because the drill holes //ifR 1 
are comparatively shallow and the drill is /// M! 1 
moved frequently. /// f I 

The drilling mechanism of t \ 

the Cyclone No. 14 drills is so H f# 1///^ i 

designed as to take care of the I Wp \ 

speedy operation required. The i 

main metal operating parts are \ 

of cast steel, eliminating the 
chance for breakage. The frame „ . ^ ^ 

is of straight p:rained Oregon 
fir, a wood that is as strong and 

durable as oak but is much lighter than oak. The sills are 
thoroughly braced and the machinery evenly balanced on 
the sills. 


The Cyclone No. 14 Blast Hole Drills are built in two 
sizes—^the No. 14 Junior and the No. 14 Standard—and may 
be had in either traction or non-traction type with gasoline, 
steam or electric power equipment. In electric power, 
motors of any current specification desired will be furnished. 
The No. 14 Junior Drill is best suited for “light” blast hole 
work—the drilling of 3" to 6" holes in material of medium 
hardness such as shale, sandstone and the average run of 
overburden stripping. For maxium results and footage, and 
hard rock work the No. 14 Standard should be employed, 
with drilling tools for 6%'' to 6" holes. In extremely hard 
and abrasive materials even larger holes should be drilled. 


Blast Hole Drill Catalog 

We have prepared a 100 page catalog No. BD-45 entitled 
“Big Blast Hole Drills.” 40 pages of this catalog are de¬ 
voted exclusively to semi-technical information on the sub¬ 
ject of big blast hole drilling. Considerable operating and 
cost data is given in these pages. The balance of the book 
describes the Cyclone No. 14 drills in detail, as well as the 
cable drilling tools that are used in their operation. 


Cyclone Well Drills 

In addition to the blast hole drills, we build a full line 
of well drilling machines, in five sizes, with capacities vary¬ 
ing from 200 to 2000 feet. These machines are furnished in 
both traction and non-traction types with either gasoline or 
steam power and are fully covered in our 160 page general 
catalog AM-70. These machines are suitable for drilling 
holes from 2 inches to 20 inches in diameter and may be 
used for the following purposes: 

(1) Prospecting and testing the location and thickness 

of mineral deposits, such as coal, placer gold, 
iron, copper, lead and zinc. 

(2) Drilling oil and gas wells. 

(3) Drilling wells for mine and camp water supply. 

(4) Drilling holes into underground mines for conductor 

lines for drainage and ventilation purposes and 
for steam, air, electric and water lines. 


MINING CATALOG 
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496 SHOVELS. THE MARION STEAM SHOVEL CO. 


THE MARION STEAM SHOVEL CO. 


MARION 

District Ssles Offloes 

NEW YORK—50 Church Street 
SAN FRANCISCO—741 Monadnock Bldg. 
CHICAGO—1442-1443 Monadnock Block 
ATLANTA—307 Candler Building 



OHIO 


Bales Seprssentatlvss at 

Philadelphia, Pittsburgh, Detroit, Denver, 
Salt Lake City, Seattle, Spokane, Portland 
Los Angeles, New Orleans, St. Louis. Fort 
Smith, Ark.; Billings, Mont.; Dallas, Tex. 


Products' 

Manufacturers of Steam, Gasoline and Electric Shovels in revolving and railroad types ranging in 
size from % to 8 cubic yards dipper capacity. 

Dragline, clamshell and orangepeel excavators with booms ranging in length from 35 to 150 feet. 
Dipper, clamshell and hydraulic dredges. 

Placer elevator dredges for mining of gold, platinum or tin. 


SMALL REVOLVING SHOVELS 

Steam, Gasoline or Electric Power. Crawling: Traction, Railroad Wheels 
j Crane Attachments. or Wide Faced Traction 'Wheels. 



Model 37 Electric Shovel 


Models 21, 32 and 37 cover the 
entire field of application for shovels 
in the small revolving class. They are 
of powerful and rugged construction, 
built to withstand continuous heavy 
duty. 

Each Model can be furnished with 
steam, gasoline or electric power and 
with any one of three types of 
mounting—crawling traction, railroad 
wheels or wide faced traction wheels. 

High Lift Equipment can be sup¬ 
plied where extra reach or height 
dump is required. Shovel and crane 
attachments are interchangeable on 
the same machine, thus adapting each 
model to a large variety of work. 



Model 32 Steam Shovel 



Diagiam of Small Revolving 
Shovel 


WOBKZVO SAVOBB 

Btaadard and High Dlft Bhovela—Mounted on Crawling Traction Tmoks 


Boom at Angle of 47 H ** 

Model 21 

Model 32 

Model 37 

A—Length of Boom. 

17'6'' 

20'0'' 

22'0'' 

21'0'' 

24'0*' 

27'O'* 

25'0" 

28'6'' 

32'0* 

B—Length of Dipper Handle.... 


15'0- 

15'0'' 

! 16'0'' 

17'6'' 

17'6'' 

17'0* 

IS'C** 

22'0* 

C—Size of Dipper cu. yds. 

% 

% 

% 

1^ 

IH 

1 

1% 

1% 

IM 

D—Capacity per Hr., cu. yds... 

30-60 

30-60 

30-60 

150-100 

60-100 

50-100 

70-140 

70-140 

70-140 

Ej—A pprox. Working W’ght, lbs.. 

54000 

57000 

67500 

i 80000 

84500 

85500 

121000 

126500 

129000 

F—Height of Dump. 

13'6'' 

lO'O" 

16'7'' 

1 16'7'' 

19'10'' 

21'6'' 

18M*' 

21'9'' 

25'1* 

G—Radius of Dump. 

22^6" 

25^4- 

26'9'' 

1 26'9'' 

28'7'' 

29'6* 

29'9'' 

82'7'' 

36'r 

H—Radius of Cut at Grade. 

IB'S" 

17'5'' 

ISM" 

1 18^2" 

19'6'' 

20'0'" 

21'6*' 

23'2*' 

24'8* 

I—Radius of Cut at 8 ft. Elevat’n 

25^0" 

27'11'' 

28M'' 

' 28'6'' 

31'8*' 

31'10- 

32'3'' ' 

SB'O" 

38'3* 

J—Depth of Cut. 

3,7^ 

5'6'' 


1 4'9'' 

6'2'' 

4'8'' 

I 5'!'' 


6'10" 

K—Height of Boom. 

18^2'' 

20'0'' 

21'6'' 

: 22'0‘' 

24'2'' 

26'5'' 

1 26'7*' 

26'5‘' 

30'9" 

L—Radius of Boom. 

16'4'' 

IB'O" 

19^4'' 

1 19'6'' 

21'6‘' 

23'6'' I 

1 

j22'll'' 

27'0'' 

27'7r 


THE VERSATILITY OF MARION REVOLVING SHOVELS 


With Crane Attachments and With Crawling Traction Mounting 
Model 21 carries a 35 ft. structural steel boom and has a lifting capacity of 6,500 lbs. at a radius of 35 feet. It can be 
equipped with a % cubic yard dragline or clamshell bucket, or a 15 cu. ft. orangepeel bucket. 



Crane Attachments 


Model 32 crane boom is 40 feet long. With 
the point of the boom swinging on a radius of 
40 feet, this model has a lifting capacity of 
10,000 pounds. Dragline or clamshell bucket 
has a capacity of 1 cubic yard—orangepeel 
bucket 21 cubic feet. 

Model 37 carries a 50 ft. boom when equip¬ 
ped as a crane, or as a dragline, clamshell or 
orangepeel excavator. It will lift 11,500 pounds 
at a radius of 50 feet. When used as a drag¬ 
line or clamshell excavator, the bucket has a 
capacity of 1^/^ cubic yards. Orangepeel bucket 
is heavier and has a capacity of Ihi cubic 
yards. 

A power driven boom hoist is furnished as 
part of the regular crane equipment. The 
boom can be raised or lowered as desired, thus 
increasing or decreasing the lifting capacity, 
depending on the angle at which the boom is 
suspended. 



Crane Attachments 
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THE MARION STEAM SHOVEL CO 


POWER SHOVELS. 



RAILROAD TYPE SHOVELS 


We begran building:- these in the early eighties. One 
of this type, shipped into the Lake Superior District 
in 1891, was the first shovel ever bought for iron-ore 
service. Since then the line has been developed and 
its usefulness extended to almost every kind of 
heavv excavating. 

Snovels of this design have the operating machin¬ 
ery, swingring circle and boiler mounted on a car 
body, the boom swinging through an arc of 190 to 
260 degrees, depending on the size of the shovel. 

They can be furnished with railroad trucks or 
with wide faced traction wheels. With the exception 
of Model 41 all shovels of this type can be equipped 
with crawling traction trucks—a mounting admirably 
suited to mine or quarry. (Upper view at right). 

Models 61, 61, 70 and 92 can be furnished with 
electric power and several of the smaller models can 
be fitted for compressed air for tunnel work or under¬ 
ground mining. 


Dlagrram of Railroad Type Shovel .. i... —— 

LARGE REVOLVING SHOVELS AND DRAGLINES 
In mining and quarry service 
Marion Large Revolving Shov- 
els have many distinct advan- 
y il B i r tages over other t 3 rpes. Their 
X j WTm \ XBOb wide working range in the h 

X I CA \ handling of overburden, ore or 1| 

\ A stone cause less frequent shift- 

U ing of the working and loading ^ 

A B tracks and greatly reduces the ' ! # y 

. number of men required about \ 

/ the Output 

per yard materially re- _ ■ 

where deep overburden is 
encountered or extreme max- 
imum reach and height dump 
are required, dragline equip- 

ment can often be used to an advantage. Shovel and dragline attachments > 

are interchangeable on the same machine. Models 282 and 300 can be fur- ■ ■ ^ 

nished with steam or electric power—all other models with steam only. 1 1 

!l 

WORKING RANGES I i, 

Iiarge Revolving Dragline Excavators | 

Single Boiler Track Mounting c, j 


Boom at Angle of 30 


Model 282 


A—Length of Boom. 

B—Size of Bucket, cu. yds. 

C—Capacity per Hour, cu. yds. . 
D—Height of Dump Above Rail 

E3—Radius of Dump. 

P—Radius of Cut at Grade in ft 
Q—Depth of Cut. 


176-400 175-400 
47^0'' 62'0" 

123'0'' 145'0" 
123-145 145-176 
38 ' 0 '' . 40 ' 0 '' 

689000 689000 


Diagram of Dragline Excavator 


H—Approx. Working Weight, lbs 


WORKING RANGES 
Barge Revolving Shovels 
Single Boiler Track Mounting 


Model 


Boom at Angle of 45 


Model 300 


A—Length of Boom 


B—Length of Dipper Handle. 

C—Size of Dipper, cu. yds.. 

D—Capacity per Hour, cu. yds. 

E—Approximate Working Weight, lbs 

P—Height Dump Above Rail. 

G—Radius of Dump. 

H—Radius of Cut at Grade. 


150-300 

722000 

65'0^ 

99^0" 

r.O'O" 


Diagram of Large Revolving Shovels 
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Model 212 

45'0" 

55'0" 

28'0" 

34'0'^ 

2 

IM* 

75-150 

75-150 

205000 

205000|| 

33'0" 

42^0" :| 

52'0" 

62'0'' 

i 33'0" 

' 37'6" 



Model 

41 

Model 

51 

Model 

61 

Model 

70 

Model 

76 

Model 

92 

Model 

100 

A—Length of Boom. 

20^0" 

23'0'' 

26'0'' 

27'O'' 

28'0" 

30'0'' 

32'0'' 

B—Length of Dipper 








Handle. 

12'6'' 

IS'O" 

16'0'' 

II'O" 

18'6'' 

lO'O" 

lO'O** 

C—Size of Dipper. 

%-lH 

1%-2U 

2-3 

2-3% 

2%-4 

3-6 

3-6 

D—Capacity per Hour., 

120-360 


160-400 



cu. yds. 

60-80 

80-270 

126-376 

200-600 

260-550 

E—Approx. Working 








Weight, lbs. 

92000 

132000 

159000 

182000 

212000 

239000 

2B6000 

P—Boom Swings Back 








of Right Angle. ... 

40* 

1 10* 

10* 

6* 

6* 

6* 

6* 

G—Height of Dump. 

12'0'' 

14^6'' 

IG'O" 

IG'G" 

IT'O" 

17'0'' 

17'0'' 

H—Radius of Dump. 

20M'' 

24^3" 

26'10'' 

27'4'' 

29'0" 

31'2'' 

Ol'l" 

I—Radlusof CutatGrade. 

18'6* 

16'6" 

17'0'' 

18'0'' 

lO'O" 

20'0'' 

20'0'' 

J—Radius of Cut at 8 ft. 








Elevation. 

za'o" 

26^6'' 

29'0'' 

80'0'' 

Sl'O" 

33'0'' 

33'0'' 

K—Depth of Cut Below 



5^0'' 





Wheels. 

4'4'' 

4'11" 

1 6'2'' 

6'2" 

1 O'O" 

O'l** 

L—Height of Boom.1 

lo'e" 

1 23*0" , 

24'7'' 

26'6'' 

27'7'' 

29'6" 

31'4'' 

M—Radius of Boom.' 

IS'IO" 

1 18^0'' 1 

IS'S" 

1 21'2'' 

21'10*' 

23'4‘' 

24'9'' 


Model 

1 222 

Model 

1262 

70'0'' 

1 OO'O" 

lOO'O" 

126'0'' 

3 

1 2 

4% 

3% 

60-200 

1 60-200 

125-300 

125-300 1 

26'0'' 

37'0'' 

, 38'0'' 

54'0'' 

GO'O" 

86'0" 

96'0" 

118'0'' 

69-84 

1 86-103 

96-116 

118-140 : 

29'0'' 

42'0" 

28'0" 

1 29'0" 

198000 

1 198000 

383000 

383000 

























INDUSTRIAL CRANES. INDUSTRIAL WORKS. 


INDUSTRIAL WORKS 



BAY CITY. 

NEW YORK 
50 Church St. 

CfflCAGO 
McCormick Bldg. 


MICHIGAN 

PHILADELPfflA 
Widener Bldg. 

DETROIT 
Book Bldg. 


Sucursal: 

Xndustrlal Works. John Donnor, Ooronto, OnsUla 7677, Bantiajo do Ohilo 

Direccion cablegrraflca: “Donne, Santiagro” 



Products 

Locomotive, Erection and Wrecking Cranes, 5 to 200 tons capacity. Pile Drivers, Pillar Cranes, 
Transfer Cranes, Gantiy Cranes, Crawling Tractor Cranes, Rail Saws, Transfer Tables, Grab Buckets, 
Double-Acting Steam Pile Hammers, Wood Grapples; Buckets—Coal and Ore. 


^INDUSTRIAL” Cranes Increase Profits by Reducing Costs 







Steam, B&soline, or electrically operated Locomotive Cranes for bucket, dipper, or magnet operation; yard service 
and construction work; with capacities ranging from five tons to sixty tons; booms to suit, varying from 40 ft. to 140 ft. 
in length. 

Cranes and Pile Drivers furnished to suit any gauge, clearance, and axle load requirements. 

“INDUSTRIAL” Cranes are built so as to be readily convertible for various operations. The same Crane may be used 
for pile driving, magnet operation, automatic bucket operation and for handling heavy loads with hook and block. Booms 

may be built in sections so that the length 
may be quic^ changed to meet various 
conditions. The propelling mechanism 
is of a powerful, sturdy type that makes 
the Crane efficient in switching and haul¬ 
ing heavily loaded cars. 

“INDUSTRIAL” Cranes are pre-emi¬ 
nently adapted to the needs of caring for 
the many rush jobs on the range, placing 
over-turned ore cars on the tracks, erect¬ 
ing structural steel head-frames, and con¬ 
centrators, work about the shops, coaling 
steam shovels, shunting cars, lifting and 
shifting track sections and countless 
other duties. 


Type G “INDUSTRIAL” Crane of 
The Baldwin Locomotive Works hand¬ 
ling coal with “INDUSTRIAL” Power 
Wheel Bucket. 


“INDUSTRIAL” Convertible Crane 
Steam Shovel belonging to the Western 
Maryland R. R., trimming a high bank. 


If your own requirements are some¬ 
what special, a detailed inquiry will re¬ 
ceive the most careful consideration and 
study by a corps of engineers who will 
take pleasure in recommending the prop¬ 
er equipment. 

Ceneral Catalogue No. 110, Bucket 
Catalogue No. Ill, Book No. 113, describ¬ 
ing our CRAWLING TRACTOR CRANE 
as illustrated herewith, will be forwarded 
on application. 


Type BC ‘INDUSTRIAL” CRAWL¬ 
ING TRACTOR CRANE of 10 tons ca¬ 
pacity equipped with magnet handling 
pigs. 


“INDUSTRIAL” Pile Driver 
for driving piles either close to 
the machine on either side of 
the track, or at varying dis¬ 
tances ahead of the driver, and 
driving batter piles when de¬ 
sired. 


Type K “INDUSTRIAL” Crane hand¬ 
ling mine machinery for the Nevada 
Consolidated Copper Co. 


Type K “INDUSTRIAL” Crane be¬ 
longing to the Oliver Iron Mining Co. 


Type L “INDUSTRIAL” Crane be¬ 
longing to the Sullivan Granite Co.. 
Westerly, R. I., handling block of 
granite. 


PROMPT DELIVERIES CAN BE MADE ON ANY TYPE OF CRANE 
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LINK-BELT COMPANY. 


INDUSTRIAL CRANES 
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LINK-BELT COMPANY 

PHILADELPHIA 


CHICAGO 


INDIANAPOLIS 


New York.Woolworth Building 

Boston. 49 Federal Street 

Pittsburgh.1501 Park Bldg. 

St. Louis. . .Central National Bank Bldg. 

Buffalo.547 Elllcott Square 

Wilkes-Barre. .2nd National Bank Bldg. 

Cleveland.429 Kirby Bldg. 

Huntington.W.Va., Robson-Prichard Bldg. 
Canadian Link-Belt Co., Ltd., Toronto and 


BnuLoli and Agoaoios 

Detroit.4210 Woodward Ave. 

Kansas City, Mo_306 Elmhurst Bldg. 

Seattle.820 First Ave., S. 

Portland, Ore.161 First St. 

San Francisco.168 Second St. 

Los Angeles.163 N. Los Angeles St. 

Denver... .Llndrooth, Shubart & Co., 

Boston Bldg. __ 

Montreal H. W. Caldwell & Son Co., Chicago, New York, Dallas, Texas 


Louisville, Ky.Frederick Wehle, 

Starks Bldg. 

New Orleans.C. O. Hlnz, 

504 Carondelet Bldg. 

Birmingham, Ala.S. L. Morrow, 

720 Brown-Marx Bldg. 


Manufacturers of 

Elevating, Conveying and Power Transmission Machinery 

For Description of Other Products See Pagres 208, 653, 654 and 655 



Complete Link-Belt Sand and Gravel Washing Plant 


Sand and Gravel Washing 

Link-Belt Equipment is standard the country 
over for the handling, preparation and storing of 
sand and gravel. Each installation is designed and 
built to fit the individual conditions and require¬ 
ments in every case. 

Our engineering service is at your command 
without charge. Send for book No. 440, illustrat¬ 
ing some of the numerous Link-Belt plants. 

Stone and Lime Handling Machinery 

The possibilities for great savings, both in labor 
and time, by employing Link-Belt machinery in 



Link-Belt Crawler Crane 


MINING CATALOG 


handling stone and lime, are many. There are 
more wheel-barrows and muscles used in handling 
stone and lime than in any other large industry. 
We can eliminate a lot of it and save you the cost 
of investment in less than two normal years. Send 
for book No. 416, showing the entire line of Link- 
Belt stone and lime handling equipment. 



Lime being fed from a flame kiln bin to pan conveyor on 
floor. This pan conveyor travels up an incline at the end, 
delivering to a shaking screen. 


Link-Belt Crawler Crane 

The crawler crane is the latest addition to the 
long line of Link-Belt material handling equipment. 
It is an ideal machine for any odd jobs around the 
plant. It is rugged, responsive and mobile, yet 
light in weight. Its performance will convince you 
of its exceptional quality and economy. Send for 
new bulletin No. 595. 

Link-Belt Locomotive Crane 

Represents the highest degree of efficiency in 
design and mechanical construction known in the 
crane building art. Provided for all classes of serv¬ 
ice with grab-bucket, hook, sling or lifting magnet. 
Can do the work of from 20 to 30 men. Send for 
book No. 370. 



Link-Belt Locomotive Crane 
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MANGANESE STEEL CASTINGS. 


g00 TAYLOR-WHARTON IRON & STEEL CO. 


Taylor-Wharton Iron and Steel Company 

FOUNDED 1742 

HIGH BRIDGE, NEW JERSEY, U. S. A. 


Cable Address 
“TISCOSTEEL" New York 


^"Tisco"' Manganese Steel 


Codes 

Western Union 
ABC 


Offices 

NEW YORK—30 Church Street 
PHILADELPHIA—730 Widener Building 
SAN FRANCISCO—509 Insurance Exchange Building 
BOSTON—^201 Devonshire Street 


PITTSBURGH—1418 Oliver Building 
SCRANTON—Connell Building 
CHICAGO—208 South La Salle Street 
DENVER—Denham Building 


Products 

Alloy Steel; Castings—Steel and Alloy Steel; 
Dippers and Parts for Steam Shovels; Buckets, 
Tumblers, Links, Pins and Bushings for Dredges; 
Wheels—^Mine Car and Roller Bearing; Chain— 
Conveyor and Elevator; Teeth for Dredge Dippers. 

"Tisco” Manganese Steel 

Physical Properties—“Tisco” manganese steel 
contains 1.00 to 1.25 per cent, carbon, 0.30 silicon, 
12.50 manganese, less than 0.02 sulphur, and about 
0.08 phosphorus; it was first successfully produced 
in the Unit^ States by this company in 1892, under 
exclusive license of the Hadfield patents. Many 
refinements in the method of melting, heat treating, 
moulding and finishing have since been introduced 
and perfected. Our method of scientific heat treat¬ 
ment reduces brittleness, and renders it tough and 
ductile. It has a high tensile strength and is ex¬ 
tremely resistant to wear. Manganese steel will 
not stand direct exposure to excessive heat in 
service. It is non-magnetic. 

Advantages—“Tisco” manganese steel may be 
used to gr^t ^vantoge Tfor castings (where ma¬ 
chine finishing is not intricate) in place of cast iron, 
malleable iron or ordinary steel because of its re¬ 
sistance to shock, heavy wear and abrasive action; 
its wear-hardness is remarkable. It may be used to 
advantage, also, where time is so important a factor 
that the cost of a shut-down for replacement means 
more than the first cost of repair parts; and where 
machinery is located a long distance from a railroad 
or other shipping facilities and breakdowns entail 
loss of time and reduce production. 



Uses—^Manganese steel has found its most note¬ 
worthy uses in the construction of the following 
machines and their parts: 

Crushing Machinery—Roll shells, jaw and g3rra- 
to^ crusher parts, ball mill linings, rod mill linings, 
Chilian mills, hammer mills. 

Steam Shovel and Dipper Dredges —We make 
complete dippers and wearing parts for steam shov¬ 
els. Our patented Panama reversible tooth has a 
base permanently riveted to the dipper and a re¬ 
versible point bolted to the base which can be 
reversed when dull and thus sharpen itself. 

Placer Dredges — “Tisco” manganese steel 
bucketo, tumblers, links, pins and bushings for gold 
and tin dredges make it possible to operate in 
ground which would otherwise be unprofitable. 

Mine and Skip Car Wheels—“Tisco” manganese 
steel mine car wheels will operate continuously for 
years without breakage and with practically no 
wear. They are made with plain or self-oiling hubs 
or roller bearings. 

Chain, Sprockets and Conveyor Parts—“Tisco” 
manganese steel is used to make practically every 
standard type of chain for elevating and conveying. 
All chain is tested before shipment and rigidly in¬ 
spected. 


Service 

The company is one of the oldest manufacturing 
concerns in the United States with a continuous 
existence under Taylor leadership since 1742. Our 
Engineering Department will co-operate with pur¬ 
chasers in solving problems and determining how 
to obtain the best results. We are careful to recom¬ 
mend “Tisco” manganese steel castings for use offiy 
where the economy which they effect under abrasive 
action will more than offset their extra first cost. 




“Tisco” Manganese Steel Two-Part Panama 
Dipper Teeth 
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O. F. JORDAN COMPANY. 


SPREADER. 


O. F. JORDAN COMPANY 

EAST CHICAGO. INDIANA 

THE JORDAN SPREADER 

For Mining Operations 

“Does the Work of an Armj of Men” 


Use the Jordan- 

In disposal of overburden or any waste ma¬ 
terial. 

To store bulk materials. 

To fill ravines. 


To spread on fills. 

To keep tracks clear of snow and ice. 

For Ditching, Bank Building and Track Ele¬ 
vation. 

For Ballast Spreading. 

















502 MACHINERY. _ H. KLEINHANS COMPANY. 

H. KLEINHANS COMPANY 

Union Arcade. PITTSBURGH, PA. 

Branch Office, 30 Church Street, New York, N. Y. 

Rc-buildcrs of Used Earth Moving Machinery 

Products 

Rebuilt modern earth handling machinery, such as steam shovels, locomotive cranes, draglines, loco¬ 
motives, dump cars, as well as pumps, compressors and other accessory equipment. 


Methods 

This company buys modem machinery from 
contractors who have finished jobs, and from Pit 
and Mine owners and Industrial concerns who have 
machinery of this nature to dispose of. No anti¬ 
quated, worn out or abused machinery is purchased. 

All machinery purchased is thoroughly repaired 
and re-built in fully equipped repair shops located 
on Neville Island, near Pittsburgh, Pa. 

All machinery is sold subject to inspection before 
shipment, but, in many cases, where a purchaser 
may not be able to have a competent inspection 
made, machinery will be shipped under guarantee. 



Steam Shovel 

steam Shovels 

Machines of the following makes and types are 
in stock at practically all times: 

Bucyrus 70-C and 78-C, mounted on railroad trucks and 
equipped with 2% yard dippers. 

Marion 60 and 61, mounted on railroad trucks and equipped 
with 2% yard dippers. 

Erie Type “B” on traction wheels and caterpillars full re- 
volvinp:, % yard dippers. 

Marion 21 and 28, on traction wheels and caterpillars, with 
% and \ yard dippers. 

Osgrood 18, full revolving, on traction wheels, % yard dipper. 
Railroad Ditchers—American and Erie Ditchers. 



Locomotive Cranes 

15 to 35-ton capacity, standard gauge Loco¬ 
motive Cranes, of various makes, equipped with 
double drums for handling clam shell buckets, are 

SECTION XII 


on hand at practically all times. Larger and smaller 

sizes are frequently in stock. 

Locomotives 

Standard gauge saddle tank and switching loco¬ 
motives, varying from eighteen to sixty tons in 
weight, are on hand at practically all times. Other 
sizes and types are frequently in stock. 



General Haulage Locomotive 

Specialty is made of 36" gauge locomotives, 
varying in weight from ten to twenty tons. Loco¬ 
motives of this size are always ready for shipment. 
Larger one are frequently stocked. 

Dump Cars 

Standard gauge dump cars, manufactured by 
Western Wheeled Scraper Company, Kilboume & 
Jacobs Company, Magor Car Corporation, and 



Standard Dump Car 

others, of capacities 6-yard, 12-yard, 16-yard, 
20-yard, and 30-yard are in stock at practically all 
times. All of these sizes, with the exception of the 
6-yard, are equipped with air-dumping apparatus. 

Thirty-six inch gauge 4-yard dump cars always 
in stock. 

Rental of Machinery 

Operators frequently require the use of heavy 
excavating machinery for special purposes, such 
as siding construction, etc. In such cases, complete 
excavating outfits or separate units can be rented 
for periods of two months or more. 

Miscellaneous Equipment 

In addition to the above listed machinery, there are in 
stock at all times various sizes and types of machinery 
required on construction work, such as steam, electric and 
gasoline operated pumps; steam, electric and gasoline oper¬ 
ated concrete mixers; well drills; hoisting engines; road 
rollers; steam hammers, etc., etc., etc. 
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Aerial Tramways and Cableways 


iAtheA 

.MINING] 

kCADUGOi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


THE FOLLOWING MANUFACTURERS and DEALERS 
^^ARE REPRESENTED IN THIS SECTION 



American Steel & Wire Co. 
Broderick Bascom Rope Co. 
Interstate Equipment Corp. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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CABLEWAY AND TRAMWAY DATA 

CABLE FORMULAS 


Catenary Curve 

Theoretical curve taken by a cable of uniform 
weight when suspended from its ends is a catenary; 
it is the curve of the funicular polygon formed by 
a series of equal weights hung equidistant along 
the arc. 

EUipty Cable; Horizontal Chord. In Ffg. 1, let 
s = span, ft. 

h = deflection at center, ft. 
h, = deflection at any point of curve, as p, ft. 
t = tension in cable at center, lb., = horizontal 
component of tension at any point. 

T = tension in cable at any point, lb. 
w = weight of cable per ft. lb. 

W = total weight of cable in span, lb. = ws. 

R = total vertical reaction at a tower; for cable 
only, it is = ^ws. 

m and n = sections into which point p divides 
span. 

^ = inclination of tangent to curve at any 
point,, as B. i . .. 



FIs. 1 


Deflection at Center 

h = ws* -7- 8t 

Deflection at Any Point, as p 

hj = wmn -i- 2t 

Tension of Cable at any point is: 

T = t -7- cos f 

Slope of Tangent to Curve of Empty Cable 

The tangent at end of span, when chord is hori¬ 
zontal, has a slope of 

tan ^ = R -j-1. 

Let Fig. 2 be the funicular polygon resulting 
from three concentrated loads, then, 

H = the total deflection due to load and cable 


Fjm wmn 



Fig. 2 
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Working 

Type of cable 

w, lb. 

t.lb. 

equation 

Smooth-coil cable... 

8.4 

30,000 

h = .000011 

Locked-coil cable... 

8.6 

1 80,000 

h = .000016 If 

Patent-locked rope.. 

• 

j ult. strength 

^ a ult. strength 

h = .000014 ff 

1 h = .000018 fl* 


*For patent-locked rope fron\ 1 to 2.25 in. diam., the mean 
value of weight -f- ult. strength = .000029. 
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Liocked-Coil 

Cables 

Smooth-Coil 

Cables 

Fatent-Iiocked 

Rope 

Diam. 

£ , 

i3i 


5 



A 

S5 


Inches 



.S o 


ss". 

.5 o 





. 

© 

6 ojS 
a ©^ 

Sr 

^ • 


©S'" 

■sf • 


Sr 


© Q, 




5qq 


© A 

PQ9 



% 

1 

IH 

ihi 

1% 

1% 

1% 

1% 

2 

1.87 
2.36 

2.87 
3.60 
4.30 
6.20 
6.20 

56,800 

-71,300 

86,100 

108,700 

131.600 

166.600 
198,000 

16,780 

19,820 

23,910 

30,210 

36,560 

43,500 

55,000 

1.66 

2.03 

2.67 
3.18 
3.72 

4.68 

49,360 

64460 

81,580 

100.890 

118,270 

148,500 

13,710 

17,900 

22,660 

28,020 

32,850 

41,260 

1.88 

2.50 

3.16 

3.80 

4.76 

6.70 

72,000 

86,000 

110,000 

184,000 

160,000 

190,000 

14.400 

17,200 

22.000 

26,800 

82.000 

88,000 




7.65 

258,000 

840,000 

440,000 

650,000 

52,000 

68.000 

88,000 

110,000 

6.0 







10.00 

2% 

2% 

Factor 







12.50 







15.50 

•of* 

1 

safety 

1_ 

3.6 



3.6 






Deflection Due to One Concentrated Load 
One load at any point: 


mn 

H=(ws-^2g) — 
2st 


One load at center: 


H= (W8 +2g) — 
8t 


One load at distance y from one end: 


n 

H = (wms -j- 2gy)- 

2st 


Empty Cable; Chord Inclined 

Let Fig. 3 represent such a case, 1 being length 
of chord: 

ws 

Deflection at center: h=- 

8tcosa 

wmn 

Deflection at any point: h, =- 

2tcos a 
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MLL- 


Flg. 3 


Cable Carrying Concentrated Loads; Chord Inclined 
Load at any point of an inclined span: 


mn 

Deflection H = (wl + 2g) — 

2t8 


Load at center: 


H=(wl + 2g) — 
8t 


Load at distance y from one end: 


n 

H = (wml + 2gy)- 

2ts 


Length of Parabolic Curve 

The len^h of a symmetrical parabolic curve L, 
when the rise is small, is closely approximate: 

Sh* 8 

L = S -1-or h* = - s (L — s) 

3s 8 

If the chord be inclined, the length, for taut 
curves common in tramway practice may be taken 
as equivalent to a symmetrical parabola having 
same chord length and same deflection normal to 
the chord. The normal deflection is nearly equal 
to vertical deflection X cos a. 

Horizontal Tension (t) 

In tramway construction, cables are stretched 
by tension applied to one end of the span (usually 
by a weight), equal to working tension of the cable. 
This tension is used in formulas for the value of t; 
it makes the actual horizontal tension in cables a 
little less than that used in the calculations, and 
hence the sag will be a little greater than calcu¬ 
lated. Owing to the flatness of the curves, this 
error is not serious, when the chord is at a low 
angle. But on inclined spans it may make consid¬ 
erable difference; the error can be partly compen¬ 
sated by calling the applied tension t', and as¬ 
suming that its direction is parallel to inclined 
chord; then the approximate horizontal tension, to 
be used in the formulas, will be t = t' cos a. 


OPERATING FORMULAS 


Spacing of Carriers 

For a system operating a continuous series of 
carriers, let: 

t = time interval between carriers, sec. 
d == distance between carriers, ft. 

1 == load in one carrier, lb. 
n = number of tons to be carried per hr. 

V = velocity of tramway, ft. per min. 

Then 

t = 1.8lH-n. 
d = 0.03 Iv -T- n. 

Tension in Traction Rope 

Tension in a rope holding any body at rest on 
an incline, neglecting friction, is T = W sin a. Fric¬ 
tion of a body moving on an incline is, F = fW cos a; 
in which, 

T = tension parallel to the plane, in same unit 
as W. 

W = total weight of bodies on plane, preferably 
in lb. 

a = inclination of plane, 
f = coefBcient of friction. 

F = total friction, in same unit as W. 

Where the body extends the whole length of the 
incline, as a rope lying on it, then the total weight 
is W = wL, where 


w = weight per ft., in same unit as W. 

L = inclined length of the plane, ft. 

Then 

T == wL sin a = wV. 

F = fwL cos a = fwH. 

in which 

V = vertical distance between ends of plane. 

H = horizontal length of plane. 

Tension in traction rope of a double rope tram¬ 
way, or an endless rope of a single rope tramway, 
at its upper end, taking friction into account, 
will be: 

T = wV ± fwH. 

Transmission of Power by Band Drives 

In a band drive, tension on the slack side must 
bear a certain relation to tension on the taut side 
to develop sufficient friction to prevent slipping. 
The formula for this relation is: 

T = Se““i«” 

in which: 

T = tension on taut side ( Both in the same 
S = tension on slack side | unit, preferably lb. 
e = base of Naperian logarithms = 2.71828. 
f z= coefficient of friction (see accompanying 
Table). 

n = number of half laps on drum (number of 
turns of 180® each). 
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The useful effect, or force transmitted by the 
drive, is the difference between tensions on the two 
sides, that T — S. 

Therefore 

T —S = S(e*»i««" —1) 

which is an expression for the force transmitted by 
a band drive. 


Coefficients of Friction, f, for Band Drives 


Condition of 
Surfaces 

1 

Iron on 
Iron 

Iron on 
Wood 1 

Iron on 
Rubber or 
Leather 

Dry . 

1 0.170 

1 

0.235 

0.495 

Wet .. 

0.085 

0.170 


Greasy . 


0.140 

0.205 


DESIGN OF 


Data required are; (1) plan and cross-sections, 
or contours, of volume to be excavated, the sections 
showing probable maximum depth of excavation; 

(2) position and elevation of discharge points; 

(3) kind, size, and weight per piece, or per cu. ft., 
of material to be handled; (4) quantity to be 
handled in tons per hr.; (5) nature of power to be 
used. 

Weight of Load 

Is sometimes governed by size of individual 
unit or pieces. In stripping it is usually deter¬ 
mined by quantity of loose material to be handled 
per hr., although weight of single blocks of stone 
may be the controlling factor. Net loads equal 
tonnage per hr., divided by number of loads that can 
be handled per hr. 

Time Per Load 

Is made up of time to hoist, transport load, 
dump it, return the skip to pit, and change con¬ 
nections to another load. Speed of hoisting and 
lowering may be as high as 300 ft. per min. Car¬ 
riage can be hauled along cable at 1000 to 1500 ft. 
per min., with button-spaced fall rope carriers, and 
at about 800 ft. per min., with chain-spaced fall 
rope carriers. Maximum distance to be hauled 
may be taken as 80% of span; it can rarely exceed 
90%, and is not likely to exceed 70% for any length 
of time. 

Size of Cable 

This depends on load, span, and allowable de¬ 
flection. In beginning a design it is usual to allow 
a deflection of 0.05 of span, when load is at center. 

Typical Cableways 

The largest loads that have been carried are 
37 tons on a pair of cables and 20 tons on a single 
cable, on twin cableways of Great Western Power 
Company, Feather River, Cal.; span 1140 ft. Sev¬ 
eral cableways have been built to carry 15-ton loads. 


OBimtAli BPB01PI0AT10»B TOM OABMWAYB 


Load, ^ 

Cal)le.s, 

Operating I 

1 ICarriage and 

ropes, 1 

Engine, 

1 fall block. 

tons 

diam., in. 

diam., in. 

! 

2 cyls., in. | 

approx. 

1 wt., lb. 

1 

1.25 


8x10 

600 

2 

1.5 

% ' 

8x10 

1000 

4 

1.75 

% 

10x12 

1600 

6 

2 

% 1 

10x12 

2000 

8 

2.25 

1 % 

12x15 

2300 

10 

1 2.5 

1 % 1 

12x15 

2500 
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n = 

Number ot Half Laps About Sheaves or Drums 


1 

2 

I 

3 

4 

5 

1 

1 ^ 

0.070 

1.246 

1.552 

1.934 

2.410 

3.003 

3.741 

0.085 

1.306 

1.706 

2.228 

2.910 

3.801 

4.964 

0.100 

1.369 

1.875 

2.566 

3.514 

4.810 

6.686 

0.120 

1.458 

2.125 

3.099 

4.518 

6.586 

9.602 

0.130 

1.604 

2.263 

3.405 

6.122 

7.706 

11.698 

0.140 

1.552 

2.410 

3.741 

5.808 

9.017 

13.998 

0.160 

1.602 

2.566 

4.111 

6.586 

10.551 

16.902 

0.170 

1.706 

2.910 

4.964 

8.467 

14.446 

24.641 

0.200 

1.876 

3.514 

6.586 

12.346 

23.140 

43.376 

0.205 

1.904 

3.626 

6.904 

13.146 

25.031 

47.663 

0.235 

2.092 

4.378 

9.160 

19.166 

40.100 

83.902 

0.250 

2.193 

4.810 

10.561 

23.140 

60.637 

111.318 

0.265 

2.299 

5.286 

12.163 1 

27.941 

64.239 

147.693 

0.300 

2.566 

6.586 

16.902 1 

43.376 I 

111.318 

285.680 

0.350 

3.001 

9.017 

27.077 

81.307 

244.152 

733.146 

0.400 

3.514 

12.346 

43.376 1 

162.406 1 

535.488 

1.849.140 

0.410 

3.626 

13.146 

47.663 ' 

172.814 

626.677 

2,271.776 

0.450 

4.111 

16.902 

69.487 

285.680 

1,174.480 

4.828.610 

0.495 

4.716 

22.425 

106.194 

602.881 

2,381.400 


0.500 

4.810 

23.140 

111.318 

535.488 

2.676.940 



CABLEWAYS 


Cableways 

Are frequently used in quarry work, cai^ 
and trench excavation, and in open pit min¬ 
ing. Chicago Drainage Canal employed 19 
cableways with spans of 550 to 726 ft., traveling 
towers 73 to 93 ft. high, and equipped with aerial 


xmoAXi npBomoATiovs 


Span, ft. 

Load, tons 

Cable diam., 
inches 

Operation 
rope, inches 

Holster, 

size 

1 

1 Remarks 

800 

1 1 

1.5 

% 

8^x10 

Hoisting speed, 200 ft. 
per min. Traversing 

speed. 800 ft. per min. 

300 1 

2 

1.6 1 

% \ 

8^x10 


950 

5 

2 

% 

10x12 

Head tower, 96 ft. 
fixed; tail tower, 36 ft., 
movable; capacity 750 
tons limestone per day. 

500 

5 

2.25 

% 

60 H. P. 
electric 

Towers travel. Hoist¬ 
ing speed, 233 ft. per 
min.; traversing speed. 
700 ft. 

700 

8 or 

5 cu. ft. 
rock 

2.26 


10x12 

Chicago Drainage Ca¬ 
nal, 17 cableways. Tow¬ 
ers travel; head, 92 ft. 
high on 44x108 ft car: 
tail, 72 ft. high on 37x82 
ft. car. 

1200 

4 

2.25 

% 

110 H. P. 
electric 

Towers, 160 ft. 

1350 

7 

2.5 

% 

10x12 

Towers, 30 and 70 ft. 
high. Handles 180 cu. ft. 
per day. 

1 

900 

! 

7 

1 

2.25 

% 

1 

11x14 

2 cableways. Towers, 
80 ft high. Each han¬ 
dles 400 tons per 10 hrs. 

800 

1 

! 

6 

2.25 


160 H. P. 
electric i 

Panama Canal. 8 ca¬ 
bleways. Towers, 85 ft- 
high, steel, movable, De¬ 
flection of cable, 44 ft. 
Hoisting speed. 333 ft.; 
traversing, I 8 OO 72 OOO ft. 

1420 

10-15 

1 



300 H. P. 
electric 

3 cablewaya 

1500 

1 

12 

2.25 


12x12 

and 

12^x15 

4 cableways. Towers 
movable. Engines use 
compressed air at 90 lb. 
Each handles 236 skips, 
8x8x2 ft 4 cu. yds- ex¬ 
cavated material, place 
measure; or 226 batches, 
2.6 cu. yds. each of con¬ 
crete; or 622 cu. yds. 
stone block, per 8 hrs. 
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dumps. Main cables, 2.25 in., hauling and hoist¬ 
ing cables, 0.75 in., button and dumping cables, 
% in. They had a hoisting speed of 250 ft. and 
a traveling speed of 1000 ft. per min. Arrowrock 
Dam, Idaho, had two cableways which handled 
101,263 cu. yds. of blasted rock, boulders, gravel 
and sand. Span, 1300 ft.; average traveling dis¬ 
tance, 500 ft.; average hoisting distance, 300 ft. 
Hoisting load, 8 tons, at 300 ft. per min.; convey¬ 
ing speed, 1200 ft. per min. Skips, 8 by 8 by 2 ft. 
Canal work on St. Mary's Channel Improvement, 2 
cableways handled 1,700,000 cu. yds. of limestone 
in 2.5 years. Rock was loaded into skip by four 
60-ton traction-mounted steam shovels. Skips hdd 
6 cu. yds. each, but sometimes 8 cu. yds. (18 tons) 
were handled. Two cableways had spans of 1100 


ft. and 2 of 800 ft. Average haul, 300 ft. Best 
month’s record for all, 22,000 cu. yds. each; best 
month’s record for one cableway, 30,000 cu. yds. 


oomrr or rovs okioaoo sbaiwaob OABUiwA-ni 

(Ora KOHTK) 



1 1 

2 

3 

4 

No. of 10-hr. shifts. 

49 

35 

52 

49 

Total cu. yds, rock. 

12,633 

8,632 

16,162 

14,535 

No. of skip-loads, day shift- 

5,111 

5,327 

5,435 

4,369 

No. of skip-loads, nlirht shift.. 

4,087 

1,201 

5,467 

4,468 

Cu. yds. solid rock per skip.... 
Cu. yds. solid rock per shift... 

1.44 

1.32 

1.48 

1.65 

258 

247 

311 

297 

No. of laborers. 

27 

27 

32 

32 

No. of foremen. 

2 

2 

2 

2 

Total labor, hrs. 

12,861 

9,608 

17,075 

15,227 

Cu. yds. rock loaded per man 





per shift . 

9.82 

8.98 

9.46 

9.54 

Tons coal per shift. 

1.88 

1_ 

1.88 

2.28 

2.28 


DOUBLE-ROPE TRAMWAYS—Continuous System 


Elements 

A double-rope tramway consists of: (1) two 
track cables stretched at required tension; (2) an 
endless traction rope for moving the loads; (3) nu¬ 
merous carriers for the loads, each fitted with car¬ 
riage or trolley to run on track cable and a clamp 
or grip for seizing traction rope; (4) a station at 
each end to operate or control the traction rope and 
provide places for loading and unloading carriers; 
(5) intermediate towers for supporting track cable 
and traction rope. 

Capacity 

Economical limits of capacity for double-rope 
tramways are approximately 10 tons per hr. as 
minimum and 150 tons per hr. as maximum. If 
less than 10 tons per hr. are to be carried it is more 
economical to operate the tramway fewer hours or 
on alternate days, than to reduce its carrying ca¬ 
pacity. A traffic of 150 tons per hr. requires quite 
heavy loads at frequent intervals, and represents 
the maximum that track cable will stand without 
excessive wear. 

Length 

It is seldom wise to use double-rope tramways 
for distances less than 1000 ft., because terminal 
machinery costs as much as for a longer line and so 
makes first cost excessive. Maximum limit, under 
favorable conditions, is about nine miles; the re¬ 
sulting 18 miles of traction rope being as long as 
can be operated successfully. If distance be 
greater, a series of tandem tramways can be built. 
Loads 

Net weights of 500 and 1500 lbs. are the usual 
lower and upper limits for loads on ordinary tram¬ 
ways; below 500 lbs. there is no saving in cost of 
carriers, and over 1500 lbs. the wear on cables is 
great. The time intervals between carriers is con¬ 
veniently min. 'Tramway speeds have con¬ 


stantly increased. Speed must be high to carry a 
large tonnage without increasing weight of moving 
parts, or stresses due to their weights, but when 
speed is too high it is difficult to handle the car¬ 
riers at the terminals. The practical speed is about 
8 ft. per sec., with 10 ft. per sec. as maximum with 
favorable conditions and careful designing. 

Towers 

The location and height of towers must be such 
that: (1) track cable will lie firmly in the saddles 
under all conditions of loading; (2) the angle made 
by cable over any saddle at a crest will not be ex¬ 
cessive. The tops of towers are brought up to a 
construction curve, the tension of which is 1.5 times 
the working tension of track cable. The deflection 
angle made by empty cable over any saddle shall 
not exceed 2° 52'. On long spans, the loaded posi¬ 
tion of the cable should be calculated and plotted, 
and its relation to towers and ground investigated. 

Construction at Crests 

This is a difficult problem. The principal wear 
on track cable occurs near towers, and this is ag¬ 
gravated at crests by downward pressure due to 
pull of traction rope, added to the weight of carrier. 
Downward pressure is minimized by making the 
curve over the crest as easy as possible, by intro¬ 
ducing a series of towers at short intervals and 
distributing the bend among them. 
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Tons 
per hr. 

Dlam. of Cables, 
Inches 

Net 

Loads, 

Lbs. 

Gage, 

Ft. 

Style of 
Carriage 

Loaded 

Side 

Empty 

Side 

5 to 10 

1 

% 

500 1 

6 

Light 

15 to 20 

IH 


600 . 

6 

Light 

25 to 30 


% 

800 

6 or 8 

Heavy 

40 to 50 

1% 

% 

1,200 I 

s 1 

Heavy 

60 to 75 

IH 

1 

1,500 

8 

Extra heavy 

80 to 100 

1% 

1 1 

2,000 1 

8 or 10 1 

Extra heavy 
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Deflection 

Tangent 

Angle 

a 

Cosec. 

%a. 

1 

Spacing of Towers, Measured on the Curve 

10 

20 

80 

40 

60 

60 

70 

80 

90 

100 

H:20 

0.026 

l*-26' 

79.96 

400 

800 

1200 

1600 

2000 

2400 

2800 

3200 

8600 

4000 

%:20 

0.0375 

2*-09' 

1 63.81 

270 


810 

1080 


1620 


2160 

2430 

2700 

1 :20 

0.05 

2*-62' 

39.98 

200 

400 

600 




1400 


1800 

2000 


0.0625 

3*-34' 

32.13 

160 

320 

480 



960 


1280 

1440 

1600 

1H:20 

0.075 

4*-18' 

26.66 

133 

267 

400 


667 

800 



1200 

1333 

194:20 

0.0875 

6»-00' 

22.93 

116 

230 

345 


575 

690 

806 


1 1035 

1160 

2 :20 

0.10 

6*-42' 

20.11 

100 

200 

800 

400 

500 

600 

700 


900 

1000 
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g0g AERIAL TRAMWAYS. 


AMERICAN STEEL & WIRE 00. 


AMERICAN STEEL & WIRE CO. 


CHICAGO. 

NEW YORK. 

WORCESTER.... 

BOSTON. 

PHILADELPHIA 
PITTSBURGH... 

BUFFALO. 

DETROIT. 

CINCINNATI. . . . 


208 So. La Salle Street 

.30 Church Street 

.94 Grove Street 

...185 Franklin Street 

.Wldener Building 

.Frick Building 

337 Washington Street 
. .Foot of First Street 
.Union Trust Building 


SALES OFFICES 

CLEVELAND.Western Reserve Building 

• BALTIMORE.82 So. Charles Street 

WILKES-BARRE, PA.Minors Bank Building 

ST. LOUIS. .Liberty Central Trust Company Bldg. 

KANSAS CITY.417 Grand Avenue 

ST. PAUL-MINNBAPOLIS.Pioneer Bldg., St Paul 
OKLAHOMA CITY...1st National Bank Building 

BIRMINGHAM, ALA.Brown-Marx Building 

DENVER.1st National Bank Building 

SALT LAKE CITY.Walker Bank Building 


Export Representatives: U. S. Steel Products Co., New York 
Pacific Coast Representative: U. S. Steel Products Company 
San Francisco Los Angeles Portland Seattle 


AERIAL TRAMWAYS 


Products 

Aerial Tramways, Wires and Cables in the fol¬ 
lowing materials: Iron; Crucible Cast Steel; Extra 
Strong Crucible Cast Steel; Plow Steel; Monitor 
Steel. 

Wire Rope Fittings and Accessories, including 
Thimbles, Clips, Clamps, Sockets, Hooks, Shackles, 
Tumbuckles, Blocks, Sheaves. See pages 416 to 421. 

Electrical Wires and Cables, including Copper 
Trolley Wire; Hard Drawn Copper Telegraph and 
Telephone Wire; Magnet Wire; Annunciator Wire; 
Office Wire; Weatherproof Wires and Cables; Slow 
Burning Wires and Cables; Lamp Cords; Electric 
Heater Cord; Rubber Covered Wire for Interior 
Wiring; Feeder Cables; Switchboard Cables; Rub¬ 
ber Covered Fireproof Cables; Duplex and Concen¬ 
tric Cables; Fixture Wire; High Voltage Cables; 
Lead Encased Cables for Lighting and Power; Gal¬ 
vanized Telephone and Telegraph Wire, see pages 
266 to 269; Rail Bonds, see page 335. 

Everything in the Wire and Cable line. 


Trenton Aerial Tramways 

A system of transp’ortation by which the ma¬ 
terial is carried in receptacles suspended from 
carriages running on stationary track cables. A 
separate endless haulage rope, to which the carriers 
are attached, controls their motion. 


1 



Ore Carrier Passing Tramway Tower 



Trenton Tramway Conveying Ore In Mountainous Country 


Application 

Aerial wire rope tramways are used 
for conveying coal, ore, lumber, merchan¬ 
dise, agricultural’ products, passengers, 
etc. Special types of lines are higl^ 
efficient and economical for waste dis¬ 
posal or for piling materials for storage. 

Aerial conveying often is the only 
means of bringing mine or quarry producte 
to plant or railroad. Mountainous country 
or intervening rivers are readily crossed 
by the shortest direct route and without 
the necessity of tunnels, cuts or fills, or 
bridges. Storms of snow or rain which 
would disrupt surface haulage do not 
hinder the continuous operation of an 
aerial tramway. 
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AMERICAN STEEL & WIRE CO. 


AERIAL TRAMWAYS. gQg 


Trenton Tramways provide the most economical 
transportation. 

Our designs and mechanical details are based 
on the experience of over 35 years of tramway 
manufacturing. Any material can be carried, any 
distance or in any quantity. 


sheaves, shafts, bearings, gears for power connec¬ 
tion, rope guides, saddle rollers, automatic attach- 
ers and detachers; machinery bolts and washers, 
timber bolts, anchorage irons, braking mechanism, 
telephones, reverse preventers, speed indicators, 
etc., as may be necessary or advisable. 



Trenton Tramway for Disposal of Mine Waste. Showing: Waste Piled by Aerial Dumping of Bucket. 


Engineering and Construction 

We design complete aerial tramway installa¬ 
tions, furnishing detailed working drawings of the 
tramway terminals and intermediate structures. 




Details of Stacking Tramways, for Storage Piles or Piling Waste 


We furnish all mechanical equipment or metal 
parts required, including track cables and traction 
rope (with tools for installing them), terminal rail 
and accessories, terminal machinery, including 



Self-Dumping Bucket Discharging Contents 
Upon Passing Through Automatio 
Movable Tripping Frame 
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AERIAL TRAMWAYS. 


AMERICAN STEEL & WIRE CO. 


Track Cables 

The track cables recommended in the aerial 
tramways built by the American Steel & Wire 
Company are known as the Trenton “locked-coil 
cables,” so named from the fact that the outer 
wires which are drawn to shape, interlock one with 
the other, as illustrated in Figure 1. The smooth 


The smooth-coil cable is more durable than the 
track cables offered by other makers at the same 
price, made of smaller wires, and barring the 
locked-coil cable, is unsurpass^ as a track cable 
in its wearing qualifications. 

Rolling Stock 



Fig. 1. Trenton Locked-Coil Track Cable. 





surface of this cable results in a uniform distribu¬ 
tion of wear not obtained in any other kind of cable, 
which adds to the life not only of the cable itself, 
but also to the carriage wheels which traverse it. 
This cable is made in len^hs varying from 800 to 
1,600 feet, and owing to its peculiar construction, 
is quite stiff, but sufficiently flexible to be shipped 
in coils from 5 to 6 feet in diameter. 

Wire cable of the ordinary construction, com¬ 
posed of round wire strands, laid about a hemp or 
wire strand core, is not at all adapted to this pur¬ 
pose, on account of the comparatively small wires 
under the constant traction of the carriage wheels. 


Smooth-Co 11 Track Cable 

The special forms of cables with approximately 
cylindrical surfaces, composed of strands made of 
round wires wrapped about a triangular or other 
shaped core wires, are little better. With the 
“locked-coil” cable, in the event of any of the outer 
wires breaking—^which rarely happens until after 
years of service—the ends of the wires 
do not protrude and result in a ragged 
surface of tangled wires, as with the 
ordinary or special forms of cables 
referred to, but always present a smooth 
surface. 

When a lower-priced equipment is de¬ 
sired, and the conditions are favorable, 
we offer what is known as the “smooth- 
coil cable,” illustrated above. This cable 
is composed simply of a number of com¬ 
paratively large round wires coiled in 
concentric layers about a core wire, the 
number of layers and sizes of the wires 
varying according to the size of the 
cable, which is, in reality, simply a large 
strand, the surface of which when new, 
resembles that of a spirally-fluted cylin¬ 
der, and when worn, approximates that 
of a smooth round bar. 


The ordinary carrier for transporting ore and 
like material consists of a carriage that traverses 
the track cables, from which is pivoted in suspen¬ 
sion a hanger that supports the bucket or other 
receptacle, and above which is a grip by means of 
which attachment to the traction rope is effected. 

The loading and discharge of the receptacles at 
either terminal or intermediate stations can be 
effected at any point or any number of points. 

The steepest grades can be surmounted without 
difficulty. 

Less power is required, or more developed, as 
the case may be, than with any other system. 

The carriers, if necessary, can be run around 
angles without requiring the services of an at¬ 
tendant. 

The carriers can also be run around either ter¬ 
minal, where no loading or discharge of the rec^ 
tacles occurs, without requiring the services of an 
attendant. 

Low cost of maintenance and operation. 

A wide variety of re¬ 
ceptacles cdn be furnished, 
the style depending on the 
material to be carried. 

The illustration is that 
of a Self-Dumping Bucket, 
with Automatic Overhead 
Grip. 

The construction of the 
Trenton Automatic Over¬ 
head Grip is such that the 
weight of the carrier acts 
as the gripping force. This 
construction possesses the 
advantage of being inde¬ 
pendent of' any nice ad¬ 
justment of the grip jaws, 
so that the grip automat¬ 
ically accommodates itself 
to irregularities in the wear of the traction rope. 


Self-Dumping Bucket 


Tramway. Showing Portion of 750-Foot Span and 90-Foot Support. Length 
of Line, 12,270 Feet. Hourly Capacity, 60 Tons. 
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Data for Estimating 

Estimates and suggestions will be 
furnished freely on application. Pros¬ 
pective buyers should submit the fol¬ 
lowing data, which is essential for 
the proper consideration of their 
problem by our engineers: 

Describe the purpose of the pro¬ 
posed installation, naming the mate¬ 
rial to be handled, its weight (or 
dimensions, if packages) in pounds 
per cubic foot, as loaded in the tram¬ 
way receptacles, and the quantity to 
be transi»rted hourly. 

Describe the ground over which 
the tramway will be built, giving dis¬ 
tance between loading and discharg¬ 
ing points, difference in elevation, 
and data covering rivers, railroads, 
highway or buildings to be crossed. 

Definite estimates can be pre¬ 
pared only upon receipt of an accu¬ 
rate profile along the center line 
showing elevations and horizontal 
distances. 

Preliminary estimates will be 
furnished upon receipt of general 
information outlined above. 


■■■■■■II 
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Lioer Carrier 



End View of 
Support. 


Discharge Terminal 
Side Elevation 



j DtecbarBe'RrmiMl 
Plan . 


Side View of 
Support 




Loading Terminal 
Side Devalion^ 


Self-Dumping Car. 



Loading Terminal 
Plan. 

Aerial Gravity Incline 
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BRODERICK & BASCOM ROPE CO. 


AERIAL TRAMWAYS. 


runaways 


For long distance haulage the B & B Friction 
Grip System is recommended. The capacity can be 
regulated to suit requirements. 

For shorter distances the B & B Two-Bucket 
System is ideal. Only one man is required for the 
operation of this system. 


The Grip is steel throughout, accurately ma¬ 
chined, with interchangeable parts. Wearing sur¬ 
faces heat treated and hardened, insuring long 
service. 

Every B & B Tramway is especially designed to 
suit the individual requirements of each proposi¬ 
tion. Satisfactory operation guaranteed. 

Catalog and complete estimates gladly fur¬ 
nished upon request. 


We are also the manufacturers of the celebrated 
“Yellow Strand” and all standard grades of wire 
rope. 

“Yellow Strand Powersteel” Wire Rope is abso¬ 
lutely trustworthy for heaviest hoisting, cable- 
ways, steam shovels and other mining uses. It is 
made of steel wire drawn exclusively for Yellow 
Strand. No wires are subjected to stricter tests 
before acceptance. No cable, we believe, could have 
greater tensile strength, except at the sacrifice of 
elasticity, toughness, and resistance to torsions. 

Write for complete Wire Rope Catalog and 
prices. 
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INTERSTATE EQUIPMENT CORP. 


AERIAL TRAMWAYS. 


INTERSTATE EQUIPMENT CORP. 

25 Church Street, NEW YORK 

AUTOMATIC AERIAL TRAMWAYS 

(Lawson System) 


The mine operator is frequently confronted with 
problems in the moving of materials, the solution 
of which determine the difference between success 
and failure of his project. 

By employment of a system of aerial hauling 
many a property otherwise valueless may be con¬ 
verted into a paying producer. 

The efficiency and economy of the automatic 
aerial, double-track system has been proven by a 
variefy of installations where it has been employed 
to meet otherwise impossible conditions. 

In the matter of capacity, distance of haul, and 
country to be traversed, it may be installed so as 
to meet the special requirements of any case. 


The only double-track system with four-wheeled 
cars running above cables instead of being under¬ 
slung. 

It is an air route for economic hauling. 

Low Initial Cost. Low Operating Cpst. Low 
Depreciation Charge. 

Loads and unloads automatically. Simple in 
design and construction. Operates continuously 
regardless of weather. 


Send for estimates which will be famished by 
our Engineering Department mi receipt of specifi¬ 
cations covering requirements. 


A FEW TYPICAL FEATURES OF THE AUTOMATIC SYSTEM 



Dischargee terminal and supporting 
tower for barytes mine. Hauls 
barytes to railroad and coal to mine. 



Hauling coal down steep grade, 
spanning river and mine settlement. 



Automatic discharge terminal. 
Coal delivered direct to railroad car. 




Hauling crushed stone for silica 
brick plant. Discharging into stor¬ 
age bin inside building. 


Inexpensive but substantial con¬ 
struction. All-steel cars strongly 
reinforced. 
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Illustrating method employed for 
automatic discharge of loads at any 
point between terminals accom- 
pli^ed by use of bottom dump cars. 
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American Spiral Pipe Works 
Continental Pipe Manufacturing Co. 
Hendy, Joshua, Iron Works 
Pacific Lumber Co., The 


FOR LIST OF EQUIPMENT USE D IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 





FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 
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SIMPLE METHODS OF MAKING 
DITCH SURVEYS' 

By JAMES W. PHILLIPS 


The first miners were gravel-miners. They put 
in ditches to carry the required water, though few, 
if any, knew how to figure the fiow of water. A 
crude method of measuring water flowing through 
orifices under a head was developed, and the 
amount of water was the area in square inches of 
the orifice, regardless of its shape. The gravel- 
miner wanted to get water to the place where it 
was needed, and the possibility of washing the 
ground away was the only thing that prevented 
him from running his ditches in a straight line if 
possible, instead of following a grade. In many 
instances tunnels were cut and straight flumes put 
across valleys. Following the first miners, and 
practically at the commencement of the hydraulic- 
mining era, there followed a generation of men, 
many of them surveyors and engineers, who used 
the following adaptation of the Eytelwein formula 
for open ditches: 

V = V (9000 rs -t- 0.012) — 0.11 
or the following adaptation of the Poncelot formula 

''“V 

and for pipes the following adaptations of the 
Hawksley and Poncelot formulas: 

/ dii 

V = 48 V - 

L-f 54d 

in which v = mean velocity in feet per second; 
a = area of cross-section of water, in feet; p = 
wetted perimeter in feet; r = hydraulic mean 
radius in feet = a p; s = sine of slope = h L; 
h = fall in feet in any length; L == total length in 
feet on the slope; d = diameter of pipe in feet. 

The foregoing formulas were printed in many 
handbooks given away by firms dealing in tools and 
machinery used by miners, and also in miners’ 
pocket-books. They seldom appeared, however, in 
the forms here given, but were painfully expressed 
in words like rules in arithmetic, with worked-out 
examples. They were used by a great many men 
who would have been scared by the sight of a form¬ 
ula. A tremendous amount of practical data has 
been stored in the heads and notebooks of the older 
miners, but the engineer of experience in this line 
of work is better equipped than the practical man 
without scientific education. 

As the mines grew larger, and the operations 
were conducted on a mammoth scale, the 'engineer 
was employed to run the ditch-lines and do all the 
work that called for education and skill in the 
handling of water. When the larger mines were 
finally shut down by the court, a large number of 
engineers had to seek other employment, and many 
of them engaged in irrigation, but found it hard 

•Abstract from Hydraulic Mining of Auriferous Gravels. 
Joum. West Soc. Engineers. Augu.st. 1910. 



to come down from grades of 10 ft. to the mile to 
that many inches sometimes. The classic experi¬ 
ments of Hamilton Smith on the flow of water in 
pipes were made for hydraulic miners, and the en¬ 
gineers employed from early in the ’70s to the time 
the work was stopped were men of whom the State 
might well be proud, and were a credit to their 
great profession. With the engineers employed by 
the larger companies, as with the engineers em¬ 
ployed today, the favored formula has been the 
Chezy; that is, 

V = C V rs 

with the factor C computed by the Kutter formula, 
or the following modification of it, which is close 
enough for practically all use; 

2 

42-1- — 

n 

C =- 

42n 
1-j-- 

using the following values of n: planed boards, n == 
0.010; common boards, n == 0.012;'rubble, n == 
0.017; earth, n = 0.026. 

In surveying for a line, flumes and abrupt turns 
should be avoided wherever possible. It is always 
well to hit a hill hard in going around a point, so 
there will be a good outer embankment. 'There 
will be a good roadway along all ditches, and 
on the lower side all obstructions, bushes, etc., 
should be removed in order that the lower bank, 
made by fill, will be solid. A number of hints might 
be given, but they are all summed up by saying 
that the ditch should be in as firm ground as pos¬ 
sible and constructed so it will not destroy itself. 

Many of the older generations of miners h&ve 
damaged the appearance of much of the country 
because of the steep grades on their ditches, and 
many abandoned ditches have become ravines. The 
modern engineer and ditch-builder pays some at¬ 
tention to the character of the maWial through 
which the ditch runs. Careful attention to the 
following table of safe velocities, given by Sir John 
Neville in his Hydraulic Tables, is recommended 
for mean velocities: 


0.42 feet per second in soft alluvial deposits. 
0.67 “ “ “ “ clayey soils. 

1.00 “ “ “ “ sandy and silty beds. 

2.00 “ “ " “ gravelly earth. 

3.00 “ “ “ “ strong gravelly shingle. 

4.00 » “ “ “ shingly soil. 

5.00 “ “ “ “ shingly and rocky soil. 

6.67 “ “ “ and over, in rock. 


A limit of about 15 ft. per sec. is set for first-class 
masonry and wood, the bottom velocity being about 
two-thirds to three-quarters the mean velocity. The 


SECTION xrv 


Digitized by 


Google 


BCIHING CATAIX)0 
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Dubuat formula for bottom velocity is as follows: 

V. = V 11 V rs 

b ^ 

in which Vj^= bottom velocity in feet per second; 
V = mean velocity in feet per second; r = mean 
hydraulic radius; s = sine of the slope. 

In the reconstruction of these old ditches to 
meet the requirements of hydraulic mining, I have 
always maintained that careful observance of the 
character of the material through which the ditch 
runs, and a careful stepping down of the grade at 
intervals of from one-eighth to one-fourth of a 
mile, would reduce the initial cost of construction 
as well as of maintenance. Throughout this sec¬ 
tion a grade of 6 to 12 ft. to the mile is as much as 
should be used. 

The pioneer miners were a resourceful body of 
men, and many difficult problems were solved by 
them in the construction of their tunnels, ditches, 
and other engineering works of magnitude. Miles 
of ditch-grades were run with only a buckskin 
thong with a rock tied to it for a plummet, attached 
to the apex of an A-frame made of three small 
spruce poles. I remember, when, as a lad of eight 
years of age, I drove grade-pegs upon a ditch- 
survey run by my father, assisted by my brother, 
through five miles of the roughest country in north¬ 
ern Cahfomia, with one of these “instruments of 
precision”, and how in veneration I stood u^n the 
brink of a deep canyon, the precipitous sides of 
which precluded a measurement with chain or tape, 
and witnessed the chief of party triangulate the 
distance across with accuracy and dispatch, and es¬ 
tablish the grade with this simple contrivance with 
as much case as the present day engineer would 


accomplish it with his transit and stadia, or with 
the gradienter attachment. 

The A-frame is made as follows : 

Construct with any light material an 
A-frame with the legs extending 2 ft. below 
the cross-bar, and having a span of from 10 to 12 
ft.; at the apex drive a nail and hang a plumb-bob 
from it with line sufficient to permit the plumb-bob 
to hang below the cross-bar. This instrument is 
adjusted over two pegs as follows: Drive two peg^ 
in the ground at a distance apart equal to the dis¬ 
tance spanned by the legs of the frame; place the 
frame upon the pegs and note the position of the 
plumb-line at the cross-bar; reverse the frame and 
note the second position of the plumb-line between 
the two positions already noted, and drive the high¬ 
est pe^ down until the plumb-line covers this mid¬ 
way mark on the cross-bar; the tops of the two 
pegs will then be at the hame elevation. Several 
methods are used for graduating the cross-bar to 
permit of grades being run, and one method is to 
rest the ends of both legs on the pegs after their 
tops have been brought to a level, '^en one man 
at one end will raise the leg he holds to certain 
heights measured on a rule he holds on the peg, 
while another man will mark the position the string 
occupies on the cross-bar and will mark it on the 
grade. Thus falls of 1/16, Vs, *4, etc., of an inch 
per station will 'be obtained, the stations being 
equal to the spread of the triangle, or base of the 
A-frame. It is not claimed that the A-frame orig¬ 
inated among the pioneer miners of California, but 
it was used by them to lay out some of the longest 
ditches and tunnels constructed in the early days 
of mining in that State. 


A STUDY OF RIFFLES FOR 
HYDRAULICKING* 


Riffles are artificial obstacles laid in a sluice for 
the purpose of lowering the speed of the materials 
carried in the sluice, classifying them while imped¬ 
ing their course as little as possible, and giving the 
precious metals or other valuable materials -a 
chance to deposit at the riffle before reaching the 
end. of the sluice. The heavier the metal or mate¬ 
rial to be saved, the easier is its recovery. The 
maximum recovery with the minimum loss will be 
reached when the interval, the shape, the depth, 
and the nature of the materials used for riffles is 
such that they are not liable to great changes due 
to wear, but will maintain their original saving- 
capacity. This consideration of maximum efficien¬ 
cy has been the object of this special study of rif¬ 
fles, involving their shapes and the different mate¬ 
rials of which they may be most economically con¬ 
structed. 

Considerations Governing Choice of Materials 

In a hydraulic mine, the choice of materials for 
riffles depends upon first cost, cost of transporta¬ 
tion, cost of maintenance, facility of supply, etc. 
It is general practice to use the most convenient 
and handy material without consideration of its 
real economy. This course is far from wise, espe¬ 
cially when low-grade gravels are being handled, 

•Pierre Bouery In Eng. & Min. Journ. 
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necessitating that the riffles always operate at their 
maximum saving-capacity in order to accommodate 
the large amount of material which the low gi^e of 
the deposit requires shall be treated. Conditions in 
such a low-grade deposit require that the riffles 
shall: (1) Oppose a minimum resistance to the 
movement of the material; (2) resist wear; (3) 
maintain their saving capacity at its highest point; 
(4) be sufficient in number to recover all the ^Id 
commercially recoverable. The necessity of a mini¬ 
mum resistance to transportation is due to the fact 
that the water must be made to perform the high¬ 
est possible duty. A high resistance to wear re¬ 
duces the work of replacing and maintaining the 
riffles and also preserves their saving capacity. 

It is an important question as to whether the 
riffles be placed longitudinally or across the sluice¬ 
way, both methods having their advantage, accord¬ 
ing to whether there is wanted a riffle with a short 
lifetime *or one with a long lifetime. 

Wooden Blocks Used 

In my first experiments, I used riffles of wooden 
pine blocks 13x13x13 in., or 16x16x13 in., set in 
rows across the sluice, each row being separated 
from its neighbor by a crosspiece of 2x3 in. mate¬ 
rial 6 ft. long. The arrangement of the block is 
shown in Fig. 2. These blocks were pressed tightly 
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together and nailed to the cross-pieces. They were 
held down along the edges by 3x4-in. by 12 ft. 
strips, while higher on the sides of the sluiceway, 
and resting on the strips, were 3x12x12 in. pine 
blocks, to protect the sides from wear. Riffles such 
as these were used in the first 40 boxes of the 
sluice, each box being 12 ft. long; the lower boxes 
were paved with boulders, set on a false bottom, as 
seen in Fig. 3, their object being to overcome the 
impact of the tailings. 

The life of the wooden blocks was from 45 days 
to three months, according to their place in the 
sluiceway, those in the higher boxes lasting longer 
than those below. The boulders lasted longer, but 
it was difficult to keep them in place. When it was 


necessary to replace worn material we had to clean 
up the bottom altogether so that the blocks might 
rest smoothly on the bottom board. This was not 
only an inconvenience but an extra expense. The 
difficulty became more acute when we attempted to 
increase the efficiency of our water. This was not 
easy to do; but by changing the system of piping 
we obtained an increase in efficiency of 40% or 
more. However, this increased duty decreased the 
life of the blocks about 60%, so that in every 17 
days of a full run, we had to clean up. This annoy¬ 
ance and expense, together with the fact that our 
supply of pine blocks was limited by the life of the 
neighboring forest led me to experiment with other 
materials. 
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Experiments Undertaken With Steel Rails 

I began with steel rails, and used my previous 
experience obtained by setting these crosswise in 
the sluice. I had my choice of 16-, 25-, 45-, and 55-lb. 
rails, but decided that the 16- and 25-lb. were too 
light, while in the 55-lb., the web and flange were 
too large in comparison with the head. Conse¬ 
quently I decided on the 45-lb., which I have since 
changed to a 40-lb. rail as being more economical. 

The determination of the proper spacing was 
important and was deduced from a series of experi¬ 
ments which considered the grade of the sluice and 
the thickness of the layer of running water on the 
riffle. The relation between the velocity of the 
water and the material carried can be e^^ressed in 
the form of a curve, but I omit formulas in this dis¬ 
cussion. I conducted some experiments in clear 
water by throwing in special small rocks, then turn¬ 
ing off the stream, finding the rocks and measuring 
the distance they had traveled. This was not an 
extremely valuable experiment, but it gave sugges¬ 
tions. A particle of material carried along by the 
water may fall between two riffles or it may strike 
one riffle and bound off. In either case the final 
result will be for the particle to come to rest be¬ 
tween two riffles and remain there until dislodged 
by a stronger force. The grade in the sluices was 
seven or eight inches to the box of 12 ft. and the 
depth of water varied from 12 to 18 in. A spacing 
of five inches between the center of the rails was de¬ 
cided upon as the best interval. For other grades 
and other depths different spacing intervals would 
probably be more advantageous, but I question 
whether it would pay to go below four inches or 
above six, as the first case would increase the ex¬ 
pense and the second might create obstacles be¬ 
tween the rails, which would interfere with dump¬ 
ing the tailings. 

Wooden Riffles Under the Rails 

Further investigation convinced me that the 
height of the rails alone could not give sufficient 
depth for saving the gold and, furthermore, that 
with the base of the rail directly on the bottom of 
the sluice, eddies were formed which might wear 
the bottom and create new troubles. Therefore, I 
covered the bottom boards with a series of wooden 
riffles as seen in Fig. 4, made of 2x6-in. pieces six 
feet long, with blocks nailed to them to provide 
spaces for gathering the gold, and on these the rail 
riffles were set, thus acting really only as a protec¬ 
tion to the wooden riffles below. I fitted out two 
boxes in this fashion and set them in place of boxes 
20 and 21, in order to have them removed from the 
blockades at the head of the sluice. Boxes 1 to 19 
inclusive had the original wood riffles and boxes 22 
to the end were paved with boulders. 

At the end of three months, when the blocks 
were worn out, boxes 19, 20 and 21 were cleaned 
separately and their contents kept apart. In ordi¬ 
nary circumstances, box 19 would have contained 
more gold than box 20, but, as a matter of fact, 
there was in box 20, 21/4 times as much gold as in 
box 19, and in box 21, a little less than twice as 
much as in box 19. These conclusive results in¬ 
duced the directors to allow me to install new riffles 
instead of the old type. 

While the results obtained with the rails were 
better than with the pine blocks and boulders, they 
were not altogether satisfactory. For one thing. 
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there was a great increase in the duty of the water 
and a consequent greater increase in the wear on 
the riffles. But the result of the year’s run on the 
new system showed that the gravel never packed 
hard , between the rails and also that gold, whether 
free or amalgamated, was never found between the 
rails. 

Cast-Iron Spacers in Different Combinations 

In the use of rails, it is necessary that they be 
kept independent and at the same time solid. To 
obtain this result, a special filling-block shown in 
Fig. 5 was designed and made of cast-iron. . The 
shape of this block, conforming to the shape of the 
rails, made a solid system in the sluiceway, and pre¬ 
vented the rails from upsetting. This last is an im¬ 
portant point, as, if for any reason the surface of 
the riffles becomes unequal in the sluiceway, obsta¬ 
cles are created and the discharge of material is 
impeded. The original disposition of the spacing 
blocks is shown in Fig. 6, three blocks being used 
for each 6-ft. length of rail. The wear is much 
greater in the center of a sluiceway than on the 
side, and as a result, after a few months’ run, the 
rails placed in this way become curved in one direc¬ 
tion or the other, as seen in Figs. 7 and 8. To cor¬ 
rect this, four blocks were used as shown in Fig. 9, 
with the result that bending was eliminated, but in 
the center of the sluiceway, in the channel formed 
by the two middle blocks, the attrition was severe, 
so that the rails wore and broke at this place while 
still good on the end. The final arrangement is that 
shown in Fig. 10, using seven spacing blocks for 
each pair of rails. In this manner it was found 
that when discarded, the rails were % worn out in¬ 
stead of % as formerly. During these experiments, 
the shapes of the blocks were also changed to ar¬ 
rive at the point of highest economy. 

Sides of Sluice Protected With Scnqi Rail 

The ends of the worn rails were utilized to pro¬ 
tect the sides of the sluice box from wear. Their 
arrangement for this purpose is that shown in Fig. 
11. The rail ends were bolted together in sets of 
four by long bolts at the ends, with special spacing 
blocks to keep the heads apart. They were held 
against the side of the box by nails bent over the 
flange of the top rail and by a 2x6-in. board, also set 
on the top flange. This arrangement did not so 
much increase the duty of the water as it decreased 
the expense due to replacing the wooden blocks for¬ 
merly used for this purpose. These side rails us¬ 
ually lasted from five to seven years and handled 
about 30,000,000 cu. yd. of gravel. 

High-Class Material Is Usually Cheiqier 

The cost of riffle material can be considered as 
made up of first cost at the manufacturing plant 
and transportation cost. Where transportation is 
high, it pays to use a high-class material. There 
is, however, a limit, at which a low cost-price plus 
the high cost of repeated transportations is ^ual 
to a high cost-price plus the low cost of a single 
transportation. How high a price for material is 
it worth while to pay in such circumstances ? Con¬ 
sider two sluices working under similar conditions, 
that is, for the same len^h of time, with the same 
quantity of water and handling the same amount of 
material. Suppose that in the first sluice the riffle 
material is renewed every year, while in the second 
sluice the material will last N years. Let the cost 
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at the manufacturing plant of the riffle material for 
the first sluice be A, and the transportation cost be 
B. In N years’ run the cost of riffles for the firs* 
sluice will beNXA-j-NxB. Let X equal the 
• cost at the manufacturing plant of the material for 
the second sluice; then in N years’ run the cost of 
the sacond sluice is X -|- B. Supposing these costs 
to be equal, then NXA + NXB = X + B;or 
X = N X A + (N — 1) B. \^en X is ^uid to 
the second term, there is no economy in buying ma¬ 
terial at that price, but if X is smaller, the economy 
increases approximately as N, the number of years, 
increases. 

In addition to the direct saving due to using 
high-class material, there is the saving in labor and 
interruption to operations, due to replacing worn 
riffles. The cost of these operations decreases as 
the frequency of replacements decreases. In order 
to find out what material was really the most eco¬ 
nomical, we considered experiments with titanium 
steel, chrome steel, cast steel, nickel steel and man¬ 
ganese steel. Nickel and chrome steels we could 
not obtain, but we experimented with the other 
steels and, as a result, selected manganese steel as 
being preferable to the others. 




Attempts to Utilize Scrap Rail 

In spite of using the ends of the rails for lining 
the sluice sides, we found that the scrap* pile was 
growing far too large. Consequently we tried set¬ 
ting the scrap rails with the flanges uppermost in 
the sluice. The rails, however, had become brittle; 
apparently a molecular change had taken place and 
crystallization resulted, so that they were quite un¬ 
available. Lacking means to anneal them, we built 
a primitive furnace, heated them to a cherry red 
and found we obtained a rail satisfactory, so far as 
brittleness was concerned, but subject to rapid wear 
on account of having lost its temper. The idea oc¬ 
curred to our foreman of bolting five rails together 
and putting them flange up in the sluiceway, but 
between each flange, putting two pieces of broken 
rail projecting above the flanges. This gave a sat¬ 
isfactory result and aided materially in reducing the 
scrap pile. 

Method of Using Short Rail Sections 

Figs. 12,13,14 and 15 illustrate other expedients 
used to use short sections. In these arrangements 
high-class •riffles are used in the middle sections. 
These methods proved satisfactory and Fig. 15, 
shows type now in use. Details of parts are shown 
in (S), (R) and (L). 


ROCKER FOR WASHING GRAVEL 

The following details represent a rocker which the fine specks of gold. This carpet, which extends 
in the hands of a fairly careful man will give very for a distance of three feet from the upper end, is 
clean results. It is a rocker that handles well and held in place by the crosspiece at the foot of the 
can be easily run. The only new feature about it apron frame and by two strips, one on either side 
is the baffle-break used at the upper end which of the rocker. These strips are held down by wedges 
throws any drippings from the upper holes in the driven under small cleats nailed to the sides of the 
hopper on the apron. A piece of brussels carpet rocker. Very thin canvas or flour sacking should 
13^ in. is laid on the floor of the rocker to catch be used for the apron so that it can bag slightly. 



-^- --- ^ 

Src/a PKf/4 ^o// 

Detailed Plan and Sections of a Rocker 

•W. H. Radford in Min. & Sci. Press. 
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Separating Platinum From Sand ' 


A great deal of mystery has surrounded the 
problem of recovering gold and platinum from so- 
called “black sand.” Many believe that the precious 
metals therein contained are not in a form which 
can be determined by ordinary methods and that 
vast riches await the man with the proper process 
for their recovery. The gold and platinum really 
occur in fine thin scales, which can be assayed 
readily, but which, by their nature, are somewhat 
difficult to concentrate. The process generally used 
is some form of sluice box, shaking or bumping 
table, classifier, or special device invented for the 
purpose. Chemical means have also been used, but 
such methods are in the minority and are generally 
practiced in conjunction with gravity concentration. 

As platinum does not readily amalgamate, the 
use of mercury is usually ineffectual in any separa¬ 
tion process. The general procedure is to save all 
the heavy black-sand concentrate accumulating 
from placer mining or dredging operations and at 
stated intervals treat it for its platinum content. 
It has been the practice for some hydraulic miners 
to discard the black Sand as valueless, but owing to 
the high prices of platinum prevailing during the 
last few years, attention has been directed from 
time to time to a recovery of the precious metal. 
Although the black sand usually contains most of 
the platinum, part of the metal may be recovered 
in the main operations with the amalgam. 

The familiar Western “Long Tom,” a trough¬ 
shaped gold-washing device, may be used to handle 
the black sand, the platinum being recovered by 
panning the long-tom concentrate several times. 
Logan, in “Platinum and Allied Metals in Califor¬ 
nia,” from which the following details of practice 
have been taken, describes the procedure at Oro- 
ville, where the Natomas Consolidated black-sand 
concentrate and amalgam is collected in a box and 
run through a long tom until it is reduced to one- 
half a small bucketful. The long tom used is 1 ft. 
wide and 12 ft. long, and rests on the gold tables 
so that it has a grade of one inch to a foot. The 
upper 4 ft. of the long tom is covered with small 
iron riffies in solid sections 1 ft. long, the cross 
riffles being an inch apart, sloping back. The bottom 
is lined with coco matting under expanded metal. 

From the long tom the concentrate is taken to 
the clean-up room. The bulk of the amalgam is 
separated easily and retorted. The black sand, con¬ 
taining platinum, a small amount of amals^m and 
rusty gold, is washed several times in a miniature 
long tom and the bulk reduced to about one pint, 
which contains the gold and platinum-group metal. 
The surplus quicksilver is drawn off and the concen¬ 
trate subjected to a boiling motion imparted by 
pouring it back and forth between two ordinary 
crockery bowls to remove nearly all the black sand. 
Concentrated nitric acid is applied to remove any 
base metal and to brighten the rusty gold so that it 
will amalgamate. The platinum can finally be 
cleaned by magnet and blower. 

The platinum in the Oroville district is uniformly 
fine as fiakes or grains. Logan states that the best 
results are probably not obtained where panning 
and the long toms are used. Dredging superin¬ 
tendents generally are satisfied with any results 
which approximate the usual yield of platinum, 
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reasoning that the platinum is in such small quan¬ 
tity at best that more careful work is not justified. 

Yuba Consolidated Goldfields employs a different 
method 'of recovery. Each dredge supplies about 
three tons of concentrate per week, and a total of 
sixty to seventy tons of this product is treated 
monthly. The sand handled is the black sand from 
the long toms, one of which is used on each dredge 
to recover as much gold and platinum as can be got 
in a rich concentrate of small bulk. The sand is 
ground in batches for two hours in a steel ball mill 
with a weak cyanide solution to brighten the rusty 
gold. The slime is then discharged into a well, 
from which it is pumi^d into a small settling tank 
and subjected to cyanide treatment in a miniature 
plant housed in the same building. Leading from 
the ball mill is a string of sluices 40 ft. long and 1 ft. 
wide, with a grade of one inch to the foot, which 
contain a mercury trap, 2 ft. of silverized amalga¬ 
mating plate, 3 ft. of iron cross riffles such as are 
used in long toms, 5 ft. of coco matting, and 8 ft. 
of wooden riffles loaded with mercury, the remain¬ 
der of the sluice being covered with coco matting 
under expanded metal. After the slime has been 
drawn off, the mill is allowed to run open and the 
sand discharges into the sluice. About $40 per ton 
in gold and platinum is recovered. The gold ex¬ 
traction is nearly perfect. 

The Marysville Dredging Co., after recovering 
the hard amalgam in a long tom, sacks the black 
sand and transfers it to a clean-up room, where it 
is run through a long tom 12 ft. long fitted with 
iron riffles. The sand is then rocked in a common 
rocker. A 3-ft. arrastra is next used to ^nd the 
sand in small portions. A little sulphuric acid is 
used to brighten the rusty gold, most of which is 
caught in the arrastra. The sand is finally washed 
through a Colorado amalgamator and the rocker 
and arrastra concentrate panned several times. 

In the Natoma district, according to Logan, “It 
is stated that the Neill jigs do not save any plati¬ 
num, although successful in gold saving.” Seim 
pan-motion bateas are used for the final recovery. 
Small Hardinge mills grind the sand, and the sand 
passes from the mills onto an amalgamated plate 
2 ft. wide and 10 ft. long and thence to the Senn 
machine operated at 160 r.p.m. The concentrate 
yielded is 10 to 30 per cent black sand, the gold is 
practically all amalgamated on the batea, and the 
platinum caught in the bowl at the center. In finally 
separating the platinum the batea concentrate is 
screened, as it has been found to be much easier to 
get the platinum from sand of its own screen size 
than from sand of all sizes. Some sand stops on a 
40-mesh screen; some of the platinum and sand 
grains are fine enough to pass 100 mesh. The ma¬ 
terial entering the Hardinge mill carries about $75 
per ton in metals, and the tailing from the batea 
assays about $1 gold and $1 platinum. 

Other methods also are practiced. A submerged 
table as the chief concentrating unit in the Huels- 
donk Submerged Table Concentrator is used suc¬ 
cessfully at the La Grange mine. It is a compact 
unit that can be adapted to small operations. 

We do not know of any operation employing dry con¬ 
centration, oil fiotation, or the Wilfley table as such. 

•Engineering and Mining Journal, February 11, 1922. 
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HYDRAULIC MINING AND DREDGING 

DATA 


DUTY or MZVXBni ZVCK, DX8TBZCT 


Location 

Height 
of Bank. 
Feet 

Character of Material 

Grade in. 
Per 

12 Ft. 

Miner’s 
in. of 
Water 

Du^ 
Cu. Yd. 
Per 

Miner's 

in. 

Sluices 

Riffles 

Width, 

in. 

Depth, 

in. 

Juneau: 









Windfall Cr. 

16 



1000 

2.0 




Gold Creek. 

200 

Heavy stones 

4.5 

4000 

2.0 

72 

60 

Block 

surer Box Basin.... 

80 

Heavy stones 

4 

2600 

2.0 

60 

66 

Block 

Atlin: 









McKee Cr. 

40 

Heavy stones 

8 

700 

1.5 

82 

82 

Angle iron & block 

McKee Cr. 

85 

Heavy stones 

8 

1200 

8.0 

82 

40 

Angle iron & block 

Birch Cr. 

25 

Heavy stones 

5.25 

1200 

0.5 

80 

30 

Block 

Spruce Cr. 

28 

Heavy stones 

5 

1200 

1.0 

40 

86 

Block 

Spruce Cr. 

20 

Hea\’y stones 

5.5 

900 

0.5 

48 

32 

Block 

Pine Cr. 

20 

Heavy stones 

8 

700 

0.6 

36 

86 

Rail 

Pine Cr. 

60 

Heavy stones 

5 

3600 

0.626 

60 

40 

Block 

Dawson: 









Bonanxa Cr. 

20 

Small round gravel, frozen 

12 

260 

6.0 

24 

20 

Block 

Bonanxa Cr. 

25 

Small gravel, frozen 

12 

126 

4.0 

20 

16 

Sawed pole 

Bonanza Cr. 

25 

Small round gravel, frozen 

11 

160 

10.0 

24 

24 

Block 

Bonanza Cr. 

85 

Small round gravel, frozen 

12 

200 

6.6 

24 

24 

Block 

Bonanza Cr. 

75 

Small round gravel, frozen 

12 

266 

8.0 

24 

80 

Block 

Eldorado Cr. 

60 

Small round gravel, frozen 

11 

160 

7.0 

24 

24 

Block A Hungarian 

Last Chance. 

46 

Small round gravel, frozen 

12 

280 

7.0 

24 

18 

Pole & Block 

Last Chance. 

25 

Small round gravel, frozen 

14 

120 

6.0 

20 

20 

Pole, ironshod 

Hunker Cr. 

15 

Small round gravel, frozen 

18 

160 

2.0 

14 

14 

Pole & Block 

Hunker Cr. 

8 

Small round gravel, frozen 

12 

126 

2.6 

17 I 

14 

Pole, iron-shod 

Nome: 




1 

1 




Anril Cr. 

SO 

Heavy, partly frozen 

4.5 

600 

1.4 

38 

18 

Angle iron 

Anvil Cr. 


Frozen earth 

4.6 

400 

10.0 

• • 1 


Angle iron 

Anvil Cr. 



9 

100 


16 

ii 

Angle iron 

Glacier Cr. 


Flat, seml-frozen gravel 

6 

760 

1.82 

36 

24 

Angle-iron grates 

Dexter Cr. 


Heavy gravel 

6.6 

100 

2.0 

16 

16 

Angle-iron grates 

Newton Cr. 

A 

Coastal plane gravel 

7 

160 

8.88 

24 

24 

Pole & angle iron 

Basin Cr.... 


Heavy gravel 

8 

250 

0.6 

18 

18 

Pole, iron-shod 

Council: 









Ophlr Cr. 


Heavy gravel 

10 

200 

1.6 

24 

16 

Rail & Angle 

Ophir Cr.. 


Slabs and Clay 

10 

760 

1.0 

24 

16 

Rail & Angle 

Solomon River..'. 

■I 

Subangular gravel 

10 

600 

0.8 

87 

24 

Angle grates 
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It«m. 

Steam dredges. 

Electric dredges 

Maggie Gibson. | 

Conrey No. 1. 

Conrey No. 2. 

Conrey No. 1. 

Conrey No. 2. 

Conrey No. 3. 

Jonrey No. 4. 

Power used. 





Electricity. 

Electricity. 

Electricity. 


1806. 

1899. 

1901. 

1908. 

1908. 

1906..'. 

1911. 

Type. 

Double-lift sluice.. 

Single-lift sluice... 

Single-lift sluice... 

Single-lift table 

Slngle-Uft table 

Single-lift table 

Single • lift table 





stacker. 

stacker. 

stacker. 

stacker. 






Spud. 

Lines. 

Spud. 


27'000. 

41,360 

52.520. 


62,709. 

82,415. 

300,000. 

cubic yards. 

Hull dlmeDsions: 













5 feet 6 Inches. 

6 feet. 

9 feet. 


lid feet . 

ioo feet. 

110 feet. 

96 feet. 

102 feet. 

130 feet. 

150 feet. 

WiTth. 

35 feet.i 

44 feet. 


44 feet. 

44 feet. 

48 feet. 

58 feet. 




7 feet 6 inches. 

9 feel. 

9 feet. 

7 feet 11 inches.... 

13 feet. 

Footooa dimensions: 









30 feet .1 


40 feet. 

] 1 


f 50 feel. 

I 

width 


35 feet. _ 

29 feet. 




>Xone. 


4 feet.1 


3 feet 10 Inches.... I 



[3 feet 11 Inches.... 

1 

Stacker dimensions: 

1 







Length. 

1 







Width of belt.i 





31 inches. 

>None. 

[l feet. 

Motor drive. 

Tailing height.' 

j 1 


1 

[UpperondSOfeet.. 

U pper end 30 feel.. 

1 

[Upper end 55 U... 

Dimensions of steel spuds: 1 





1 



T^n^h fM>t 




18. 

5l. 


«0. 

Width 'fMt 




3. 

3. 

1 

41- 


1 

VnnA 

V rvn* 

2. 

2. 

>Xone. 

3. 

8 iVCIr •••••••«••••••••• 

prkiindc ' 

. 1 



26,500. 

29,000. 


88,000. 

'NTtirnttar 




1. 


!j 

l2. 

Dimensions of wooden spuds: | 

1 


1 





T Ano^h fAAt ' 

30 

j 


f48. 

51. 

1 


Width. W.1 

li. 

>N’one. 

None. 

3. 

3. 

>Xone. 

None. 

Thickness, feet.1 

Number ' 

4. 

2 

1 


* . 

1. 

? . 

1 


Horsepower: I 


60 . 

73. 

100. 

100. 

150. 

55a 

DliC&Ofc vUmil* «••••••••••••••••• 

fpr^mwiAl 1 

! s ’. 

6 . 

8. 

30. 

30. 

10. 

loa 


40 

79 . 

147. 

160. 

160. 

175. 

285. 


in 

l'> 

4 . 

20. 

20. 

115. 

25a 


lU.. 

10 

16 . . 

70. 

70. 

10. 

5a 

MJaoellaneous... 

Total horsepower. 

ioo . 

176. 

248. 

380. 

380. 

460. 

1.235. 


a Originally spud; changed to lines. 


MINING CATALOG 


SECTION XIV 


Digitized by 


Google 









































































































































































































DREDGING DATA. 


Electric dredges. 


Maggie Gibson. 


Conrey No. 2. 


Ladder data: 

Length, feet. 

Typ>e. 

Depth ol digging below ^'ator, 
feet. 

Dimensions of tumblers: 

Upper tumbler— 

Distance above deck. 

Weight, pounds. 

Number of sides. 

Shaft diameter, inches. 

Lower tumbler— 

Weight, pounds. 

Number of sides. 

Shaft diameter, inches. 

Bucket-chain data: 

Typo. 


95. 

Lattice girder 
40. 


82. 

Queen truss. 
35. 


lOOJo. 

Lattice girder. 
45. 


Lattice girder, 


Lattice girder. 


Queen truss. 


35 feet 6 inches. 
10,00040 25,300. 


29 feet 3 inches. 
8,970. 


25 feet 9 inches. 
8,970. 


24 feet 6 inches 

2,000. 


29 feet 3 inches 
4,050. 


12 feet 7 Inches 

2,000. 


18,000 to 19,800. 

6 to round. 

15|. 

Close connected. 


5,800. 

6 to round. 

131 . 

Open link, later 
changed to close 
connected. 

Goar. 

297,000. 

13 open, 91 closed. 
43 open, 80 closed. 

2.900. 

32i. 

15. 

2-web. 


5,800. 

0 to round 
131....:... 


5.800. 

6 to round 
131. 


Close connected 


Close connected 


Sprocket 

125,000.. 

10 . 

41. 

1,850.... 

31A. 

Stoll.., 
3-web... 
Steel_ 


Sprocket 

40,000... 


Sprocket... 

104,000. 

5 to 71. 

41. 

750 to 1,500. 
20 to 29i... 

Stoll. 

2-web. 

Steel. 


Drive. 

Weight, pounds. 

Capacity of buckets, cubic feet.. 

Number in chain. 

Weight, pounds..... 

Pitch, inches. 

Buckets dumped per minute .. 

Hood and base, number of pieces 
Llnks- 

Welght, pounds. 

Pitch, inches. 

Number iu chain. 

Material. 

Type. 

Pins— 

Diameter, inches. 

Weight, pounds. 

Material... 

_ . 


to 415,300. 


4.408 to 5,191. 
40. 

18 to 22. 
2-web. 


2.594. 

32J... 

16.... 

3-wel) 


2-web 

Steel. 


900.. . 
31A.. 

40.. .. 
Steel. 
3-web 


770.. . 
•29J... 

40.. .. 
Steel. 
2-web 


None, 


7 to 8. 

520 to 495 

Single lug. 

Full circle. 
Manganese. 


3to4i- 

50 to 130... 

Steel. 

Lock pin... 

Full circle. 
Manganese 


155. 

Steel.. 

Lock pin... 

Full circle, 
Manganese 


Steel. 

Single lug.. 

Full circle,, 
Manganese 


Steel. 

Double lug. 

Half circle. 
Manganese. 


Single lug.. 

Full circle. 
Manganese 


Trcmthel data: 

Length. 

Diameter, inches 


48 feet 6 inches. 
98. 

Straight cyllndtf* 

(Q. 


18 feet. 

61. 

Straight cylinder. 
Bell.. 


35 feet. 

51 to 72. 

Stepped cylinder. 
Belt. 


35 feet. 

51 to 72. 

Stepped cylinder. 
Belt. 


15 feet 2 inches— 

48. 

Straight cylinder.. 
SprocHcet and bevel 
gear. 


16 feet. 

46. 

Straight cylinder. 
Sprocket. 


14 feet. 

48. 

Straight cylinder. 
Sprocket. 


Plates— 

Thickness, Inches. 

Material. 

Perforations. 

Dimensions of tables: 

Grade, jw cent. 

Number. 

Width, Inches. 

Le^h. feet. 

Riflfes (angles). Inches. 

Perforated plates. 

Pump data: 


(fc). 

by 6 inches 


Steel. 

4 by 4 inches 


Steel. 

4 by 4 Inches 


Steel. 

4 by 4 inches 


12 . 

U. 

i-inch hole 


3-inch water. 

Two 10-inch water. 

12-lnch water. 

14-inch water. 

M orris-W orthing- 
ton. 

12,500. 

11 feet 10 inches... 
8 feet 6 inches. 


[3-inch water. 

15- inch water. 

1 12-inch water 

16- inch sand.. 

Morris. 


3-inch water. 
8-inch water. 
12-iach wattf 
6-inch sand.. 
Morris. 


4-lDch water. 
14-inch water. 
IG-inch water. 
Worthington. 


10-inch water. 
14-inch water. 


f4-Inch water.. 
Ll2-incb gravel 

Morris. 


10-inch water. 

Two 14-li.ch water. 


Size and Idnd. 


Morris. 


McKay 


Gallons per minute. 

Math winch data: 

Length. 

W'ldth. 

Diameter of drums, Inches 

Number of drums. 

Tail sluices: 

Grade, percent. 

Niunber. 

Length, feet. 

Width, inches. 

Ridles (angles), inches_ 

Undercurrents; 

Grade, per cent. 

Numl>er.... 

Length, feet. 

Width, inches. 

RimiN— 

Material. 

Sire, inches. 

Perforated plates; 

Width of slots, inches. 


29 feet 10 inches. 
7 feet 5 inches. 
24. 


20 feet 1 inch... 
4 feet 11 inches 
16. 


20 feet 1 inch.. 
4 feet 11 inches 

16. 


[None. 


Wood. 
Iby li 


Angles. 


Wood.. 
1 by IJ. 


c Bteel buckets In two pieces; man ganese in one. 


« Gear; later changed to belt. 
f -Holes instead olslots. 


Well save-all: 

Grade, percent. 

Number. 

length. fe<?t. 

Width. Inchi^-. 

Upper flume: 

Grade, percent. 

Riffles— 

Material. 

Size incites. 

Length. 

WMih r dies. 

Lower flume; 

Grade. t)cr f en:. 

Riffles- 

M .terlal . 

Size, lnrl»es. . 

I..enL’tli, fet*l. 

Width, inches. 

Total golU-sa\ ing area u^uare feet 


I Angles. 

|2bv2J. 

28 feet 10 Inches. 


None. 


Nona. 
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DREDGING DATA. 



Sections of No. 4 Conrey Dredge, U. S. Bureau of Mines Bulletin No. 121. 


TABl^B 


For Dot#rmlnin|r tlio Yalno of Froo Gold For Ton (2000 lbs.) 
of Quarts or Oublo Yard of Gravol 


Weight 

Fineness, 

Fineness. 

Fineness, 

Fineness. 

Washed Gold 

780 

830 

876 

920 

4-Lb. 

Value 

Value 

Value 

Value 

Sample 

Per Oz. 

Per Oz. 

Per Oz. 

Per Oz. 

Grains 

$16.12 

$17.15 

$18.08 

$19.01 

5 grains 

$83.97 

$89.36 

$94.20 

$99.05 

4 grains 

67.18 

71.49 

75.36 

79.24 

3 grains 

50.38 

53.61 

56.52 

59.48 

2 grains 

33.59 

35.74 

37.68 

39.62 

1 grain 

16.79 

17.87 

18.84 

19.81 

.9 grains 

15.11 

16.08 

16.95 

17.82 

.8 grains 

13.43 

14.29 

15.07 . 

15.84 

.7 grains 

11.75 

12.51 

13.19 

13.86 

.6 grains 

10.07 

10.73 

11.30 

11.88 

.5 grains 

8.40 

8.93 

9.42 

9.90 

.4 grains 

6.71 

7.14 

5.53 

7.92 

.3 grains 

5.03 

5.36 

5.65 

5.94 

.2 grains 

3,36 

3.57 

3.76 

3.96 

.1 grain 

1.6S 

1.78 

1.88 

1.98 


BXFBAVATZOH OF GOU> TABBB 

The table furnishes an exceedingly simple method of deter¬ 
mining the value of froo gold in a ton of gold-bearing quartz, or 
a cubic yard of auriferous gravel. 

Take a sample of four (4) pounds of quartz, pulverize it to 
the usual flnene.ss for horning; wash it carefully by batea, pan, 
or other means; amalgamate the gold by the application of 
quicksilver; volatilize the quicksilver by blowpipe or otherwise; 
weigh the resulting button, and the value given in the table 
opposite such weight will be the value in free gold per ton of 
2000 pounds of quartz. 

Bzampls. —Sample of four pounds produces button weighing 
one grain, the fineness of the gold being 830; then the value of 
one ton of such quartz will be $17.87. 

If the sample of four pounds should produce a button weigh¬ 
ing, say four-tenths of a grain (.4), then the value of such 
quartz would be (830 fine) $7.14 per ton. 


GOB2> VAZiirB OF A COBZC TABD OF OBAVBB 

To determine the gold value of a cubic yard of auriferous 
gravel, the same table can be used. 

Take a sample of sixty (60) pounds of gravel, pulverize it, 
and carefully wash it by batea. pan, or otherwise; amalgamate 
the gold, volatilize the quicksilver; weigh the button, and in 
column in table, opposite the weight, will be found the gold 
value of the cubic yard of gravel. 

Bzample. —Sample of sixty pounds produces button weighing 
one grain, the fineness of the gold being 780; then the value of 
one cubic yard of such gravel would be $1.68. This is arrived 
at by pointing off one point, or dividing the value given in table 
by 10. 

If the sample of sixty pounds yields a button weighing five- 
tenths (.5) of a grain, then the value of the gravel would be— 
gold being 780 fine—$0.84 per cubic yard. 


WATEB XBASUBEMBBT—TSB XZZTBm’F ZVCK 

In California the miner’s inch is the flow of about 8.796 gal¬ 
lons of water per minute. Fifty miner’s inches are equivalent 
to one cubic foot per second. The most common measurement 
is under a mean pressure of four inches, through an aperture 
2 inches high and 2 inches above the bottom of the box, the 
plank being 1^ inches thick, and the height of water above the 
aperture 3 inches, giving a mean pressure of 4 inches. Elach 
square inch of the aperture represents one miner’s inch, or 
about 1.2 cubic feet flow per minute. 


CABBYZNG POWEB OP WATBB 


Veloc., Ft. per Min. 


15 

Begins to wear away fine clay. 

30 

Just lifts fine sand. 

40 

Carries sand as coarse as linseed. 

60 

Moves fine gravel. 

120 

Moves pebbles 1 in. diam. 

180 

Moves pebbles of egg size. 


Min. & Sci. Press. 
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HVaste used for irrigation. 

*VoIute; high pressure; low pressure; two step. 
*Hopper pump. 

jQhn TysBQWskl. Eng. and Min. Journal. 











































AMERICAN SPIRAL PIPE WORKS. _ RIVETED STEEL PIPE. ^25 

AMERICAN SPIRAL PIPE WORkS 

Main Office and Works 

CHICAGO. ILL. P. O. BOX 485 

New York Office—50 Church Street 


Products 

Spiral Riveted Pipe. 

Lap-Welded Steel Pipe. 

Heavy Lap Welded Steel Tanks. 

Hydraulic Supplies. 

Taylor’s Spiral Riveted Steel Pipe 

(Sizes 3" to 42") suited for water supply lines. 
Lengths up to 40 ft. Galvanized or asphalt coated. 
The helical seam makes it 30 to 50% stronger than 
other pipe of the same thickness. Its enormous 
’bursting stren^h, combined with lightness of . 
weight, makes it especially advantageous for min¬ 
ing work. Forged steel connections used through¬ 
out. 


1 



HOMESTAKE MINING COMPANY 


Lap-Welded Steel Pipe (Forge Welded) 

(Sizes 12" to 96" dia., to thickness.) 
Specially suited for Hydro-Electric installations, 
dredging work, vacuum and suction lines. Made 
of best quality Open Hearth Steel by our forge 
welding process, resulting in a uniform weld of 
approximately 96% of the original plate, free from 
sweat leaks under the highest pressures. 



Ijap-Welded Pipe Line at Britannia Mining Co., Britannia 
Beach, .Canada, Under 470 Lbs. Pressure 


After four years of service they write: 

“Our experience with your lap welded pipe is 
satisfactory to date. 


Lead, South Dakota, December 15th, 1921. 
American Spiral Pipe Works. 

Gentlemen:— 


Answering your letter of the 6th inst. we beg to advise 
that the 12'*, 14'', 16", 26" and 28" Spiral Riveted Pipe, pur¬ 
chased from you during the years 1906 and 1906, has been in 
continuous service since purchased and proven very satis¬ 
factory. 

Truly yours. 


R. G. WAYLAND, 
Ass't. Superintendent. 


Among the Large Users of Our Piping Are: 

Old Dominion Copper Mining and Smelting Co., Globe, Aria. 
Homestake Mining Co., Lead, S. D. 

Calumet and Hecla Mining Co., Calumet, Mich. 

Chino Copper Co., Hurley, N. M. 

Yukon Gold Co., Yukon Ter. 

Braden Copper Co., Chile, S. A. j 

Incaoro Mines, Lapaz, Bolivia, S. A. 


CATALOGUES COVERING OUR PRODUCTS FURNISHED UPON REQUEST 
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526 _ CONTINENTAL PIPE MANUFACTURING CO. 

Continental; Pipe Manufacturing Company 

General Executive Offices: SEATTLE, WASH., U. S. A. 


SuooMSors to 

Pacific Coast Pipe Co. 

Washingrton Pipe & Foundry Co. 
National Tank & Pipe Co. (Pipe Dept) 
Portland Wood Pipe Co. 

OperattniT la 

Seattle, Washington, and Portland. 
Oregon. 


The World’s LARGEST Manufacturer of 

WOOD PIPE 

AMPLE CAPITAL AND CAPACITY TO HANDLE ANT CONTRACT ANYWHERE 
OUR ENGINEERING DEPARTMENT IS AT TOUR SERVICE 



Products 

Continental Continuous Wood Stave Pipe. 
Continental Wire Wound Wood Pipe. 
Continental CREO-WOOD Pipe. 

Continental CREO-WOOD Semi-circular Flume.. 
Continental Wood Tanks. 

Continental Steam Pipe Casing: and Conduit. 


Materials Used in Manufacture of Continental 
Wood Stave Pipe and Flume 

Only selected Douglas Fir is used. This lumber 
is straight and clear—^free from knots and imper¬ 
fections. Trees from which it is sawed attain im¬ 
mense diameters—several men ofttimes must join 
hands to encompass a single tree. 

As much attention has been given to bands and 
wire as the wood. Bands are made from especially 
specified mild rolled steel of very high tensile 
strength. Shoes are the special design of this 
company. 

Wire is specially made—an extra heavy steel 
wire for pipe purposes—^heavily galvanized. The 
large diameter of the wire and its heavy galvanizing 
offers maximum protection against rust and acidu¬ 
lous mine waters. 

CREO-WOOD pipe and CREO-WOOD flume are 
products developed and manufactured only by this 
company. The creosoting process of the staves was 
specially developed by us, and is a result of a long 
series of experiments. 


Continental Continuous Stave Wood Pipe 

CONTINENTAL Continuous Stave Wood Pipe is 
made in any size, usually from 16 inches up to 20 
feet in diameter. Staves are milled to the proper 

shape, banded with sep¬ 
arate bands, spaced ac¬ 
cording to the pressure 
to which the pipe will be 
subjected. Bands have 
cast malleable iron con¬ 
nections or shoes and are 
threaded, so that the 
staves may be drawn 
tightly together. Mate¬ 
rial will be furnished and pipe constructed in place. 
Used in the mining world for hydro-electric devel¬ 
opment and water conveyance. Designed and 
built for heads of 400 feet in the smaller sizes and 
from 160 to 200 feet in the larger sizes. 



Continental Continuous Stave 
Wood Pipe 


Continental Continuous Stave Creo-Wood Flume 
CONTINENTAL Semi - Circular Continuous 
Stave Creo-Wood Flume is a comparatively recent 
development, conceived and built solely by this Com¬ 
pany. Staves and other primary parts are treated 
by the special pressure creosoting process developed 
by this Company. The success of this type of 
flume—the pronounced superiority of it over any 
other type has already won for it the unqualified 
endorsement of leading hydraulic engineers. Has 
greater capacity than any other type of flume— 

built on the continuous 
stave pipe principle — a 
sound guarantee of per¬ 
manency. Used in the 
mining world for hydro¬ 
electric developments and 
water conveyance. Built 
in sizes from 18 inches to 
30 feet inside diameter. 



Continental Continuous Stave 
Creo-Wood Plume 


Continental Wire Wound Wood Pipe 

CONTINENTAL Wire Wound Wood Pipe is made in 
sizes of from 2 inches to 32 inches inside diameter—in con¬ 
venient lengths, usually from 8 to 20 feet, and for heads as 
high as 450 feet. This pipe is banded with heavily galvan¬ 
ized round steel wire of high tensile strength, wound spirally 
around the pipe under machine-developed tension to draw 
the staves firmly together. The banding is spaced according 
to the head under which the pipe is to be used. This pipe is 



Continental Wire Wound Wood Pipe 
manufactured and shipped ready to lay, and is put together 
in place with couplings made in the same manner as the 
pipe. The couplings for the pipe, up to 12 inches in diameter, 
are banded similarly to the pipe. For the larger sizes, the 
couplings are banded with separate steel bands, the same 
as the continuous stave wood pipe. The untreated pipe and 
couplings are coated on the outside with a thick asphaltum 
coating. All collar couplings are given our standard (3REO- 
WOOD pressure and vacuum creosoting treatment. Used in 
the mining world for smaller hydroelectric development and 
water supply and conveyance; also widely used for mine 
drainage. 

Fittingns 

This Company manufactures and can furnish all kinds 
of cast iron fittings for wood pipe. These may be shipped 
with the pipe—the tariff allowing 10 per cent of the mini¬ 
mum car weight to be shipped with the pipe at the same 
freight as the pipe. 
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THE PACIFIC LUMBER COMPANY. 


LUMBER FOR WOOD PIPE. 


THE PACIFIC LUMBER COMPANY 

Main Office 

311 California St., SAN FRANCISCO, CAL. 

MiUs at Branch Office 

Scotia, Humboldt County, California Central Bldg., 6th & Main Sts., Los Angeles, Cal. 

THE PACIFIC LUMBER COMPANY OF ILLINOIS 

Mid-Western and Eastern Distributors 

Main Office, 2098 McCormidc Bldg., Chicago, HI. 

Branch Office, 40 Rector St. Bldg., New York City, N. Y. 

EXPORT COMPANY—A. F. THANE & CO. 

San Francisco, Cal.—311 California St. New York City, N. Y.—40 Rector St. Bldg. 

Manufacturers of Redwood Lumber for Pipe 


Product 

Redwood Lumber—a non-resinous, soft wood, 
permeated during growth with an odorless natural 
preservative, protecting it from rot, decay and fire, 
and making it highly valuable for making wood 
pipe for conveying water, chemicals or sewage. 
Redwood’s extensive use as a pipe material has 
proved it to be the superior product for use in 
mining, irrigation and chemical projects. 

Uses For Redwood Pipe 

In mines, where drainage water is not only hot, but also 
carries mineral and chemical solutions, which are detrimental 
to other kinds of wood, or to metal. 

Conveying water for mining water supply. 

Conveying water for fire protection systems. 

Irrigation and conveying water on farms. 

Conveying mineral and acid water in chemical plants. 

Supply lines for municipal water distribution. 

Machine Banded Redwood Pipe 

This pipe is made in completed sections, and is shipped, 
rea^ to be laid. 

The pipe sections are of standard lengths, from 6 feet to 
24 feet. Diameters are from 2 inches to 32 inches. 



Macnlne Banded Redwood Pipe 


The staves are made of carefully selected, well seasoned 
Redwood, and milled to the circular outline of the pipe, both 
inside and outside. They are then assembled and wound 
with heavy galvanized pipe winding wire under heavy ten¬ 
sion, the sizes varying according to the pressure. 

In laying Redwood machine-banded pipe the sections are 
simply driven together with a maul or ram. 

Machine banded pipe can be made with a guarantee to 
withstand a static pressure of 800 feet. There are lines in 
Nevada carrying 500 feet head, which is 216 pounds to the 
square inch. 

Continuous Stave Pipe 

This is a “built-up” type, the staves being shipped to the 
operation, and there assembled and bound round with metal 
hoops. 


Continuous stave pipe lines may be from 10 inches up 
to the largest size in diameter,—sometimes up to 16 feet in 
diameter. 



Continuous Stave Pipe 

Staves are made from clear heartwood, of straight grain 
stock. They come in standard sets, 6 to 9 feet and 10 to 20 
feet lengths. Both ends of each stave are “grooved” or 
“splined” to admit a metal spline. The staves are arranged 
in “staggard” form, and provide a continuous pipe line, best 
adapted for long lines, carrying large volumes of water. 

Redwood continuous stave pipe lines can handle, in large 
pipe, a pressure head of about 360 feet. In smaller diam¬ 
eters, pipe can be installed with sufficient strength to carry a 
pressure head of 400 feet. 

Comparative Advantages of Redwood Pipe 

Costs less for material, transportation and installation. 

No expansion joints required, as Redwood will not ex¬ 
pand nor contract with heat or cold. 

Will survive many replacements of metal bands or wire 
hoops, even though they are heavily galvanized or asphaltic 
coated. 

No “temperature cracks” as in cement or concrete pipe. 

Will not freeze under a temperature that will burst metal 
pipe. If water freezes the flexibility of Redwood will pre¬ 
vent bursting. 

No accumulation of blisters or foreign substances to im¬ 
pede flow of water. 

Lasts longer than any other pipe except iron. 

Not attacked by worms or insect life,—not even by the 
notorious white ant of tropical countries. 

Unusual resistance to acids and alkalis in water or earth. 

Water will remain cool, even when pipe is exposed to 
sun’s rays on account of the non-conductivity of wood. 

No discoloration of water contents. 

No “tainted taste” to water contents. 

Utility and Life of Redwood Pipe 

Many Redwood stave pipe lines have been in use for 
from 20 to 35 years,—original installations made as far back 
as 1886 show no appreciable signs of decay. They are now 
in practically as good condition as when installed nearly 36 
years ago. 

NOTE—See Page 716 for information on production fa¬ 
cilities, stocks, shipments and sales offices, etc. 
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528 HYPRAUUC MACHINERY. 


JOSHUA HENDY IRON WORKS. 


JOSHUA HENDY IRON WORKS 


ESTABLISHED 1856 

63-75 Fremont Street, SAN FRANCISCO, CALIFORNIA 

Manufacturing Plant—Sunnyvale, Santa Clara Co., California 


Designers and Manufacturers of 

Minings Milling and Industrial Machinery 





Hyi aulic Machinery Division 

Owing to the limited space alloted for this subject in this volume prices, weights and detailed information are pur¬ 
posely omitted. Catalogs are available and inquiries are solicited. 

The original and the longest established concern in the world featuring 
machinery required in the operation of Placer and Hydraulic Mines. 

Hendy Hydraulic Giants 

In hydraulic mining the systematic use of the Hendy Giant is well 
known and it is of interest to note that the excavation and transportation 
of earth, gravel etc. by hydraulic means has a far wider field of utility 
than is generally supposed. 

The giant was originally limited to mine operations, then the advent 
of quartz milling was accompanied by the risk of fire. With the presence 
of ample water and sufficient head, Giants were placed as ‘^Monitors’* or 
“Fire-wardens,” thereby effectively safeguarding dai^er from file. The 
demand for fire monitors continues, and we build a special type for that duty. 

The Hydraulic Giant is used to strip off the blankets of detritus from the 
croppings of auriferous veins. In Florida and Georgia the GIANT is, at a 
comparatively nominal expense, uncovering phosphate and kaolin prepara¬ 
tory to removal by steam shovels and scrapers. “Hendy” Hydraulic 
GIANTS are again found on the iron ranges of Minnesota and Michigan 
removing the overburden where the glacial drift has covered the ore bodies 
from a depth of 50 to 100 feet of sand associated with pebbles and rocks 
up to 3 inches and over. In municipal engineering it has found extensive 
application to level off sand hills and reclaim swamps with the fill. In 
railroad work it has been used both for excavating cuttings and making 
large embankments to replace high wooden trestles. A notable instance 
is recorded where clay, mud and sand were disintegrated by Giants and 
pumped from within a large cofferdam of sheet piling, where dredging was 
impossible in the effort to reach secure foundations for a seawall or quay. 
The Panama Canal is a noteworthy example of the uses to which Giants 
were adaptable. The Hydraulic Giant was used not only in excavating for 
foundations for the Mirafiores lock-site, but also for the reclamation of 
land in the vicinity of Corozal, as well as in removing the sliding material 
which caused so much difficulty in Culebra and Cucaracha. Here, 
the GIANT sluiced the overburden into the Canal, where dredges 
pumped the now disintegrated mass through long pipe lines to 
fills and swamp lands, thereby further establishing the GIANT 
as essential, effective and commanding in many engi¬ 
neering problems hitherto untried or, perchance, 
unknowm. 

Another form of the “Hendy” GIANT is part of the 
equipment of the modern dredge used in gold and tin 
mining in Alaska, and in California and elsewhere for 
spreading tailings after having been piled by the 
dredge, or in disintegrating clay or cemented gravel 
where the banks require undercutting. 

Hendy Hydraulic Gravel Elevators 

consist of a device for utilizing the “suspending 

power” of a very high velocity ascending column of water acting in an enclosed pipe to elevate 
solid material, sand, mud, gravel, boulders and small rocks, from a low point on bed-rock to a 
height sufficient to obtain grade for sluices or dump. They con¬ 
sist essentially of an intake or entrance box, containing the “jet,” 
a throat where the pressure energy of the “jet” is transferred to 
develop the ascending velocity flow in the mine up-raise pipe 
with discharge hood. 

The proper proportioning of the respective diameters of the 
jet throat and upraise pipe, to give the correct velocity of “lift” 
and to avoid losses, is of the very utmost importance. The spe¬ 
cial merit of hydraulic elevators as against centrifugal sand and 
gravel pumps, is the fact that as there are no moving parts and 
no sharp deflections of the moving streams of gravel, there is 
practically no wear, no delays and no stoppages, and while the 
power or mechanical efficient is not always as high as the best 
pumps, the actual working efficiency is as near perfect as can be. 

Elevators can be buried under a slide of mud and gravel, and 
will pump themselves clear, providing the pressure-supply pipes 
have not been actually displaced. This is where they have 
entirely superseded gravel pumps for all placer mine operations. 

For this reason, even when natural head of water is not available, it is sometimes preferable to develop “pressure 
water” by high duty centrifugal pumps, and use this for the jets and employ “elevators” for the actual work of lifting the 
gravel. Although the combined mechanical efficiency of such a combination is low, the complete freedom from break¬ 
down more than compensates. 


Hendy Giant using: 2,000 mi. In. under 610 ft. 
head and moving 400 cu. yds. of earth 
and gravel per hour. 


Diagrammatical Illustration of a 
Hendy Hydraulic Elevator 
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JOSHUA HENDY IRON WORKS 


HYDRAULIC MACHINERY. 


HYDRAULIC MINE MACHINERY 

Products in This Line Include: 

Riveted Sheet Steel Pipe and Fittings, Asphaltum coated, with and without flanges, in suitable lengths for shipment any¬ 
where or cut, punched and formed for transportation by native carriers or pack-animals. Riveted pipe for pontoons or 
hydraulic dredgers. Expansion Joints and Ball Joints. 


In addition to the above we manufacture in variety steel flumes, sluices and penstocks, likewise iron and steel riffles for 
saving gold and carrying debris. 


GATES AND VALVES (Any Size or Pressure) 

Sluice, Head and Reservoir Gates; Operating Mechanisms; Radial Gates and Outlet Gates for 
Dams; Valves—Gate, Needle or Butter-fly types for every purpose; Trash-racks; Strainers and Low- 
Water Alarms; Jigs, Concentrators and Under-Currents; Canvas and 
Cocoa-Matting; Log Washers; Screens and Trommels; Stamp and Rotary 
Mills for Disintegrrating Cemented Gravel; Bateas, Cleanup and Berdan Ig 

Pans 


Retorts; Bullion Molds and Quicksilver. 


We build Derricks to operate by water 
power, steam or electricity. Aerial Cable- 
ways and Bucket Carriers, also Drag Line 
Scraper Installations. 


WATERWHEELS (Tangential Type) 

Our experience and facilities in this line are unsurpassed. 
Small motors are generally carried in stock for immediate shipment. 
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SECTION XV 

Lubrication 



I 


f. 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


THE FOLLOWING MANUFACTURERS and DEALERS ^ 
ARE REPRESENTED IN THIS SECTION^ 


Cook’s, Adam, Sons 

Standard Oil Company (Indiana) 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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LUBRICATION DATA, 

LUBRICATION DATA 


In the operation of most machinery two kinds 
of friction have to be overcome by the expenditure 
of power: Solid friction, which results from actual 
contact of the moving surfaces, and .fluid friction, 
which is due to the resistance the lubricant offers 
to motion. Since solid friction is much greater than 
fluid friction, lubricants are used to separate the 
moving parts of machines, and so substitute fluid 
friction for solid friction. With smooth bearings 
at high speeds and under moderate pressures, the 
substitution is practically complete with a suitable 
oil, and the friction developed is proportional to 
the true viscosity of the oil. 

Solid Friction 

More or less solid friction results where the 
lubrication is deficient either in qualify or quantity. 
On account of the minute irregularities of bearings 
and journals, and on account of the tendency of 
metals to weld under the pressure, the resistance 
to motion is high where the metals are in actual 
contact. 

The effects of solid friction are relatively large 
power losses, heating of the bearing, lowering of 
the viscosity of the oil by heating, and wear. As 
the bearings may be continually roughened by the 
sliding contact, the conditions become ideal for in¬ 
crease frictional losses. Li most cases, the effect 
will be continued wear and continuous waste of 
power through excessive solid friction. With good 
lubrication, serious abrasion is entirely absent, and 
wear and solid friction are reduced to a minimum. 

Solid and Fluid Friction 

While for heavy, slow-moving machines, solid 
friction is generally an important factor in power 
consumption, in the usual bearings and journals at 
normal speeds and pressures, relatively more power 
is used in overcoming resistance to oil. u the 
lubricant does not keep the bearing and journal 
apart almost entirely during normal running, there 
is something wrong with the lubricant or the 
bearing. 

Fluid Friction 

In perfect lubrication, the moving part is en¬ 
tirely supported or “float^” on a film of oil which 
is of sufficient thickness to keep the journal and 
bearing apart under all reasonable conditions. To 
maintain such a film, the oil must have sufficient 
viscosity or “body.” Pressure, speed, working tem¬ 
perature, condition of the bearings and method of 
oil feed determine the most advantageous oil to use, 
the effect of these different factors being as 
follows: 

(1) With other conditions the same, high 
pressures require oils of higher viscosities than do 
low pressures, as high pressures tend to squeeze the 
oil from between the friction surfaces. 

(2) With the same pressures, a fast-moving 
journal can be satisfactorily lubricated with a 
thinner or less viscous oil than can a slower journal. 
This is because the speedier journal sucks or pulls 
more oil in between the moving parts and so aids 
in maintaining the film. 
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(3) For bearings that operate at high tem¬ 
peratures, as on electric motors, an oil of greater 
viscosity is required than for lower working tem¬ 
peratures under similar speeds and pressures. 
Raising the temperature greatly reduces the vis¬ 
cosity of an oil. 

(4) For rough bearings, an oil of high viscos¬ 
ity is required in order to maintain a thick film 
which will reduce actual contact of the bearing and 
journal to a minimum. 

(6) With a circulating oil feed, or force feed, 
oil of lower viscosity can be used on account of the 
increased amount of oil reaching the bearing, which 
partly compensates for the oil squeezed out. The 
excess of oil also tends to reduce the temperature 
of the oil film and cool the bearing so that the work¬ 
ing temperature is lower and the working viscosity 
is higher than where less oil is fed. 

In general, for low pressures and high speeds 
a thin oil is desirable; for high pressures and low 
speeds, a thicker, more viscous oil is necessary. 
Pressure per square inch is meant, not the total 
pressure on the bearing, while speed refers to the 
friction speed of the contact surfaces and not to 
the actual rate of rotation. For rubbing speeds of 
less than 100 feet per minute, the oil ffim does not 
form properly for satisfactory oil lubrication. 

With good lubrication, or practically perfect 
lubrication, the friction is chiefly fluid friction, and 
the main factor in determining the amount of fric¬ 
tion is the viscosity of the oil, so far as lubrication 
is concerned. Obviously then, an oil which has just 
sufficient viscosity to carry the load under all rea¬ 
sonable conditions, but no greater viscosity, is the 
ideal lubricant. 

Viscosity 

By the viscosity of an oil is meant its internal 
friction or its resistance to flow. It refers to the 
same property as do the terms body and cohesion. 
For true liquids viscosily varies inversely as fluid¬ 
ity. The viscosity of an oil is its most important 
property from a lubrication standpoint. The co¬ 
efficient of friction has been shown to be propor¬ 
tional to the true (absolute) viscosity of oils at 
the temperature of use. 

The commercial methods of taking viscosity are 
based on the time required for a given volume of 
the oil to flow through a certain size opening or 
tube under specified conditions. The apparatus used 
to determine viscosity is called the Viscosimeter. 
The real importance of the viscosity determination 
has been obscured by the fact that determinations 
have been made at temperatures which did not rep¬ 
resent the working temperatures, and by the fact 
that with commercial viscosimeters, the opening is 
made too large, or the tube too short, for thin oils 
to register their true relative viscosities as com¬ 
pared to the thicker oils. 

Oil Lubrication 

Successful oil lubrication is based on two funda¬ 
mental principles: 

(1) The use of an oil of sufficient viscosity to 
maintain a film of adequate thickness under normal 
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workinsr conditions plus sufficient additional vis¬ 
cosity to prevent bearings coming in contact during 
abnormal conditions. Since solid friction is so 
much greater than fluid friction, if bearings come 
together appreciably, power will be used up and 
more or less wear result. A lubricant which does 
not keep away solid friction and wear does not meet 
the primary requirements of a lubricant. 

(2) The use of an oil of only sufficient vis¬ 
cosity to meet the above conditions, as all additional 
viscosity results in the useless consumption of 
power. At high speeds, not only can an oil of lower 
viscosity be used, but any additional viscosity re¬ 
sults in much greater power losses than would 
result at lower speeds. Fluid friction is roughly 
proportional to the square root of the viscosity of 
the friction surfaces. 

Imperfect lubrication with solid friction results 
where friction speeds are too low, or too little oil 
is fed, or the load is too great for the viscosity of 
the oil under working conditions. Consequently for 
heavy shafting where the friction speeds are low, 
and in similar circumstances with other machinery, 
an oil of sufficiently high viscosity should be used. 
If the speed is low, a reasonable excess of viscosity 
will result in little lost power. 

Bearings 

The design and fit of bearings greatly influence 
the quality of the lubrication. Bearings should be 
so constructed, by proper grooving or otherwise, 
and by proper location of the oil feed, that ample 
oil is drawn in or sucked in by the moving journal. 
In order to secure the best possible conditions for 
lubrication, the bearings should be smooth and of 
softer metal than the journal. While an exces¬ 
sively soft bearing would not offer sufficient re¬ 
sistance to the load, a soft bearing soon beds or 
flows to fit the journal so as to support the load 
at all points. 

The area of bearings is designed to secure 
proper load per unit area. The area of the bearing 
should be just sufficient to maintain the load suc¬ 
cessfully under all conditions with the grade of oil 
used, as any excess area will increase the friction 
loss unless a thinner oil is substituted. For high 
speeds, the friction is practically independent of 
the load and proportional to the area of the friction 
surfaces. 

The proper fit of bearing for the lowest co¬ 
efficient of friction is obtained by having the radius 
of the journal slightly less than the radius of the 
bearing to give space for the oil film. 

Grease Lubrication 

Good lubrication with oils is difficult to attain 
with slow-moving machines under high pressures 
on account of the tendency of the lubricant to 
squeeze from between the friction surfaces faster 
than it is fed in by the motion of the journal. Since 
greases do not squeeze from bearings readily, but 
maintain a relatively thick film under pressure even 
when the journal is still, they are especially suited 
for slow or intermittent work where the loads are 
heavy. Sometimes oils of high viscosity can be 
used successfully for such work. For use on gears, 
greases are especially adapted, as the unit pres¬ 
sures are high and the rubbing speeds slow. 

Greases are not suitable for high friction speeds 
on account of their greater frictional resistance as 
compared to oils, though they , do not offer exces¬ 
sive resistance to flow at low speeds. The co¬ 


efficient of friction is higher for greases than for 
oils, which is another way of saying that greases 
offer more resistance to motion than oils do. Thin 
greases and greases of low melting point do not 
offer as great frictional resistance as stiff greases 
of high melting point. 

Graphite as a Lubricant 

Hake and amorphous graphite have been widely 
used in conjunction with oils and greases for lubri¬ 
cation. The function of the graphite seems to be 
to build up the depressions in the friction parts, 
and so make a smoother bearing. The effect is to 
reduce the friction, to make possible the use of a 
much thinner oil and to reduce the consumption of 
lubricant. For very heavy work and slow ^eeds, 
graphite is extremely valuable in preventing abra¬ 
sion and seizing, and for reducing solid friction, as 
in steam valves and cylinders. 

Graphite also seems to form a veneer or coating 
which carries heavy loads without offering much 
resistance to motion. Only very finely divided 
graphite should be used, especially with bearings 
having small clearance. Very small amounts of 
graphite give the best results. 

Mica as a Lubricant 

In general, the action of mica in a suitable state 
of fineness is similar to the action of graphite in 
being a surface evener. Mica has been used largely 
in certain greases. 

Advantages of Petroleum Lubricating Oils 

The advantages of petroleum lubricating oils 
over animal and vegetable oils are the lower cost 
of the mineral oils, the non-oxidizing and non¬ 
gumming character of mineral oils and their gen¬ 
eral stabilit}% and the great range of viscosity ob¬ 
tainable. This wide range in viscosity of the 
products available makes a knowledge of the vis¬ 
cosity of various mineral oils not only desirable 
but necessary to meet different lubricating condi¬ 
tions. The chief disadvantages of mineral oils con¬ 
sist in the non-adherence of the oils in presence of 
hot water and in the rapid decrease of viscosity 
under heat. Animal and vegetable oils also lose 
viscosity rapidly under heat. By proper attention 
to the temperature at which an oil is to be used, a 
mineral oil can be obtained which will meet all vis¬ 
cosity requirements at the desired temperature. 

Gravity Tests 

The gravity test has been accorded too much 
weight in judging the lubricating value of oils, con¬ 
sequently oils have often been found unsuitiffile 
because some more vital test, as viscosi^, has be<m 
sacrificed to meet an impractical gravity require¬ 
ment. The gravity is of value in judging the t^ 
of crude from which oil was refined. Thus high 
viscosity oils do not nm over 30® Be., unless from 
Pennsylvania or similar crude. For a given crude 
the viscosity is generally proportional to the grav¬ 
ity, but this is not necessarily true for oils of the 
same type from different crudes. 

It has long been a trade custom to use the 
Baume gravity (Be.) instead of the specific gravity. 
The simplest way to take the gravity is with a 
hydrometer. Hydrometers are made which read 
either degrees Baume, or specific gravity, or both. 
Since the gravity must be taken at 60® F., or be 
corrected to 60® F., hydrometers may be equipped 
with a thermometer. 
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Flash Test 

The flash point of an oil is the lowest tempera¬ 
ture at which the oil ^ves off sufflcient vapors to 
form an inflammable mixture with air. The flash 
point varies with the conditions of testing and with 
the apparatus used. 

The flash point does not indicate the value of 
an oil for lubricating purples, except in a very- 
general way. Thus very high flash oils, such as 
cylinder oils, must usually have a high -viscosity, 
and light oils, such as spindle oils, cannot have as 
high flash points as engine oils. 

The chief value of the flash test is to determine 
the safety of an oil with respect to the fire risk and 
as an indication of the freedom of the oil from 
excessive evaporation loss during use. The fire 
hazard of lubricating oils is of importance where 
the oils are for use on fast-moving machinery, such 
as spindles, or for use in compressors for air, am¬ 
monia and other gases. The flash test is of special 
importance in connection with motor and other oils 
exposed to high temperatures. 

There are a large number of different testers on 
the market for the flash test, but in the United 
States the open tester is used. A simple tester may 
be made from an open dish heated by a flame so 
that the temperature rise is from 10® to 12® F. per 
minute. The bulb of a thermometer is entirely sub¬ 
merged in the oil, but not allowed to touch the 
bottom of the dish. A small test flame is applied 
every 7® F., beginning at least 50® below the su^ 
posed flashing point of the oil. The flash point is 
the temperature read at the moment the vapor 
ignites with a slight flash. The heating may be 
continued, applying the flame as before, until the 
oil vapor continues to bum after the test flame is 
removed. The temperature observed is called the 
burning point or the fire test. 

Fire Test 

The fire test is the lowest temperature at which 
the oil gives off sufficient vapor to continue to bum 
after the vapor is ignited. Oils, particularly steam 
cylinder oils, have been largely sold by their fire 
test, which is from 40® to 50® F. above the flash 
test for motor or engine oils and from 60® to 80® F. 
above the flash test for cylinder oils. 

Vaporization Test 

The amount of oil that will vaporize at any 
given temperature is somewhat proportional to the 
flash and fire tests of the oil. A low flash oil will 
lose weight faster than a high flash oil. 

The vaporization test gives more definite infor¬ 
mation as to the extent of the loss by vaporization 
under definite conditions than can be inferred from 
the flash and fire tests. This is especially tme 
where the oil tends to decompose under the in¬ 
fluence of heat. The usual procedure is to use 
temperatures of 212® F. or higher, up to the flash 
point of the oil, for a period of not more than 6 
hours, the temperature used and the time of heat¬ 
ing being chosen with reference to the type of oil 
and the condition under which the oil is to be used. 

This test is of value in determining what flash 

TYPES 

ParaflSn Oils 

These oils are manufactured by fire distillation 
(without steam) and are decolorized or bleached by 
treatment with sulphuric acid. The final colors 
are yellow or red. Some of the better grade 
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test to specify, as for spindle oils or motor oils, 
and for testing such oils as air-compressor oils, 
turbine oils, transformer oils and superheater cylin¬ 
der oils. In these tests the condition of the residue 
is of more importance than the actual loss on evap¬ 
oration. 

Cold Test 

The cold test is the lowest temperature at which 
the oil will still flow. Methods of making the test 
vary and the temperature found has many names 
besides the cold test, such as the cloud test, pour 
test, flow test, chill point, freezing point and set¬ 
tling point. The oil does not solidify as a whole, 
but becomes solid from the freezing out of some 
constituent, such as paraflSn. 

The cold test is valuable where oils are to be 
exposed to low temperatures, such as on freight 
cars in winter and for use on pneumatic tools. In 
general, a lower cold test is required in winter than 
summer. For general lubrication the cold test 
should be sufficiently low to ^ve a free flowing oil 
under the most severe service conditions, other¬ 
wise serious trouble may result from freezing of 
the oil. 

The cold test has no special bearing on the 
lubricating value of an oil except at low tempera¬ 
tures. The cold test of western oils is naturally 
lower than the cold test of Pennsylvania oils on 
account of the freedom from paraffin. 

Color and Appearance 

The color of an oil is no indication of its lubri¬ 
cating value. Heavy oils have deeper colors than 
light oils, such as the paraffin oils or non-viscous 
neutrals. Oils should not be darker than their vis¬ 
cosity warrants, as such a condition is evidence of 
incomplete or improper refining. Highly filtered 
oils are paler than other oils of corresponding -vis¬ 
cosity, but the color of oils can be lightened by acid 
treatment. 

Red engine oils should be clear when viewed 
toward the light in a sample bottle. Oils should 
be free from any turbidity which might indicate 
the presence of water, paraffin, glue or other im¬ 
purities. 

Cylinder oils, if free from tar, are green in 
color instead of black. 

All mineral oils show more or less “bloom” or 
fluorescence unless the bloom is artificially removed 
by the addition of nitro-benzene (oil of mirbane), 
or by nitro-naphthalene. 

Emulsification Test 

For oils used in circulating systems where the 
oil must be used repeatedly, such as in steam turr 
bines, the oil must be able to separate from water 
readily and retain this property during use. The 
tendency to emulsify seems to be related to the 
presence of certain sulphur compounds, soaps and 
fatty oils or organic acids. The most important 
single test for a turbine oil or similar oil, after the 
viscosity test, is the emulsification test. The thick¬ 
ening of an oil in service prevents proper circula¬ 
tion and lubrication, and failure to separate from 
water makes an early rejection of the oil necessary. 

OF OILS 

products are filtered instead of acid treated. The 
gravity seldom goes above 30® Be. even for the 
thinnest oils, and the viscosity is low compared 
to the gravity, as the method of distillation tends 
to break down the more viscous portion of the oil. 
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The viscosity ranges from that of heavy kerosene 
to 300 at 100° F. The light oils can be used for 
spindle oils in place of the usual non-viscous neu¬ 
trals. The heavy oils are used for engine oils, loom 
oils and motor oils. These oils are not so expensive 
as are neutral oils. The high viscosity paraffin 
oils are made by “reducing,” that is, by distilling 
off the lighter oils by steam and fire. 

Neutral Oils 

These oils are manufactured by steam distilla¬ 
tion and are of high viscosity in proportion to their 
gravity. After the wax has been removed from the 
mixed lubricating oil distillate, the oil is reduced 
by steam distillation to remove the lighter oils. 
These light oils constitute the non-viscous neutrals, 
while the residue from this final distillation con¬ 
stitutes the viscous neutrals. 

The non-viscous neutrals usually have a gravity 
above 30° Be. and a low viscosity, suitable for light 
spindles. These oils are considered the best spindle 
oils, as they do not stain like paraffin oils if prop¬ 
erly filter^. These oils are not usually acid 
treated. The viscosity is 46 to 66 at 100° F. 

The viscous neutrals are usually slightly above 
30° Be. and have viscosities ranging from 80 to 
200 at 100° F. These oils are suitable for motor 
oils, turbine oils, gas engine oils, air-compressor 
oils and for the highest grade service. The color 
is reduced by repeated filtration through fuller’s 
earth instead of by acid treatment. In order to 
make heavier oils, the viscous neutrals are blended 
with small amounts of high flash, filtered steam 
cylinder stock. Blended oils of high viscosity may 
have gravities as low as 27° Be., even when from 
Pennsylvania stocks, in which case the gravities 
will be much lower and the viscosities much higher 
than can be obtained from Pennsylvania distillates 
alone. 

Engine Oils 

Commercial engine oils are usually the heavier 
paraffin oils. The heavier oils are nearly always 
red, but the amount of color depends on the amount 
of acid treatment or of filtration. The color is not 
an index to the lubricating quality. The heavier 
engine oils may be built up by the addition of cyl¬ 
inder stocks to heavy distillates. Viscous neutr^s 
were formerly much sold as engine oils, but high- 
gravity neutrals now go largely into the motor oil 
trade. Low-gravity western neutrals are still sold 
as engine oils. For circulating oil systems, neutral 
oils are more satisfactory than paraffin oils, as they 
separate from water better. 

Motor Oils 

For lubricating gasoline engines of all kinds, 
the viscous neutrals are considered most suitable. 
While Pennsylvania products are generally given 
preference, oils can be made by the same process 
from other crudes with equal success. For western 
oils, the gravity is lower and the viscosity may be 
higher. The heavy motor oils are made by the 
addition of special steam-cylinder stocks to viscous 
neutral oils. Paraffin oils make less desirable motor 
oils. 

Turbine Oils 

These are similar to the lighter motor oils. The 
neutral oils separate from water better than do the 
paraffin oils, and so are more desirable in actual 
service. 

Air-Compressor Oils 

These are similar to the lighter motor oils. 


Cylinder Stocks (Steam Refined) 

By steam distillation of Pennsylvania oils and 
other paraffin-base oils, a heavy undistilled oily 
residue is left in the still. This can be used as a 
cylinder stock after removing some of the solid im¬ 
purities. Steam refined stocks of high fire test 
(over 600° F.) are not filtered, as filtration is dif¬ 
ficult and the high temperature has removed most 
of the paraffin. The flash test ranges from about 
560° to 600° F., and the fire test from 600° to 
700° F. Low fire test stocks are more likely to con¬ 
tain parafiin, and high test stocks to contain tarry 
matter. Cylinder stocks should be free from tar, 
so the color should be green or brown and not 
black. 

The viscosity of Pennsylvania stocks runs from 
140 to 280 at 210° F. for the steam refined stocks. 
The highest viscosity Pennsylvania stocks do not 
run below 24° Be. in gravity. 

Cylinder Stocks (Filtered) 

Steam refined stocks can be cut back with crude 
gasoline and filtered through fuller’s earth or 
boneblack to remove carbon and coloring matter. 
The highest fire test stocks are never filtered, the 
fire test of filtered stocks rarely being over 600° F. 
Also stocks of over 160 viscosity are rarely filtered. 
Pennsylvania stocks do not run less than 26° Be. 
Filtering reduces, the viscosity of cylinder stocks. 

Bright stocks are generally low cold test stocks 
made in the preparation of petrolatum. 

Blended Oils 

Blended oils are made by mixing mineral oils, 
either distillates or cylinder stocks. Sometimes oils 
are cut back by the addition of a small amount of 
a low viscosity oil to reduce their viscosities. 
An example would be the addition of a distillate to 
a cylinder stock to lower its viscosity or the addi¬ 
tion of a distillate to car oil to change a summer 
car oil to a winter car oil. Sometimes the viscosity 
of light oils is built up by the addition of heavy 
oils, as in adding cylinder stocks to engine oil dis¬ 
tillates to make heavy motor oils. 

In mixing or blending oils it is well to remem¬ 
ber that the viscosity qf the mixture is always 
decidedly lower than would be calculated from the 
viscosities of the two oils and the proportions taken. 
Where the oils are very different in viscosity the 
variation from the expected viscosity is greatest. 
The viscosity of the mixture may be as much as 
30 per cent, below the expected viscosity, but is 
usually from 6 to 16 per cent, lower than the cal¬ 
culated. The gravities are as would be expected, 
but the flash point is lower than the mean of the 
mixture. 

Compounded Oils 

Compounded oils are made by mixing or blend¬ 
ing a mineral oil with a fatty oil. The chief com¬ 
pounded oils are cylinder oils, made by dissolving 
animal or other fatty oil in cylinder stocks, and 
marine engine oils made by dissolving rape oil or 
blown rape oil in mineral oil. Compounded oils for 
other purposes are now seldom used. The viscosity 
of a compounded oil is much less than the theoret¬ 
ical viscosity calculated from the oils used in com¬ 
pounding. 

Cylinder Oils 

Cylinder oils are made by compounding (mix¬ 
ing) cylinder stocks with animal or vegetable oils. 
Cylinder stocks are never used alone for lubricating 
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saturated steam cylinder except where the con¬ 
densed water is to be used again for some purpose, 
and are rarely used alone for lubricating super¬ 
heated steam cylinders, at least in America. A 
certain amount of fixed oil (fatty oil) is necessary 
to keep the wet steam from displacing the oil from 
the friction surface of the cylinders and ^ralves. A 
straight mineral oil will not form or maintain an 
oil film on metal in the presence of hot water, that 
is, it will not wet the metal, and so will not lubri¬ 
cate. Fatty oils will wet metal in the presence of 
hot water and they have the property of keeping 
this valuable characteristic even when mixed with 
mineral oils. 


have lower viscosity stocks, and so require no more 
fixed oils than do cylinder oils for lower pressures. 
The high-flash, high-viscosity oils are more difficult 
to atomize, but proper location of steam pipe and 
proper installation of the lubricator will result in 
good atomization with the higher pressure steam. 

For superheated cylinders, oils are compounded 
from high fire test, high-viscosity stocks and 3 to 
11 per cent, of animal oil, usually tallow oil. As 
much as 11 per cent, is not usually required for 
stationary engines, but may be in locomotive prac¬ 
tice on account of greater condensation from cool¬ 
ing in winter or to make possible the lubrication of 
the low-pressure cylinders of compound engines 


AlUklyMS of Soino Oylindor Oils (l^kliftrt) 


No. of Oil 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

Kind of Oil 

Pasty 

Filtered 

Stock 

Bright 

Filtered 

Stock 

Bright 

Filtered 

Stock 

Steam 

Refined 

Stock 

Filtered 

R. R. 

Superheater 

Filtered 

R. R. 
Saturated 

Dark 

Low 

Pressure 

Low 

Pressure 

High 

Pressure 

Special 

Low 

Pressure 

High 

Pressure 

Special 

Low 

Pressure 

Baume gravity. 

22.0 

28.1 

26.2 

25.6 

25.6 

26.0 

27.0 

22.6 

24.6 

26.0 

22.4 

22.6 

Flash test (‘P.). 

650 

510 

646 

586 

585 

630 

486 



466 

660 

525 

Viscosity at 150* P... 

t - r 

468 

485 



406 

281 

466 

696 

341 

666 

463 

Viscosity at 210* F... 

188 

138 

141 

188 

180 

128 

100 

141 


116 

187 

136 

Patty oils (%). 

1.6 

0.4 

2.6 

0.9 

11.2 

10.6 

9.6 

3.6 

6.8 

3.8 

7.0 

4.8 


Varying amounts of fixed oils are required, 
ranging from 2 to 12 per cent, or over, the lower 
per cent, being sufficient for very dry steam and 
the higher per cents, being required for very wet 
steam, as is present in low-speed cylinders. The 
usual cylinder oils contain less than 12 per cent, of 
fatty oil, the amounts ordinarily present being 4 
to 10 per cent. 

Practically all kinds of animal and vegetable oils 
have been used at times for compounding cylinder 
oils. The most generally preferred is tollow oil, 
but neatsfoot oil, lard oil, degras, degras oil, rape 
oil, blown rape oil, cottonseed oil and even linseed 
oil have been used. The animal oils are preferred 
on account of their non-gumming character. Rape 
oil is popular abroad, and blown rape oil is used, as 
it has a high viscosity which makes the viscosity 
of the compounded oil not much lower than the 
viscosity of the stock from which it was com¬ 
pounded. The addition of fatty oil lowers greatly 
the viscosity of the cylinder stock to which it is 
added, even more than would be expected. 

Excessive amounts of fatty oils, above that 
actually required, should not be add^ to cylinder 
stocks, as the fatty oils break down somewhat 
under the action of steam, forming free fatty acids 
which attack the metal of the cylinder. Carefully 
compounded oils do not give any trouble in this 
particular. 

The oils used for compounding cylinder oils 
should be acidless, as acidless tallew oil; that is, 
they should contain less than 2 per cent, of free 
acid calculated as oleic acid. 

If the exhaust steam is to be condensed and 
used over again, it is important that the amount of 
fatty oils be reduced to a minimum, so that the oil 
can be separated from the water readily. This is 
true in the case of cylinder oils for ice plants and 
for marine engines, which are often operated with 
straight cylinder stocks. 

It may be said that the high viscosity cylinder 
stocks have better adherance to hot, wet metal than 


with the oil carried by the exhaust steam from the 
high-pressure cylinders. The viscosity of the fin¬ 
ished oil is rarely as low as 140, and is usually 
between 160 and 220 at 210° F. Cylinder oils for 
saturated steam have viscosities from 100 to 220 
at 210° F. 

Filtered cylinder oils are not usually required 
for either saturated or superheated steam cyl¬ 
inders. 

Car Oils (Black Oil, Reduced Oil, WeU 00) 

The residue left after distilling off the lighter 
lubricating oils by fire distillation is a black oil 
which is sold in the unrefined condition as car oil. 
For winter car oil, the distillation can be stopped 
earlier, or the residue can be cut back with some 
light distillate. 

The viscosity of winter black oil is high enough 
for summer use, so far as actual lubrication of the 
journal is concerned, but a higher viscosity oil is 
required in summer so as to feed properly by means 
of the waste. The friction loss is greater with the 
heavier oil than it would be with the lighter winter 
oil. 

AiukljMs of Oar Oils (l^ookhart) 
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It has been customary to specify the viscosity 
of car oils at 180° F., instead of at 210° F., but 
the tendency is to depend more on the figures at 
210 °. 
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The cold test of summer oil is not imix>rtant, 
but the cold test of winter should not exceed 10°. 
except for southern climates. Tarry matter should 
not exceed 5 per cent. This includes all sediment. 
The gravity is not important, as the cost is an im¬ 
portant consideration and specifying gravity would 
make some users go to distant fields to meet the 


specification. The viscosity for winter oil should 
be between 60 and 65 at 210°., and for summer oil 
80 to 100 at 210° F. The fiash point should be 
above 250° F. in winter for northern climates and 
over 325° F. in summer; for southern climates the 
fiash point might advantageously be 50° higher for 
each instance. 


LUBRICATING GREASES 


Greases are used for lubricating bearings where 
the pressures are too great for successful oil lubri¬ 
cation ; for lubricating difficultly accessible parts of 
machines; for preventing undesirable splashing; 
for preventing waste of lubricant from poorly 
housed bearings; and for reducing the cost of lu¬ 
brication by reducing the attention required and 
the amount of lubricant fed to the bearings. 

Greases are made in varying consistencies, or 
in varying degrees of hardness, to suit different 
purposes, from the soft compression cup or rod cup 
greases to the solid greases used for journals. 


bined fatty acids in the grease, but fatly oils have 
only a beneficial effect on the bearings in the 
absence of fatty acids. 

The cup greases, or lime-soap greases, are some¬ 
what more generally used than the soda greases. 
Cup greases are often blended with graphite or 
mica. This may or may not be good practice, de¬ 
pending on the amount and the nature of such 
additions and the purpose for which the grease is 
to be used. For heavy machinery, mica and graph¬ 
ite are often advantageous, though the tendency is 
to use excessive amounts. 


Composition of Boms Oreasos (OiUetto) 
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53 

39 
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32 
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40 

42 

17 

25 

16 

7 



0.075 



0.022 


0.067 

0.048 

0.019 



0.011 


The most usual type of lubricating grease today 
is the soap-thickened mineral -oil type. Practically 
all the greases met with in general lubricating 
practice are made by combining mineral oils of dif¬ 
ferent grades with varying amounts of lime soaps, 
soda soaps, or other soaps. The texture of these 
greases is influenced by the character of the min¬ 
eral oil, the kind of soap (as soda or lime), the 
amount of soap, the kind of fatty oil from which 
the soap was made, by the presence of free fatty 
oils, by the presence of water in the grease, and by 
the process of manufacture. 

Cup Grease 

Cup greases are nearly always lime-soap 
greases, from 12 to 23 per cent, of lime soaps being 
present, combined with a mineral oil distillate of 
low or medium viscosity. The general practice is 
to use very thin oil, which may not give enough 
lubricating body to the grease for heavy work. 
Water is generally present from traces up to 1 per 
cent. The small amount of emulsified water, 
usually less than 0.4 per cent., is added to give 
the proper consistency to the grease and to prevent 
ultimate separation of the lime-soap and the min¬ 
eral oil. The effect of much water is to make the 
grease softer, so excessive amounts of water are 
seldom found since the addition of the water is not 
economical to the manufacturer. Water also makes 
the grease opaque and lighter in color. 

In making cup greases it is important that only 
sufficient lime be used to saponify the fat or fatty 
oil used, otherwise the grease will contain free 
lime which might attack some kinds of bearings, 
e. g., brass bearings. There should be no uncom- 


Soda Grease 

These greases are made by dissolving soda soaps 
in hot mineral oils. Heavier oils are generally used 
than in the cup greases, although light oils are also 
used. The oils used are paraffin oils, engine oils and 
cylinder stocks. Soda greases have a better repu¬ 
tation than lime-soap greases on account of the 
presence of heavier oils and on account of the free¬ 
dom from any tendency to separate into soap and 
oil. Where soda greases are free from water they 
can be melted and cooled down without separation. 

The soda greases are generally known as “fiber” 
or “sponge” greases, on account of their peculiar 
texture. 

Gear greases or gear compounds are soda 
greases or sponge greases in which the soap is of a 
stringy character and the oil is a heavy, dark oil 


AnaljME of OroMMS (l^ookliurt) 
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or cylinder stock. On account of the viscous M- 
ture of the oil these greases show good adhesive 
properties and a good cushioning effect. 
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For special purposes, some of the stiff, heavy 
soda greases may contain up to 50 or even 60 per 
cent, of soaps for heavy bearings or journals carry¬ 
ing heavy loads. Soda greases should not contain 
any uncombined caustic. Ordinarily, however, 
there is no special difficulty involved in making a 
neutral product. Greases should not be stiffer than 
absolutely necessary, as stiff greases use up power 
to a marked extent. 

Non-Fluid and Soap-Thickened Oils 

The non-fluid oils or solidified oils are made by 
combining from 0.5 to 7 per cent, of suitable soaps 
(lime, aluminum, lead or soda soaps, alone or 
mixed,) with light mineral oils, such as paraffin 
oils. These treated oils vary in consistency from 
the soft pastes used for rod cups down to thick oils. 
Mineral castor oil is made by dissolving from 2 to 
5 per cent, of aluminum soaps in a light paraffin oil, 
the effect being to give a stringy character to the 
oil and greatly increase its apparent viscosity. The 
real viscosity of such oils can be determined at low 
temperatures without first removing the soap. 

Thickened oils and grease pastes or jellies have 
many advantageous applications, as they can be 
made of fairly low melting pointe for use in cups 
where a slight increase in temperature will cause 
them to flow to the bearing. One of the special 
uses is for non-splash oils. 


Axle Grease 

This grade of grease is usually made from lime 
and rosin oil, with or without the addition of min¬ 
eral oil. The lime combines with the acids in the 
rosin or rosin oil, forming a “soap” which thickens 
the oil so as to form a grease. Usually more lime 
is used than is required to combine with the rosin 
acids, the excess lime remaining as a filler. Mica, 
talc, soapstone and other powdered substances are 
also added to this grade of grease. Axle grease is 
only suitable for rough work, such as use on iron 
bearings. 

Rosin consists mainly of organic acids and is 
soluble in hot petroleum oils. Rosin oil, made by 
distilling rosin at a high temperature (above 
360° C.) contains up to 40 per cent, of organic 
acids. The oil high in acids is most suitable for 
grease making, ^e method of manufacture is 
either to stir the dry slaked lime into cold rosin 
oil and let it “set” without any further stirring or 
agitation, or to make a cream of slaked lime with 
water, this cream being stirred into the rosin oil. 
In this latter case the water is expelled during the 
setting of the mix and mineral oil is then stirred 
in after running off the water. 

Rosin greases usually contain either small 
amounts of water or about 20 per cent, of water. 


LUBRICATION OF VARIOUS MACHINES 


Stationary Gasoline Engines 

The oil used should ordinarily have a flash test 
of about 400° F., and should preferably be a 
straight distillate (viscous neutral). This mineral 
oil distillate may be blended with a very small 
amount of Altered cylinder stock, for use with 
heavy engines. Distillation of the oil should there¬ 
fore show very little carbon residue unless the oil is 
for extra large engines which require an extra heavy 
oil. The gravity is preferably, but not necessarily, 
above 26° Be., though oils of any gravity may be 
used successfully if of proper viscosity. ()ils which 
turn black on heating to their flash points for 15 
minutes or show considerable sediment on subse¬ 
quent settling will tend to form excessive amounts 
of carbon in use. All oils show some darkening 
when heated to high temperatures. 

Medium oils of 220 to 270 viscosity at 100° F. 
are suitable for small gasoline engines. For large 
gasoline engines heavy oils of 250 to 450 viscosity 
should be used. For engines operating in cold 
climates the cold test should be sufficiently low to 
meet practical conditions. Elngines having force 
feed can use the higher viscosity oils to advantage, 
while the high viscosity oils are required for air¬ 
cooled engines. 

Dynamos and Motors 

Most of these machines are equipped with ring- 
feed bearings, or with circulating feed. The usual 
conditions are high speeds and a fairly high oper¬ 
ating temperature due to the heat generated by the 
electric current in the adjacent coils. The function 
of the oil is to give sufficient lubrication and to aid 
in cooling the bearings. Since the oil is used over 
and over again, a thin oil is decidedly preferable. 
Such an oil circulates more readily and permits the 
impurities to settle out more quickly. 

Where the oil-cooling reservoir is not sufficiently 
large an oil of higher viscosity becomes necessary. 


uiNiNa cATAnoa 


Such an oil is more likely to form gummy material 
and give trouble than would a thinner oil kept at 
the proper temperature by an efficient cooling sys¬ 
tem. In starting a dynamo or motor, particularly 
the larger machines after long standing, the bear¬ 
ings can often be hand-oiled to advantage. The 
oiling rings should be regularly inspect^ to see 
that they are revolving and so feeing the oil 
properly. 

For lubricating the bearings of very small ma¬ 
chines heavy spindle oils or non-viscous neutral oils 
can be used. These oils should have a viscosity of 
70 to 110 at 100° F. 

For dynamos and small motors, of 5 to 35 horse 
power, viscous neutral oils are required. Ehigine 
oils of good grade and light automobile oils are 
suitable. The oils should preferably be straight 
distillates purified by filtration rather than by 
chemical treatment, and of low enough cold test to 
meet ordinary conditions of use. The gravity of 
the best oils will ordinarily be above 30° Be., but 
good oils can be had of 27° Be. The flash point 
will be above 380° F., the cold test below 20° F., 
and the viscosity 140 to 180 at 100° F. The oils 
should be free from gummy or tarry matter, as 
shown by the gasoline test. 

For large d 3 niamos and motors, over 50 horse 
power viscous neutral oils of 160 to 220 viscosity 
at 100° F. are suitable. These oils should be 
preferably straight distillates, have a flash test 
of 400° F., and be pure mineral oils, as shown by 
the tests just given for purity. 

Transformer Oil 

The function of a transformer oil is to act as 
a non-conductor, chiefly between the primary and 
the secondary coils, and to carry off the large 
amount of heat generated by reason of the elec¬ 
trical resistance in the coils. To be able to main¬ 
tain the proper dielectric conditions, the oil must 
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be absolutely free from acid, alkali and mineral 
salts, and free from any trace of moisture or me¬ 
chanically suspended impurities. 

Even one part of water in 100,000 parts of oil 
greatly reduces the dielectric strength of the oil. 
For use in high tension transformers the oil is 
subjected to a test of 30,000 volts. The suspended 
water is usually removed by filter-pressing; for 
example, through several hundred thicknesses of 
blotting paper. Water can also be removed by fil¬ 
tering through freshly burned lime. A simple 
method for testing for the presence of water in the 
oil is by shaking the oil with a little anhydrous 
copper sulphate. The white powder turns blue if 
there is a trace of moisture present. The anhy¬ 
drous copper sulphate can be prepared for use by 
gently heating a little of the ordinary blue copper 
sulphate so as to drive off the water. The pres¬ 
ence of water in any appreciable amount can also 
be detected by heating a quantity of the oil in a 
test tube immersed in a boiling salt-water bath. 
If water is present in the oil a series of small bead¬ 
like bubbles will form on the surface of the oil 
where it is in contact with the tube. 

In order to circulate freely the oil should be of 
low viscosity, preferably a non-viscous neutral of 
80 to 120 or 140 viscosity at 100° F. The oil cir¬ 
culates by gravity or by means of a pump. The 
cold test should be below 20° F. 

Since the oil is subjected to high temperatures 
almost continuously, up to 100° C., the flash should 
be over 340° F. The oil should not lose over 0.2 
per cent, when heated at 100° C. (212° F.) for 6 
hours, and should not contain asphaltic or tarry 
matter originally or after heating for several hours 
in the presence of air at 260° F. The gravity should 
be above 32° Be. 

Rotary Converters 

The same type oil, or slightly heavier oils, are 
used as for heavy dynamos and motors. 

General Engine Lubrication 

For lubricating the moving parts of steam en¬ 
gines, other than cylinders and valves, a good 
grade of engine oil should be used. This oil is 
preferably a straight mineral oil distillate of 
400° F. flash test, 27° to 31° Be. gravity, and a 
viscosity of 180 to 260 at 100° F. For large en¬ 
gines with circulating oil systems, the viscosity 
need not usually be over 220 at 100° F., as an oil of 
lower viscosity can be used better with a circulating 
system which floods the bearings than without a 
circulating system, where the oil must be fed 
sparingly. The excess oil tends to cool the bear¬ 
ings and so maintain the viscosity of the oil. 

As more or less water comes in contact with 
the oil, it is necessary to separate out this water 
in the oil-filtering process. A good quality of fil¬ 
tered oil should therefore be used, and it should 
be protected in every way from other contaminat¬ 
ing oils. If an oil too high in fatty oil is used in 
the steam cylinder, some of this oil may finally 
work into the circulating oil supply and cause it to 
emulsify with the water to an objectionable extent. 
For large engine installations it is desirable that 
oils be tested for emulsification with water, and oil 
chosen which shows little emulsification. 

Steam Turbines 

Lubrication is usually by a gravity, or force- 
feed circulating, system which makes it possible to 
use a thin oil. High-grade, pale engine oils, known 


as viscous neutrals, are generally used. They 
should have a gravity of over 30° Be., be straight 
mineral oil distillates free from acids, and have a 
flash point around 400° F. Where an asphalt base 
oil is used the flash and gravity will not be so high. 
The oil should always be tested for its emulsifying 
properties, as the oil should separate readily from 
water in practice. 

In order to continue to separate from water 
properly and maintain a suitable viscosity without 
the development of acidity, the oils should be prac¬ 
tically free from sulphur. The nature of the sul¬ 
phur compounds is important. 

The oils should be non-carbonizing when tested, 
as for motor oils, and should be free from undis¬ 
tilled residue. In practice the amount of oil in the 
circulating system should be ample to prevent any 
great increase in the temperature of the bulk of 
the oil. Sulphur and continued high temperature 
of the oil tend to develop acids which would attack 
the bearings and cause emulsification. The maxi¬ 
mum working temperatures are ordinarily from 
130° to 140° F., but according to Herschel some of 
the more recent turbines run at 176° F. 

The oils have from 120 to 170 viscosity at 
210° F. The most important single test, after the 
viscosity test, is the emulsification test, which 
gives a better indication of the behavior of the oil 
in a circulating system than can be obtained by 
any physical or chemical tests. 

Shafting Lubrication 

For shafting a very heavy engine oil is neces¬ 
sary. Oils with a viscosity of 220 to 290 are suit¬ 
able. Generally oils from 220 to 260 can be used 
with satisfactory results. Oils have been used with 
a viscosity as low as 140 at 100° F., but this is not 
to be recommended. 

In order to prevent constant loss of power it is 
necessary that all shafting be aligned properly and 
lubricated thoroughly. The same oil can be used 
for shafting and for general lubrication, such as 
bearings and slides, but not for steam cylinder 
lubrication. 

Air Compressors 

On account of the great increase in tempera¬ 
ture when air is strongly compressed, it is usual to 
compress in two or more stages with intermediate 
cooling. If no radiation or cooling took place air 
taken at 60° F. and compressed under 60 pounds 
pressure would have a temperature of 339 F°. Sim¬ 
ilarly under 100 pounds pressure the temperature 
would be 486° F., and under 160 pounds the tem¬ 
perature would be 680° F. But as cooling always 
occurs, the real temperatures run considerably 
lower. 

On account of the high temperature, carboniza¬ 
tion tends to take place, as in motor oils, therefore, 
compressor oils should be tested for tendency to 
carbonize, or for sulphur, which seems to influence 
the amount of carbonization. For safety the oil 
should have a flash point well above 400° F. Only 
straight mineral oil distillates of low cold test and 
high gravity (above 30° Be.) should be used. A 
low viscosity oil is generally preferred, from 160 to 
200 for average pressures and 200 to 260 for high 
pressures. A simple test for comparing these oils 
is the amount of darkening or deposit (insoluble 
in gasoline) formed on heating to the flash point 
for several hours. There should not be much dark¬ 
ening or deposit. 
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If the oil is too thick it adheres to the valves, 
where it carbonizes from the dry heat. It is im¬ 
portant to use the minimum amount of oil and to 
use clean air. Low flash oils have caused a num¬ 
ber of explosions, so the oils might very well be 
tested for amount of loss under heat. 

Soapy water mixed with flake graphite is said 
to give good lubrication without causing sticking of 
valves, but it is necessary to feed oil just before 
shutting down to avoid rusting. 

For air-cooled compressors, as on locomotives, 
the temperatures get very high (up to 450° F., or 
even 560° F. at times). For such compressors it is 
necessary to use cylinder stocks, or cylinder oils. 

Pneumatic Tools 

Pneumatic tools such as drills, operated by com¬ 
pressed air, require oils of very low cold test on 
account of the drop in temperature of the expand¬ 
ing air. The cold test should be below 10° F., the 
gravity above 30° Be., and the viscosity should be 
low as determined at 100° F. 

Hoisting Ropes 

Hoisting ropes (metal) are lubricated with coal 
tar containing up to 20 per cent, of lime to neutral¬ 
ize the tar acids. A mixture of tar and engine oil 
is used, alone or mixed with graphite, mica or talc. 
The tar aids in the exclusion of water and so pre¬ 
vents corrosion of the metal. Solid fats and waxes 
also are used with oils for the same purpose. 

Mine Car Journals 

For the journals of cars, summer black oil of 86 
viscosity at 210° F., or winter black oil of 66 vis¬ 
cosity at 210° F. is generally used. The journals 
should be properly packed, should be inspe^ed and 
cleaned regularly, and should be protect^ from all 
gritty material as much as possible. Clean, thin 
greases, called “black dope,” are used to some ex¬ 
tent for car journals. 

Cutting Tools 

The oflice of cutting oil is to cool the cutting 
tool and at the same time lubricate the face of the 
tool. The pressure on the cutting edge is great, 
and no lubrication is possible or desired at this 
point. 

Mineral oils, such as kerosene oil or paraflln 
oils, can be used as cutting oils. They are more 
often compounded with 20 to 26 per cent, of fixed 
oil, such as lard oil or cottonseed oil, or even corn 
oil. Kerosene seems to work well on cast iron, but 
the presence of lard oil or some similar oil seems 
to make a cleaner, smoother and faster cut on steel 
and copper. The paraffin oil can be compounded 
with other fixed oil with similar results. 

Emulsions of water, soap and mineral oils, with 
or without soda, are also used for cutting purposes. 
These so-called soluble oils are made by combining 
soluble soaps with light mineral oils, such as 


paraffin oils. The soaps may be made from fats, 
rosin, etc. The product emulsifies permanently, if 
properly made, when brought into contact with 
water. This emulsion is also made by dissolving 
a suitable soft soap 'in water and then stirring in 
a mixture of lard oil and paraffin oil. The presence 
of the oils and soap tends to reduce the amount of 
rusting which might be caused by the water. These 
water soluble oils are better cooling agents than 
pure oil products on account of the fact that the 
heat absorbing capacity of water is about twice as 
great as that of oils. 

Special merit is claimed for the suspension of 
graphite in water known as “aquadag.” 

Where a purification system is used and the oils 
are available for re-use, the more expensive cutting 
oils can be used to advantage. 

Compiled from Lockhart’s American Lubricants. 
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11.0 
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.1209 
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12.0 
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.1218 

57.0 
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13.0 
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14.0 

.9722 

8.096 
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59.0 
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15.0 
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.1630 

16.0 
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7.986 

.1252 
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.1639 

17.0 
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7.931 

.1261 
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18.0 
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7.877 
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63.0 

.7254 
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19.0 
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7.825 
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64.0 

.7216 
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.1665 

20.0 
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65.0 

.7179 

5.976 
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7.721 
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24.0 
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25.0 
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35.0 

.8485 

7.065 

.1415 

80.0 

.6667 

5.549 

.1802 

36.0 

.8434 

7.022 

.1424 

81.0 

.6635 

5.522 

.1811 

37.0 

.8383 

6.980 

.1433 

82.0 

.6604 

5.497 

.1819 

38.0 

.8333 

6.939 

.1441 

83.0 

.6573 

5.471 

.1828 

39.0 ’ 

' .8284 1 

1 6.898 

.1450 

84.0 1 

1 

.6542 j 

1 5.445 

1 .1837 

40.0 ! 

1 .8235 1 

1 6.857 

' .1459 

85.0 1 

.6512 

i 5.420 

.1845 

41.0 

.8187 

i 6.817 

.1467 1 

86.0 I 

.6482 1 

1 5.395 

.1854 

42.0 1 

1 .8140 

6.777 

.1476 

87.0 1 

.6452 

1 5.370 

.1862 

43.0 1 

i .8092 1 

6.738 

.1484 1 

88.0 1 

.6422 

1 5.345 

.1871 

44.0 ' 

.8046 1 

6.699 

.1493 1 

89.0 

1 .6393 

i 5.320 

1 

.1880 

45.0 1 

1 .8000 

6.661 

1 

.1501 1 

90.0 

1 .6364 

1 5.296 

' .1888 

46.0 ! 

1 .7955 1 

6.623 

.1510 1 

91.0 

1 .6335 

5.272 

.1897 

47.0 j 

[ .7910 1 

6.586 

.1518 1 

92.0 

1 .6306 

1 5.248 

1 .1905 

48.0 ' 

' .7865 1 

6.548 

.1527 1 

93.0 1 

1 .6278 1 

1 5.225 

1 .1914 

49.0 

1 ’-^21 

6.511 

.1536 1 

94.0 1 

1 .6250 I 

I j 

' 5.201 

1 .1923 

1 

j 

50.0 

! .7778 1 

6.476 

j 

.1544 1 

1 

95.0 1 

1 .6222 , 

5.178 

: .1931 

51.0 

1 .7735 

6.440 

.1553 1 

1 96.0 1 

1 .6195 ] 

1 5.155 

.1940 

52.0 

' .7692 1 

6.404 

.1562 1 

97.0 1 

1 .6167 1 

1 5.132 

1 .1949 

53.0 1 

1 .7650 1 

6.369 

.1570 1 

98.0 1 

1 .6140 1 

! 5.110 

.9957 

54.0 1 

1 .7609 1 

6.334 

.1579 I 

99.0 j 

1 .6114 1 

1 

5.088 j 

1 .1966 

55.0 

1 

1 .7568 1 

I 

6.300 

.1587 1 
1 

100.0 1 

1 .6087 1 

i 1 

5.066 1 

1 

.1974 


•Chicagro Pneumatic Tool Company. 
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OILS AND GREASES. 


ADAM COOK’S SONS. 


ADAM COOK’S SONS 

708-710 Washington St., NEW YORK, N. Y 

Manufacturers of 

Albany Lubricating Products 


Mtitiiif Point 
of 

Albany Grease 


Hl90 No. XXX 


Products 

Everything in the line of lubricants to 
meet regular and special requirements, pur- 
poses and conditions—including Albany 
Grease, Cook's Lubricant, Cook’s Cup |iSL3 
Greases and Albany Lubricating Oils. 

Albany Grease 

Albany Grease is a pure tallow cup a ^ 
grease. Unlike mineral-oil greases Albany •r^nd 
Grease is sensitive to temperature changes. 

It has suflScient body to retain its 
firm consistency in the cup, under any 
condition of room temperature, but when 
the need of lubricant in the bearing causes friction 
and the temperature rises, the grease in the cup 
melts and feeds an amount just sufficient to main¬ 
tain a condition of perfect lubrication. With the 
removal of the 
cause of bearing 
heat the grease in •*"" = HW 

the cup immedi- 1" 

ately stops feed- ^ ^ 

ing. -= ^190 No. XXX' 

This is why -| i- 

Albany Grease ^ ^ 

stands supreme in -i p- ro- no. xx ?■ n» 

economy, and as- i7ff-| i- 

sures the highest no. ra ^ ^ 

lubricating effici- -| f- »<>• ?5;-1' 

ency. Feeds only "*• * J ^ “■ Lm^ub 

as needed and is i5or-| ^ 

all consumed in -f 

doing useful work. i«r-| 

There is no drip— -| 

no waste. \ 

Because it is J 

absolutely pure, us) \ 

Albany Grease /no.% % 

does not deterior- 1 ikt-e 

ate and cannot -i 

spoil in storage or ^ 

shipment. It can -| 

be purchased in w-l 

barrels and used or No. 1 I l-p. 
to the last drop. 

Albany Grease 
can be used in any I 

grease cup or bear- (jAn 

ing cap, and is 
made in a full 

range of consist- Fahrenheit 

encies to afford a grade which will give fully satis¬ 
factory service under any temperature conditions— 
in a refrigerating room or over a boiler. It will 
save you from 25 to 80% of the cost of lubricating 
with average greases. 

Put up in 6, 10, 26 and 60 lb. cans, kegs, half¬ 
barrels and barrels. 


A MARK 
knovm and raapaclad 
around the world 
- Since 1868 •“ 
for fair dealmq, 
a quality product 
and an 

iinexcelied service 


Fahrenheit' 


Cook’s Lubricant 

1 $^ A pure mineral-oil grease, especially 

compounded for the lubrication of gears, 
^ezR^ chain belt drives, axle bearingrs of mine and 
industrial cars, the transmission and dif- 
ferential gears of motor cars, etc. 

Cook's Lubricant possesses certain char- 
acteristics absolutely essential to such 
RK service—the unusual quality of adherence 

cannot be thrown off, no matter how 
high the speed. 

It will not pack or channel, but closely 
follows gear-teeth and chain links, allowing 
them to engage easily, and always maintain¬ 
ing a cushion of lubricant between contact surfaces. 

Made in three consistencies—soft, medium and 
hard—and packed in 6,10, 26 and 60 lb. cans, kegs, 
half-barrels and barrels. 

Mine Car Lubricant 

Cook’s Mine Car Lubricant (soft consistency) 
is the ideal means of cutting down lubricating costs, 
reducing fric- ^ ™ 

tion and saving i... .ly I 

power. Cars I 

require less ] Hl_ 

attention and 
give longer 
service. You 

save a thou- »» 

sand times the i 
cost of good 
lubrication in . M 

lessened depre- cook’s Lubricant admits no superior 

lubrication of mine car axles, of 
CiatlOll. either floating, roller-bearing or other type. 

Cook’s Cup Greases 

Mineral-oil-base greases for general use where 
the service does not justify the use of the more 
efficient, but more costly Albany Grease. Made 
in a complete range of consistencies or densities. 
Albany Lubricating Oils 

All-Pennsylvania base oils, of low carbon con¬ 
tent and high lubricating efficiency. Available in 
grades for steam and air cylinders, oil cups, ring 
oiled bearings and other uses, on all mine and mill 
machinery. 

Reputation 

Albany Lubricating Products have been fric¬ 
tion’s most consistent enemies since they were first 
manufactured—1868. They are noted for their 
quality, honest efficiency and dependability. We do 
not make the cheapest, but we do claim there are 
none superior. 

They bring lower operating costs, less deprecia¬ 
tion, and efficient continuous service. We invite 
your inquiries and will gladly help you solve your 
lubricating problems. 

Albany Lubricating Products may be secured 
from reliable dealers or direct. We will furnish 
samples free of expense. 
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STANDARD OIL COMPANY. 


OILS AND GREASES. 


STANDARD OIL COMPANY 

(INDIANA) 

910 So. Michigan Ave., CHICAGO, ILL. 

Manufacturers of 

Lubricating Oils and Greases 


Products 

Superla Mine Car Greases, Ario Grease, Omega 
Grease, Superla Cylinder Oils, Superla Steam Tur¬ 
bine Oil, Superla En^ne Oils, Ario Compressor 
Oil, Superla Dynamo Oil, Superla C & G Compound. 

Superla Mine Car Greases 

Superla Mine Car Greases are made in three con¬ 
sistencies to meet Hie requirements of every make 
and type of wheel and axle in use on mine cars. 

They are— 

1. Superla 18 Grease 

2. Superla 39 Grease 

3. Superla 57 Grease 

Superla Greases possess unusual lasting quali¬ 
ties. One filling will last from one to six months, 
depending upon the type of wheel, the condition of 
the wheel, and the service required of the car. Su* 
perla Greases are not affected by water. They are 
not affected by acid, or the gases that may be 
present in the mine. They effectively seal the bear¬ 
ings and protect them from outside action. 

Superla Greases will not harden nor erum. They 
wiU not separate nor break down by continued pres¬ 
sure, but will allow a free rolling of the wheel. 
Superla Greases work readily in any type of mine 
car grease-gun. 

Ario Grease 

A very soft grease or non-fluid oil with good 
cold test, manufactured especially for the lubrica¬ 
tion of valves and pistons of air operated tools, 
such as stopers, rock drills, jackhammers, etc. It 
will not blow out of working parts, yet it is free 
enough to feed in the presence of wet air or water, 
and keep the high speed, closely fitted parts work¬ 
ing at the highest efficiency. 

One filling of the air tool with this grease will 
lubricate it better, and four or five times longer, 
than ordinary grease, castor machine oils or black 
oils. 

This grease is especially adapted for the lubri¬ 
cation of high speed silent chains, bearings subject 
to water conditions, or where excessive vibration 
throws off oil, also punches and dies on alloy steels. 

Omega Grease 

Slightly heavier in body than Ario Grease but 
having the same general characteristics. It is 
especially adapted for the lubrication of rock drills 
of the wet type and can readily be packed in the 
cartridge and grease receptacle which is used with 
some (Mils. 
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It also affords excellent lubrication for slow- 
speed, silent chains, comb boxes, cam shafts, 
shaker screens and vibrators, bearings subject to 
excessive vibration, eccentrics and rocking motions. 

Superla Cylinder Oils 

Superla brands of steam cylinder oils represent 
a complete line of steam engine, cylinder and valve 
lubricants of the highest order. These oils are 
made in grades suitable for any steam condition 
from low pressure to high pressure and superheat. 

Superla Turbine OU 

A steam turbine lubricant which will reduce 
friction to a minimum. Does not emulsify nor mix 
with water. Has a ve^ low rate of consumption. 
A light oil with very high lubricating value. 

Superla Engine Oils 

Made in shades suitable for any class of contin¬ 
uous circulating lubrication, or gravity feed cups; 
for engine bearings and general machine lubrica¬ 
tion. Will separate readily from water and filter 
perfectly. 

Ario Compressor OU 

Suitable for intermediate and high pressure air 
compressors of the plate valve or poppett valve 
type. The use of this oil will eliminate trouble 
from carbon deposits in compressor or receiver. It 
is very economical in use because it will go much 
further than ordinary air compressor oils. 

Superla Dynamo OU 

Especially manufactured for all l^es of elec¬ 
tric motor and dynamo bearing lubrication. The 
use of this oil will extend the life of these important 
bearings, needing less attention and less frequent 
renewd. 

Superla C & G Compound 

This pnxluct is a dark, adhesive compound ei^e- 
cially developed for use on gears, cables and chains. 
It will not gum or pack on the gear teeth. Makes a 
suitable protection for wire ropes and cables. 

Service 

This company manufactures lubricants for aU 
kinds of mine equipment. We maintain a corps of 
specially trained lubricating engineers who are 
able to determine the correct lubricant and devise 
the most economical method of its application to 
mine machinery. This advisory service is free and 
at the disposal of any mine regardless of size. 
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Atlas Powder Co. 

Du Pont, E. I., De Nemours Co., Inc 
Ensign-Bickford Co., The 
General Explosives Co. 
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Hercules Powder Co. 

Illinois Powder Mfg. Co. 
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EXPLOSIVE DATA. 


EXPLOSIVES 

By Robert M. Black.* 


It is natural to associate explosives with de¬ 
struction, but their use in construction and up¬ 
building has been a large factor in the history of 
civilization. They have been essential in making 
the excavations for many railroads, canals, and 
buildings, they have assisted in agriculture, they 
have made quarry work easy, they have limited 
conflagrations and they have made possible eco¬ 
nomical mining. 

Primitive mines appear to have been surface 
accumulations of gems or minerals, which were 
loosened with pointed sticks. The ancients later 
used alternate applications of fire and water to 
loosen the valuable mineral, or rock containing it. 
Such methods could not produce a quantity of 
mineral sufficient to meet the growing demands. 
Nor did the best of the early methods penetrate 
beyond very shallow depths, unless the material 
happened to be exceptionally rich and easy to 
work. While there are some substitutes for ex¬ 
plosives now used in a limited way in mining prac¬ 
tice, still the history of mineral production shows 
the dependence of the industry on explosives. In¬ 
creased use has brought about improvements in 
composition, in facilities for use, in safety and in 
cost, most of which development has taken place 
within comparatively recent times. Explosives are 


to be credited not only with the large production 
of mineral generally, but also with the entire pro¬ 
duction of certain minerals that occur under con¬ 
ditions rendering them difficult or impossible of 
winning Otherwise. Practically all the coal mined 
in the United States is broken from the seam by 
the use of explosives. 

The oldest explosive is believed to be gunpow¬ 
der, but the date of its invention and the name of 
the inventor remain uncertain. A document still 
preserved at Florence, Italy, relating to the manu¬ 
facture of cannon, refers incidentally to gunpow¬ 
der. The date, February 11, 1326, marks the first 
unquestioned reference to the use of gunpowder 
in Europe. Roger Bacon, the English philosopher, 
who lived in the thirteenth century, writes of a 
mixture composed of saltpeter, charcoal and sul¬ 
phur in proportions similar to those of gunpowder, 
“producing noise like thunder and flashes like 
lightning”. It seems to have been regarded at that 
time as a curiosity, and its applications to useful 
work were unknown. There is some reason to 
refer the invention of gunpowder back to more 
ancient time, when, according to the views of some, 
the Chinese, Greeks and other races had substances 
resembling it, but the evidence is by no means 
conclusive. 


DESCRIPTION OF EXPLOSIVES 


An explosive is defined as a substance cabbie 
of extremely rapid decomposition into a relatively 
large volume of gases under the action of either 
heat or shock. Combustion is the union of any 
element with oxygen, a familiar example of which 
is the burning of wood, the carbon of the wood 
uniting with oxy^n to form gases. The gases in 
this case are formed slowly, and have abundant 
opportunity to pass off into the atmosphere with¬ 
out disturbance. If the rate of formation of the 
combustion gases is rapid, and if^he volume of 
such gases is much greater than can be contained 
in the space formerly occupied by the combustible 
substance, then the pressure on the inside of the 
space containing the gases is so great that the 
enclosing material is ruptured and fragments are 
thrown to varying distances. The pressure is 
further increased by the heat of combustion ex¬ 
panding the gases formed. * 

Gunpowder 

The essential feature of an explosive being the 
production of a large volume of gases from a small 
volume of the substance, materials have been 
sought that would give the most efficient results. 
While oxygen from the air is sufficient to support 
ordinary combustion, the supply is not great 
enough to produce the volume of gases necessary 
to do the work of an explosive. Some source of 
concentrated oxygen is, therefore, required, and 
for this purpose, saltpeter, or potassium nitrate 
(KNO,), suggests itself. This substance is found 


in nature in various places on the globe, but it 
seems to have been observed originally in India, 
and for that reason is sometimes known as India 
saltpeter. The substance selected for the com¬ 
bustible was charcoal, which is composed chiefly 
of the element carbon. In the process of combus¬ 
tion, charcoal contributing carbon and saltpeter 
contributing oxygen, gases composed of carbon and 
oxygen atoms are formed, chiefly carbon dioxide 
(COj), but with some carbon monoxide (CO) 
where combustion is incomplete. The problem was 
to start the combustion. Carbon and oxygen do 
not unite at ordinary temperatures, but only at a 
high temperature. To obtain the heat most easily, 
sulphur was added to the mixture. Sulphur bums 
readily, and in doing so, produces a temperature 
sufficiently high to effect the union of carbon and 
oxygen atoms. The mixture described is known as 
gunpowder, because it was early applied to use in 
guns. The standard proportions for the ingre¬ 
dients are 75 parts potassium nitrate, 15 parts 
charcoal and 10 parts sulphur, all in terms of 
weight. 

It is necessary that the ingredients be thor¬ 
oughly mixed, in order that each particle of com¬ 
bustible may have as close to it as practicable a 
particle of oxygen. The nitrogen of the potassium 
nitrate is liberated as gas, and the potassium com¬ 
bines with the sulphur to form potassium sulphide 
(KjS), a solid product, approximately one-third 
the volume of the gunpowder, 

^Associate Professor of Mi^^infr University of Pittsburgh. 
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Ocher nitrates than potassium nitrate might 
meet the requirements for supplying oxygen, and 
efforts have been made to find an efiicient substi¬ 
tute, which would at the same time have the ad¬ 
vantage of being cheai)er. About 1870, sodium 
nitrate (NaNO,) was first used, and found to be 
successful from these standpoints, where its prop¬ 
erty of absorbing moisture was not detrimental. 
As this substance came chiefly from Chile, it has 
been known as Chile saltpeter. For use in guns, 
the potassium nitrate powder is preferred, because 
it keeps drier, and therefore, in better*condition 
for use after long i)eriods of preservation. 

Black Blasting Powder 

For a blasting powder, either of the two salt¬ 
peters may be used, but the consideration of econ¬ 
omy favors the sodium nitrate. Powders made 
from either saltpeter are known commonly by the 
name of black powder, or blasting powder, that 
containing potassium nitrate being usually desig¬ 
nated by manufacturers as “A”, and that contain¬ 
ing sodium nitrate as ''B”. When sodium nitrate 
is used, the proportions of the mixture are slightly 
different, namely, 73 parts sodium nitrate, 16 parts 
charcoal, 11 parts sulphur. The difference is due 
chiefly to the fact that the oxygen content of so¬ 
dium nitrate is greater than that of potassium ni¬ 
trate. In each case, the intention is to provide just 
enough oxygen to consume the carbon and sulphur. 

r“A” BLASTING POWDER ! 



Fig. 1—Sizes of "A” Blasting: Powder. 
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Blasting powder is marketed in granular form, 
“A” powder. Fig. 1, usually in seven different sizes, 
and “B” powder. Fig. 2, in the same number, each 


“b” blasting powder I 



FIs. 2—Sites of **B** Blasting Powder. 


size being designated by one or more letters. In 
general, the sizes of “A” and “B” powders do not 
correspond, the “B” averaging larger than the "A”. 

The powdqf is packed in sheet steel kegs, 
usually of 25 pounds capacity, although the use of 
fibre for the material of the container is also in 
favor. The chief advantage of the latter is that it 
is a nonconductor of electricity, and is, therefore, 
safer for transportation in cars hauled by electric 
locomotives. If the powder is received in metal 
containers, it may be transferred to fibre contain¬ 
ers, provi^ with bail handles and designed spec¬ 
ially for such transportation. The latter are known 
as electrical pails, and are used for other explo¬ 
sives, as well as blasting powder. The same ma¬ 
terial has been employed in making powder flasks 
for the individual miner, these being of the maxi¬ 
mum capacity permitted by law, usually five 
pounds. 

The sizes of powder are carefully separated at 
the factory, and grains of one size o^y are shipped 
in one container. The chief purpose of this pre¬ 
caution is to insure, as far as possible, uniformity 
in rate of burning. If ^ains of different sizes were 
mixed, the smaller grains would bum more quiddy. 
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and tend to throw the larger grains in an unbumed 
or incandescent state out of ^e hole. Under some 
circumstances, the result would be only a waste 
of the larger grains, but if explosive gas were pres¬ 
ent, as is often the case in coal mines, the danger 
of igniting it would be very gr^t. Another advan¬ 
tage of uniform sized grains is the standardizing 
of results, which makes i^ssible the selection of 
powders suited to certain requirements. The 
grains are usually glazed with graphite to render 
them more impervious to moisture. Fine grained 
powders are quicker, and tend to shatter the ma¬ 
terial more, while coarse grained powders are 
slower and have more of a lifting effect. 

Chlorate Powder 

Oxygen may be obtained from other compounds 
beside nitrates, and many efforts have been made 
to adapt such substances to iise in explosives. 
Some success has been attained with potassium 
chlorate (ECO.), but the liability of this sub¬ 
stance to explode on slight friction has prevented 
its general use. Methods have been devised, how¬ 
ever, of restricting this tendency by mixing with 
certain other substances, such as starch, and the 
results have been satisfactory. 

Nitroglycerin 

Oxygen may be made to unite chemically with 
certain substances by treating the substances with 
nitric acid (HNO.). The nitric acid is manufac¬ 
tured from either of the saltpeters, and contains 
the same quantity of oxygen as the salt^ter. One 
substance frequently tr^ted with nitric acid for 
this purpose is glycerin, C,Hs(OH)„ the result of 
the nitration being a compound known as nitro¬ 
glycerin, C.H,(NO),. In this process, sulphuric 
acid is first run into nitric acid, then glycerin into 
this mixture, the heat of the reaction being dissi¬ 
pated by careful stirring and sometimes artificial 
cooling. The nitroglycerin formed is separated 
from the acid by pouring into cold water, and is 
then purified. 

Nitroglycerin is a colorless, oily liquid with spe¬ 
cific gravity about 1.6. It freezes at a temperature 
of about 65® F., and is evaporated by heating, but 
at 306® F., explodes by reason of the temperature 
alone. It is poisonous to the human system in¬ 
ternally and externally, but the danger from con¬ 
tact poisoning diminishes with continued handling. 
It is exploded ordinarily by shock, and is very sen¬ 
sitive to shocks; therefore, is especially dangerous 
to handle. In the liquid condition, it is little used, 
but when associated with certain solid substances, 
its properties may be employed with reasonable 
safety. Nitroglycerin is among the most important 
of all explosives commercially. 

There are two general classes of explosives, rep¬ 
resented respectively by gunpowder and nitrogly¬ 
cerin, and known as low and high explosives on 
account of the difference between their effects. The 
same classes are known as deflagrating and deto¬ 
nating explosives, because of the manner of their 
ignition. High explosives are more rapid and more 
powerful than low explosives. 

Dynamite 

Nitroglycerin is used most in connection with 
an absorbent material, or dope, such as wood meal 
or infusorial earth, and the mixture is known as 
dynamite. Its specific gravity is about 1.4. Dyna- 
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mite possesses the properties of nitrogylcerin, but 
is safer to transport and handle than the liquid. 
Dopes may be inactive, as those mentioned above, 
or they may be active, and contribute to the ex¬ 
plosion of the dynamite. An example of active 
dope sometimes used is gunpowder. Dynamite and 
other nitroglycerin mixtures are graded accord¬ 
ing to their strength by percentages of nitrogly¬ 
cerin, or its equivalent, present in the mixture. The 
usual range is from 15 per cent, to 60 per cent. 
Fur purposes of comparison, the United States Bu¬ 
reau of Mines has adopted as its standard straight 
dynamite a mixture of 40 per cent, nitooglycerin, 
44 per cent, sodium nitrate, 15 per cent, wood pulp 
and 1 per cent, calcium carbonate. 

For commercial use, d 3 mamite is packed in 
paraffined paper cartridges, 8 inches long and 
usually 1% or IVi inches in diameter. The cart¬ 
ridges are packed in wooden boxes, each contain¬ 
ing 25 or 50 pounds. 

The products of combustion of 200 grams of 
standard dynamite are stated as follows:* 


PBOSVOTS or O OMBX rSTlOB TBOM 000 OBAODi OT 
TKB BXrBOSZVa 

Grams. 

Solid . 71.7 

Liquid (water) . 14.5 

Gaseous . 88.4 

Oassous Prodnets of Oomlmstlon 

Per cent, 
by volume. 

Carbon dioxide . 51.4 

Carbon monoxide . 5.0 

Hydrogen . 8.8 

Methane . .8 

Nitrogen . 41.1 


100.0 

Solid Prodnets of Oomlmstioii 

Per cent. 

Soluble (sodium carbonate) . 70 48 

Insoluble (calcium carbonate, trace of unburned car¬ 
bonaceous matter, and carbonates and oxides of 
copper, iron, and tin) . 80.57 

100.00 

OA8BOV8 raODVCTSOP COMB ITSTIOir PBOM 800 OBAltS 
OP TXB SXPXiOSXYa A CT lU A OSAIIS 
or PAPPB WBAPPBB. 

Per cent. 

Carbon dioxide .. 87.8 

Carbon monoxide . 80.0 

Hydrogen . 18.0 

Methane . 4 

Nitrogen . 87.4 

100.0 


Guncotton 

If cotton is treated with nitric acid in a manner 
corresponding to the treatment given the glycerin, 
there results a substance, guncotton, or nitrocellu¬ 
lose, which is highly explosive. The chemical pro¬ 
cess is essentially a replacement of the hydrogen 
in the cotton by nitrogen and oxygen, this provid¬ 
ing the oxygen necessary for burning the substance 
with explosive rapidity. Another high explosive, 
similar to guncotton in its composition and manu¬ 
facture, is nitrostarch, made by nitrating starch. 
Blasting Gelatine 

A solution of guncotton in nitroglycerin makes 
a gelatinous substance, known as blasting gelatine, 
which is an extremely quick and powerful explosive, 
inasmuch as the carbon that would be left after 
explosion of the guncotton alone is consumed by 
the oxygen that would be left by the explosion of 
the nitroglycerin alone. The strength of blasting 
gelatine is rated at 100 per cent. The mixture of 
blasting gelatine with an absorbent dope is known 
as gelatine dynamite. Either form is considered 
to be especially suited to blasting under water. 

Dynamite and other nitroglycerin mixtures 
must be thawed when frozen, because in the frozen 


^Bulletin 15. U. S. Bureau of Mines, pace 178. 
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condition, they are less susceptible to detonation, 
but more susceptible to ignition by friction. By 
the addition of certain chemicals to a nitroglycerin 
mixture, the freezing point may be greatly reduced, 
and thawing rendered unnecessary. There are 
many such low freezing explosives on the market, 
but no claim is made for them that they will not 
freeze at any temperature. 

Fulminates 

One subdivision of the high explosive class, 
known as fulminates, is important on account of 
their application in igniting other explosives. They 
are prepared by first treating certain metals with 
nitric acid, and then the resultant solution with 
alcohol. This type of explosive is extremely sen¬ 
sitive to heat or shock. The metal most frequently 
used as the basis of a fulminate is mercu^. The 
mercury fulminate is especially convenient for 
communicating to charges of dynamite or other 
high explosive the shock necessary for ignition. 

Comparative Strengths of Blasting Explosives* 

In the course of its investigations of blasting 
explosives, the U. S. Bureau of Mines (Bull. 48) 
has made tests to determine the potential energy, 
the disruptive effect and the propulsive effect of 
some of the explosives in common use. The po¬ 
tential energy was measured by means of the bomb 
calorimeter in water. The disruptive effect was 
measured, using the Mettegang recorder, detonat¬ 
ing fuse, Trau^zl lead blocks and small lead blocks. 
The propulsive effect was measured ih the Bichel 
pressure gage and by means of the ballistic pendu¬ 
lum. The tabulated results are given herewith, to¬ 
gether with the approximate composition of typical 
examples of the various explosives. The percent¬ 
ages figured are rated against the effect of 40% 
straight nitroglycerin dynamite taken at 100 per 
cent. 

The figures are fairly consistent with general 
practice, and it is believed that the classification 
will serve as a useful guide for comparing the prac¬ 
tical value of explosives. It is worthy of note that 
the potential energy of 40% strength ammonia dy¬ 
namite and of 40% strength gelatin dynamite, that 
is, the theoretical maximum work that these ex¬ 
plosives can accomplish, is higher than that of 40% 
straight nitroglycerin dynamite, but that the dis¬ 
ruptive and propulsive effects, which represent the 
useful work done as shown by actual tests, are less. 


Accordingly, straight nitroglycerin dynamite is 
more economical for general use in blasting oper¬ 
ations if the conditions and character of the worx 
are such as to permit its use; nevertheless, the am¬ 
monia dynamite and the gelatin dynamite are more 
efficient and economical for certain kinds of work 
that require explosives having a large propulsive 
effect and a comparatively small disruptive effect. 
For example, in blasting soft rock, 40% straight 
nitroglycerin dynamite, which has a very high per¬ 
cussive force, may be too quick in action, whereas 
the ammonia dynamite or the gelatin dynamite 
having practically the same heaving and pushing 
action and less percussive force will be more suit¬ 
able. The tests also show that 60% strength low- 
freezing dynamite is not quite equivalent to the 
40% straight nitroglycerin dynamite. It is worthy 
of note that black blasting powder has little dis¬ 
ruptive effect, only about one-third that of granu¬ 
lated nitroglycerin powder. 

Means of Firing 

The simplest means of firing is a squib, a thin 
paper tube, about 6 inches long, one end of which 
contains a core of meal powder and the other a 
slow match. After the cartridges are in position, 
a copper, or copper tipped, needle a quarter of an 
inch in diameter is pushed into the outer end of the 
charge, as shown in Fig. 9. About the needle the 



clay tamping material is packed with a wooden 
bar. The needle is then withdrawn, leaving a pas¬ 
sage of its own dimensions from the outside of the 
hole to the powder. Into this hole the squib is 
placed. After the match is lighted. Fig. 10, a brief 
interval elapses before the squib is projected for¬ 
ward like a rocket and its flame ignites the powder. 


TYPICAL ANALYSES AND STRENGTHS OF COMMON BLASTING EXPLOSIVES* 


Straight nitroglycerin dj’namlto, 30 % . 

Straight nitroglycerin dj-naralte, 40 % . 

Straight nitroglycerin (^namlte, 50%. 

Straight nitroglycerin dynamite, 60 %. 

Low-freezing dynamite, 40%. 

I^-freezlng dynamite, 60 % . 

Ammonia dynamite, 40 % . 

Gelatin d>’namltp. 40%. 

Granulated nitroglycerin powd r. 5%. 

Black blasting powder. 

a Wood pulp, four and sulphur, 
b Wood pulp only, 
c Sulphur, coal and nsin. 

•Engr. and Min. Journal. 
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Ftff. 10—Drill Hole. Showing Squib Lighted. 

The squib has the advantage of cheapness, and 
usually of time saving, but is uncertain on account 
of possible caving of the needle hole. Another ob¬ 
jection is the danger of igniting explosive gases 
that may be present. 

To make the passage for the squib more sub¬ 
stantial, a blasting barrel. Fig. 11, is sometimes 



Fig. 11—Drill Hole, Showing Blasting Barrel In Place. 

used, which is a section of pipe of suitable length 
and diameter. The squib is used in the same man¬ 
ner as when the passage is formed by a needle. 
The blasting barrel is usually recovered after an 
explosion and used again. 

A second means of igniting a charge of powder 
is fuse, generally called safety fuse, Fig. 12, which 



Fig. 12—Drill Hole. Showing Fuse in Place. 

is a train of fine powder enclosed in hemp or cot¬ 
ton, covered with one or more layers of tape for 
the purpose of waterproofing. When lighted at one 
end, flame travels along inside the tube to the other 
end, where, if placed within the charge, it ignites 
the powder. Fuse usually bums at the rate of 1^^ 
to 2 feet per minute, and the rate is specified by the 
manufacturer. The blaster is thus enabled to esti¬ 
mate the length of fuse required to enable him to 
reach a safe place, and by cutting a fuse to proper 
length, may take more time than a squib would 
allow. The rate of burning cannot be guaranteed, 
however, as fuse may be subjected to injury that 
would interrupt the train of powder. It is advis- 
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able to make tests of the fuse in use for rate of 
burning. Failure of a charge to explode may be 
only temporary, and the flame may be started 
again on its path after an interval. Many lives 
have been lost by returning prematurely to investi¬ 
gate a delayed ignition. Fuse is prepared for con¬ 
ditions varying from dry to submarine, the differ¬ 
ence being mainly in the character of taping. The 
uncertainty of fuse and its tendency to flame are 
serious objections. 

A third method of ignition involves the use of 
detonators. It may be applied to low explosives, 
but is most used in firing high explosives and per- 
missibles, and is the only approved method of firing 
the latter. A detonator is distinguished from an 
electric detonator. The former is commonly called 
a blasting cap. A blasting cap (or detonator 
proper), as shown in Fig. 13, is a copper cylinder 



Fig. 13—Detonators. 

about a quarter of an inch in diameter and from 
IVi inches to 1% inches long, filled for about one- 
third to one-half its length with mercury fulminate 
or a mixture of mercury fulminate with potassium 
chlorate. The sensitiveness and other qualities of 
these substances have already been described. The 


Fig. 14—Fuse and Detonator. 


other end of the detonator is left open for inserting 
the end of a fuse, which, when lighted, conveys 



flame directly to the mercury 
fulminate or other composition. 
The ignition of this substance 
produces a shock that is ample 
to detonate completely the 
charge of high or permissible 
explosive. In the attachment of 
fuse to blasting cap. Fig. 14, it 
is desirable to have a tight fit, in 
order to maintain their relative 
position, but not so tight as to 
break the powder train inside 
the fuse. The best and safest 
means of attaching is a crimper 
designed for the purpose. The 
crimper is often combined with 
a fuse cutter in one tool. 

An electric detonator, or 
electric blasting cap, serves the 
same purpose as the detonator 
or blasting cap used with fuse, 
but is so constructed that it can 
be fired by discharging an elec- 
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IP. 


trie current through it. It consists, as 
shown in Fig. 15, of a copper shell, contain¬ 
ing at its inner end the charge of mercury 

fulminate, followed sometimes by ■ 
guncotton, next a waterproof 
plug and at the outer end a 1. 
quantity of filling material. In- I 
sulated copper wires enter the L 
cap and traverse the filling ma- I 
terial and plug, terminating in I' 
the fulminate or guncotton. The I 
ends, or posts, of the copper wires v 
are connected by a platinum h| 
bridge, which is heated to incan- |||j 
descence by the electric current, JH 
thus exploding the charge. De- 
tonators, whether electric or nut, p| 
are designated by numbers, each ^ 
number representing a different 
strength. No. 6, for example, ’:9 

contains 1.00 gram of-the charge. \ 9 

An electric squib, Fig. 16, has 9 
been designed to replace the ordi- 
hary type of squib when blasting 

P powder is used. It is a paper shell, Beetric 
containing a composition that Squi 
flames when the electric current l^ciuor 
Fig. 17 passes through it, and thus ig- 
'^ETec'tiTo^'nites the blasting powder. It is ’ 
Detonator, mstantaneous, avoids the fumes that 
would come from an ordinary squib and is safer. 



PMc. 18—Prlmlnc a Cartridge at the Bnd. 
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If it is desired to fire several shots in succession, 
detonaton may be used that are provided with 
different lengths of a slow burning composition 
and are all connected in one electrical circuit, ^us, 
the order of shots and the time between any two 
consecutive shots may be arranged at w^, only 
one electrical impulse being requir^ for ignition 
of all. The method is not in general use, however, 
in coal mining. 

Primer 

In the use of high or permissible explosives, 
only one of the cartridges, usually the outer one of 
a charge, is in direct contact with a detonator. Tins 
cartridge is known as the primer. Fig. 17. The 
preparation of the primer is shown in Fig. 18. 

After the fuse has been inserted into the end 
of the detonator and the latter crimped on the fuse, 
the cartridge wrapper is unfolded at one end and a 
hole is punched in the end of the cartridge by 
means of a wooden stick. The detonator is imbed¬ 
ded in the explosive material as far as the crimp¬ 
ing. Then the loose paper is folded about the fuse 
and tied with a string. 

Another method. Fig. 19, involves the punching 
of a hole diagonally in the side of the cartridge and 



Fig. 19—Priming a Cartridge at the Side. 


inserting in it the detonator, binding the fuse to 
the outer surface of the cartridge with a string. 
This method is not so generaUy accepted, because 
of the liability of damage to the fuse through 
abrasion or bending, also because the gr^teet 
shock from a detonator is in line with its axis mid 
away from the fuse or wires. The method of pass¬ 
ing fuse entirely through a cartridge is a danger- 
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OU8 one, since bends or breaks miqr thus occur in 
the fuse, and the explosive may be burned, instead 
of detonated. 

When electric detonators are used, the primer 
is prepared similarly, with detonator either in the 
end or side. Some users recommend the side 
method for electric detonators, but the practice is 
by no means universal. A method that has been 
recommended for making a primer with electric 
detonator is shown in Fig. 20. The strength of the 



W\g, 20—Method of Priming with sneotiic Detonator. 


detonator should be adapted to the work required. 
One too strong is betirnr than one not strong 
enough. The use of No. 6 or stronger detonators 
is recommended for firing permissible explosives. 
Tests show that explosions are quicker and more 
complete, and consequently a smaller volume of 
poisonous gases is generated when such detonators 
are used. Also, unfavorable conditions, such as age 
of the explosive, are less effective. 

Tamping 

With the primer properly pre- 
p^d and placed in the hole out¬ 
side of the other carbridg^, damp 
clay or other incombustible ma¬ 
terial is tamped in upon the charge 
and around the fuse or electric 
wires extending to the mouth of 
the hole. The first six inches or 
so of tamping should be compara¬ 
tively loose, in order to avoid dis¬ 
turbing the charge and detonator, 
but the remainder should be pack¬ 
ed firmly, since the explosive gives 
better results on the coal when the 
resistance of the material in the 
drill hole is greater. A longitudinal 
section of the hole is shown in 
Fig. 21. Drill 



is. 31 
OX a Charged 


iharge 

Hole. 


Electrical Method of Firing 

The method of firing shots electrically has many 
advantages. First of all, it Is safer. The charge 
can only be ignited by the person who controls the 
electric current, and he does not incur the risk so 
common with fuse or squib of igmtion before he 
has reached a safe place. Delayed i^ition is prac¬ 
tically unknown when electricity is used. T!ie 
danger of igniting gas or dust from squib or fuse 
flame is absent. Fumes of burning fuse are elim¬ 
inated. Several shots may be fired simultaneously, 
thereby increasing the effect over that from firing 
the same shots separately. Electrical detonation 
of the eplosive is found to be more complete and 
efficient. 

Electric detonators may be obtained with wires 
from 4 feet to 20 feet in length. In any case, the 
wires should be long enough to extend at least a 
few inches out of the drill holes. At their ends 
good electrical connection is made to copper leading 
wires, which in turn are connected to the poles of 
the blasting machine. Leading wires may be two 
single wires or one duplex cable. In either case, 
they are thoroughly insulated. To connect the-elec- 
tric detonators in adjacent holes, when several are 
to be fired simultaneously, a smaller wire, known 
as connecting wire, is used, and the detonators are 



Fig. 22—Blasting Circuit Connected In Series. 


connected in series, as shown in Fig. 22. By this 
arrangement, the firing of all the detonators is as¬ 
sured, if one is fired. 

The electric current necessary is usually gen¬ 
erated with a blasting machine, often called a bat¬ 
tery. The machine is essentially a dynamo, in 
which the input is the blaster’s physical energy 
and the output is electrical energy. The average 
size of blasting machine for underground use 



Fig. 22—^Two-Post Blasting Machine. 
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Kig. 24—Pocket 
masting; Machine. 


stands about 15 inches high, weighs 20 to 25 
pounds and has a capacity for firing 20 to 30 elec¬ 
tric detonators simultaneously. Views of a typical 
two-post machine are shown in Fig. 23. An arma¬ 
ture, B, is set between two electro-magnets, A. A 
rack bar, the handle of which extends above the 
top of the box, meshes with a pinion, C, on the 
revolving armature shaft. When the rack bar is 
pushed down vigorously, a current is generated by 
the revolution of the armature between the electro¬ 
magnets. The strength of the current accumulates 
until it reaches a maximum when the lower end of 
the rack bar is at the bottom. At this stage, the 
rack bar presses down the contact spring, the cir¬ 
cuit through the magnets is broken and the cur¬ 
rent is discharged through the posts at the top, to 
which are attached the leading wires. 

Both larger and smaller blasting machines are 
on the market. A small one, designated as a 
pocket machine. Fig. 24, weighs 
only 4^/2 pounds, and has a ca¬ 
pacity of three detonators. The 
smaller size is especially conven¬ 
ient in coal mining because of its 
easier portability, and its capac¬ 
ity is equal to the ordinary re¬ 
quirements in such mines. Its 
general principles of construction 
and operation are the same as 
those of the larger machines. 

The handle is not pushed down 
for firing, as in the other types, 
but is turned about its axis with a vigorous twist. 
The fact that the handle is detachable makes the 
machine somewhat safer from unauthorized use. 

When blasting machines are used for firing, 
there are two tests necessary to make in order that 
the best results be obtained. One test is for the 
condition of the circuit, the other for the efficiency 
of the machine. 

The test on the circuit is made with a galvano¬ 
meter, preferably one of pocket size, designed ex¬ 
pressly for this purpose, which consists essentially 
of a magnetic needle and a dry cell battery, so 
weak that it incurs no risk of firing a detonator. 
The resistance of the circuit may be computed, 
knowing the resistance of the detonators and of 
the wire used. It may also be taken from tables 
prepared for the purpose. When the terminals of 
the system of wiring are connected to the posts of 
the galvanometer, the needle is deflected through 
an angle varying inversely as the resistance. Since 
the scale is graduated to measure the resistance in 
ohms, the reading may be compared with the com¬ 
puted resistance. Substantial agreement between 
the two indicates a satisfactory condition of the 
circuit. A reading lower than the computed value 
would probably be due to a short circuit, while one 
above the computed value would be regarded as 
evidence of a poor connection. By making similar 
tests on successive portions of the circuit, the 
faults may be located and remedied. 

The test,on the blasting machine is made for 
the purpose* of determining its capacity, which 
may vary with use. If more detonators than the 
capacity of the machine were put into a circuit for 
firing simultaneously, some would not fire, or per¬ 
haps none would fire. The instrument used for the 
test is a rheostat, which consists of a number of 
coils of wire, each with a known resistance, so 
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Fij?. 25—Use of lUieostat. 


arranged that any one or more can be connected 
into an electrical circuit. In making the test, as 

shown in Fig. 25, 
coils of the rheo¬ 
stat, R, with re¬ 
sistance equal to 
that of a certain 
number of electric 
detonators are 
wired into a circuit 
with a blasting 
machine and a 
single detonator. 
If the machine is 
now operated in 
the usual way, the 
consumption o f 
current is the 
same as if all the 
detonators were 
actually in the 
circuit. The firing of the single detonator, or the 
lighting of a lamp in its place would indicate that 
the machine had a capacity at least equal to the 
sum of all the resistances. By successive trials 
with different resistances, the maximum capacity 
could be found. 

Thawing 

Since many of the high explosives and many of 
the permissibles contain nitroglycerin, proper and 
safe methods of thawing are important. It is es¬ 
sential that the heat be moderate, because with 
increased temperature the explosive is more sen¬ 
sitive to slight shocks, and may even ba fired by 
high temperature alone. Some crude methods, 
such as carrying in the clothing, placing near a fire 
or soaking in hot water may be dismissed as ob¬ 
viously unsafe from 
a consideration of 
the properties of 
nitroglycerin. 

A simple method 
that is often prac¬ 
tical is the placing 
of the explosive, en¬ 
closed in a tight 
box, under a pile of 
fresh and warm 
stable manure. Fig. 
26. There is little 
danger, if any, of 
overheating, but 
care must be taken 










care must be taken 
^ ' to prevent moisture 


Fig. 2G—Thawing Box Surrounded 
with Manure. 


from reaching the 
explosive, and the 
pile must be re¬ 
newed at intervals, 
depending on the 
air temperature 
A considerable improvement is the thawing ket¬ 
tle, which has a capacity of 60 pounds of dynamite 
for the largest size In external appearance, it re¬ 
sembles a tin pail, but is composed of two parts, an 
outer shell for hot water and a tight inner com¬ 
partment, surrounded by the hot water and con- 

* “Shot Firing in (’oal Mlno.s by Electricity Controlled from 
Out.vi<h‘, ’ T«*( hnical T’aper lOS, Burenu of Mines. 

“Shot Firing in Coal Mines by Electric Circuit from the 
Surface.” Transactions American Institute of Mining Engi¬ 
neers, Vol. .50, p. 723. 

t“A Setback to Electric Shotfiring,” Coal Age, Vol. 2, p. 832. 
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taining the explosive. Sometimes insulating ma¬ 
terial is used to assist in 
retaining the heat. One 
type is shown in Fig. 27. 

It is essential for safety 
that the heating of the 
water be completed in an*- 
other vessel, before the 
water is placed in the 
kettle. The temperature 
should not be greater 
than can be borne by the 
hand. A modification of 
the kettle provides a galvanized iron tube for each 
cartridge to be thawed, as shown in Fig. 28, instead 

of placing the cart¬ 
ridges loosely in 
the inner compart¬ 
ment. By changing 
the water at inter¬ 


h'lK. 21 —Mitirr « Tfiaw uiM 
Kettle. 


vals, or by protect¬ 
ing against cooling, 
the explosive may 
be kept at a tem¬ 
perature suitable 
for use as long as 
is generally neces¬ 


Fij?. 2S—Tube Tbawer. 


sary. 


For thawing large quantities, a thaw house 
should be erected. An example of such a structure, 
about 6 feet square and 7 feet high, with capacity 
of 500 pounds of explosive, is shown in Fig. 29. 



Fig. 29—Thawing House. 


Exhaust steam is used for heat, and the steam coils 
are placed outside the compartment for explosives, 
in order to keep the temperature within safe limits. 
Hot water heat is sometimes used. 


Storage 

It is desirable to use explosives in as fresh a 
condition as possible, but at most mines the storage 
of a certain quantity is necessary, and for this pur¬ 
pose, magazines are provided. In no case should 
the storage space be in the mine. The important 


requirements are safety from ignition of the ex¬ 
plosive and preservation of the explosive in con¬ 
dition for use. 

Safety from ignition is attained chiefly by 
making magazines fireproof and bulletproof, as 
well as proof against thieves, by locating them at 
a distance from other buildings and frequented 
places, by using no metal in the interior of the 
magazine and by care in handling and piling the 
packages. Preservation of the explosive is accom¬ 
plished chiefly by ventilation, protection from the 
weather and maintaining of proper temperature. 
In no case should detonators of any type be stored 
in the same magazine with high explosives, al¬ 
though it is considered safe to store black powder 
and high or permissible explosives in the same 
structure, if different parts are assigned for each. 
A standard type of magazine is shown in Fig. 30. 



Fig. 30—Magazine. 

Brick walls with iron doors are usually con¬ 
sidered to make a fireproof structure, although a 
galvanized covering over wood is effective, par¬ 
ticularly when the space between is filled with sand. 
Fireproof construction should not be depended on 
entirely, but provision should be made for removal 
of the contents in case of fire near the magazine. 
Either of the above is bulletproof on the sides, and 
roofs are made so with sand packing. The maga¬ 
zine should be solidly built and provided with a 
secure lock. The proper distance from other build¬ 
ings depends on the quantity of explosive stored 
and the character of intervening ground, but laws 
bearing on this point aim to leave a safe margin. 
Floors and interior walls are of wood preferably, 
exposed nails or other iron or steel being avoided. 
In handling packages of explosives into and out of 
the magazine, the character of the explosive must 
be kept in mind; for example, dynamite must be 
handled so as to avoid dropping the cases, or allow¬ 
ing anything to drop upon the cases. Dynamite is 
preferably stored so that the cartridges have their 
long dimension horizontal, to reduce to a minimum 
the danger of nitroglycerin leakage. Powder kegs 
should be stored with the axis horizontal, in order 
to secure ventilation between the kegs. No pack¬ 
ages should be opened in or near a magazine. 

Ventilation is necessary in order to keep the 
explosive in normal condition. Too much moisture 
or too little moisture is likely to change the chem¬ 
ical composition of either class of explosives. Suit¬ 
able openings in the sides and roof of the building 
serve the purpose of ventilation. High explosives 
magazines are heated in cold weather much as 
thaw houses are heated. In summer, the ventila¬ 
tion serves to reduce the inside temperature. 
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Portable steel buildings are sometimes used as 
magazines. Many of the precautions that should 
be taken are rendered difficult by this type of con¬ 
struction, but for a temporary magazine they serve 
their purpose. For storing small quantities close 
to the work, covered iron wagons or low trucks are 
sometimes used. 


Accidents and Precautions 


Fatal accidents due to explosives in the bitumi¬ 
nous coal mines of the United States constitute 


about 6 per cent, to 7.6 per cent, of the total. Clas¬ 
sification of accidents from this source is given in 
the following table:* 


Handling and transportation. 

Handling caps, detonators, squibs and fuse.... 

Thawing explosives . 

Tamping . 

Premature blast and short fuse. 

Blown-out or windy shot. 

Plying pieces of rock or coal. 

Returned too soon . 

Delayed blast . 

Shot breaking through pillar or rib. 

Suffocation by powder gas. 

Striking unexploded charge In removing debris 

Drilling into unexploded charge. 

Unclassified . 


Per Cent. 
.. 16.79 

1.20 
.73 

2.97 
.. 24.87 

6.47 
.. 16.71 

7.97 
.90 

5.88 
3.45 

.08 

1.88 

.. 11.10 


100.00 

It is significant that a decrease in accidents 
accompanies an increase in the quantity of permis- 
sibles used. 


Many of the precautions necessary or advisable 
in the transportation, handling and use of ex¬ 
plosives have been mentioned in the pages preced¬ 
ing, and will not be repeated here. 

Transportation on the common carriers is con¬ 
trolled by the regulations of the 'Interstate Com¬ 
merce Commission and the rules of the American 
Railway Association. State and local laws govern 
the transportation elsewhere on surface and under¬ 
ground. 

The mining laws of the several states treat in 
more or less detail the handling and use of the 
explosives adapted to mining, and are valuable 
summaries of safe practice in the fields covered by 
them. 

All manufacturers of explosives are interested 
in having their products used safely, as well as 
successfully, and to this end have prepared lists of 
precautions for the guidance of their patrons. In 
addition, the Institute of Makers of Explosives has 
published a set of rules that should be observed 
faithfully in the interest of safety. 

K proper precautions are taken, such as would 
be dictated by ordinary prudence and suggested by 
the codes of rules named above, the handling of 
explosives is comparatively safe. 

•“Coal Mine Fatalities in the United States,” Bureau of 
Mines. 


NOTE —We are indebted to the following manufacturers 
for cuts and illustrations appearing in this article: 

Aetna Explosives Co., Inc. Davis Instrument Mfg. Co. 

Atlas Powder Co., E. I. du Pont de Nemours & Company, 

Hercules Powder Co. 


THEORY OF BLASTING' 


Conditions Influencing Results of Blasting 

Size and number of free faces; cohesive strength 
of the rock; structure of rock (massive, jointed, 
laminated, stratified, or fissured); strength and na¬ 
ture of the explosive; character of fuse and tamp¬ 
ing; whether the shot acts alone or simultaneously 
with others; whether the broken rock falls or must 
be lifted by the blast; form and size of chamber 
containing the explosive; proportion of length of 
least resistance to length of the hole, and to height 
of free faces. 

Rules for Blasting 

According to the crater theory) a charge in a 
mass of earth or rock with horizontal surface will 
blow out a funnel-shaped hole, the sides of which 
have a slope of 1 to 1 to the free face (Fig. 6). Dis¬ 
tance DB is the Line of Least Resistance L; hence 


the volume of the crater is V = 0.33 L X 3.1416 L* 
= L® (nearly). Hence general formula for volume 
of rock loosened is V = mL®. The figure from m = 
0.4 for tough soft rock, and 0.9 for hard brittle rock. 

If the hole is normal, as in Fig. 6, the charge 
may blow out tamping and fail to break; hence, 
hole should be inclined (Fig. 6), to reduce chances 
of a blow-out, as well as to increase the area of free 
face and volume of the rock broken. Limiting in¬ 
clination of drill hole is 45°. 

The greater the area of free face, the easier can 
rock be blasted. Fig. 7 shows the area of volume 
broken when there are two free faces (point G being 
uncertain) Fig. 8 shows area when charge is at un¬ 
equal distances from the two faces; shaded area 
will probably not be removed by the direct force of 
the blast, but may be broken indirectly. When two 
or more free faces are exposed, the longest line of 







^ Fig. 5. Theoretical Fig. 6. Theoretical Fig. 7. Hole Fig. 8. Hole With Fig. 9. Effect of Holes 
Crater, Normal Hole. Crater, Oblique Hole. With Two Free Two Free Faces. Fired Simultaneously. 

Faces. 


•Peele’s Mining Engineers’ Hand Book. 
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resistance should not exceed 1.6 L. To obtain the 
aid of gravity, L should be horizontal, and the long¬ 
est line of resistance vertical. 

L should be proportioned to size and diameter 
of hole. Table shown below gives the relations of 
the different dimensions. 


BBUITZOVS or BZAMBram An BBFTX or KOU ABB 
uw€»TK or un or bbast saaisTABoa 


Diam. of 
Hole, In. 

Depth of 
Hole, Ft. 

L, Ft. 

Diam. of 
Hole. In. 

Depth of 
Hole. Ft. 

L, Ft, 

1.25 

3.50 

3.50 

■m 

12.00 

6.00 

1.25 

5.75 

3.75 


5.00 

5.00 

1.25 

10.00 

5.00 


9.00 

6.00 

1.5 

4.00 

4.00 


14.00 


1.5 

7.50 

5.00 

■■ 




Fig. 9 shows the effect of blasting two holes 
simultaneously. If a and b are blasted separately, 
c would not break out; when blasted together c is 
broken if x is not too great. In average rock, x = 
1.5L to 2L; in weak rock, x should be about equal 
to L. 

Rock CoeflBcient 

For three free faces, use 0.66 P; for 4 faces, 
0.5 P; for 6, 0.4 P; for 6, 0.26 P. 

Size of Drill Hole for Charge 

If P = weight of explosive, lb; g = sp. gr. of 
explosive, and d = diameter of hole, ft.; then P = 
0.34 gd*. 

In general, experience and judgment are more 
useful in determining proper methods than the 
theories and rules above summarized. 

SFAOZBO or KOU8, OKABOBS ABB BBBUXiTB Or 
MAOHIBB-BBZU BBASTS* 



A. Dynamite. B. Black Powder, (a) 35 holes, (b) Holes 
sprung with 2 lb. dynamite, (c) Holes sprung, (d) 45 holes, 
(e) 60 holes; top holes .vertical, 26 ft. deep, (f) 75 holes; 2 
toe holes, one at 15* and one at 60* with vertical, 10 to 14 ft. 
deep, the former being 6 ft. away from and 2.5 ft. in front of 
latter, (g) Sprung 3 times, (h) First row 6 to 15 ft. from 
face; second row, 7 to 10 ft. from first row; about 2.5 lb. of 
75% dynamite and 6.25 lb. of 60% per hole, (i) Hole.s stag¬ 
gered. (j) 30 holes; holes at angle of 15* with vertical. Sprung 
with 3 lb. of dynamite. 


SPACZVO or H01.B S» OSABOB 8 AVD BBSXTBTB OF 
OSUBV-DBZAl. BZaASTS* 



A. Dynamite. B. Gelatin. C. Gelatin dynamite. D. Black 
blasting powder. E. Limestone. F. Sandstone. G. Porphyry. 
H. Basalt. I. Copper porphyry. J. Tough carbonate. K. 
Gravel. L. Ore and capping, (a) Average ft. per hr., 40. (b) 

Per hole, (d) Holes sprung with dualite. (e) Sprung with 
150 lb. of 40% dynamite, (f) Holes in 5 parallel lines: 1 centei 
line, 2 lines 10 ft. away; 2 lines 24 ft. from the center line. 
Holes staggered, 14 ft. apart, and chambered with 60% dyna¬ 
mite. Loading required 8 days, (h) Holes on center line, the 
first being 18 ft. from the face. Holes sprung with 15 sticks 
60% dynamite, then 55 sticks, then 275 sticks. Tamping, 
after springing, cost |12 to drill out. (i) Per hole. (J) Mostly 
dynamite 


CKABOB8 rom BOVUOSm BBASTlirO* 


Weight of 
Boulder, 
Lbs. 

Approx. No. of 1.25x8-in. 
cartridges (40-60% dyn. 

Weight of 
Boulder, 
Lbs. 

Approx. No. of 1.25x8-in. 
cartridges (40-60% dyn. 

Mud- 

Cap- 

ping 

Snake- 

Holing 

Block- 

Holing 

Mud- 

Cap¬ 

ping 

Snake- 

Holing 

Block- 

Holing 

500 

1.5 

1 

0.25 

4000 

4 

3.5 

1.25 

1000 

2 

1.5 

0.5 

5000 

4.5 

4 

1.75 

2000 

3 

2.5 

0.67 

7500 

6 

5 

2.5 

3000 

3.5 

3 

1 

10000 

8 

6 

8.5 


OHABOB8 V8BB ZH OKAXBBB ABB COYOTB BBA8T8* 




Rock 

Dyna- 

Black 

Jttdaon 

Lb per cu yd ] 

Case 

Rock 

loos¬ 
ened, 
cu yd 

mite. 

lb 

powder. 

lb 

powder. 

lb 

Dyna¬ 

mite 

Black 

powder 

Jttdsoa 

powder 

T 

Granite.... 
Porphyry.. 
Granite.... 
Limestone.. 
Sandstone . 
PnrW 

n o coo 
50000 
80000 


35000 


0.001 

0.330 



too 

1200 

0.002 

0.024 

: 7 

29050(4) 

12000 

43100 

0.067 

0.374(e) 





V 


Z2SO 

11400 


0:006 

0.195 


” f 

350 000 
14280 

250000 

114 000(8) 

3500 

30000 

O.033 

0.326 

"'ll.... 
VIII. j 

T 

HaabIi . 



0.245(8) 

Black tra-) 

3000 

26 


0.012 


0.120 

chyte f 
Limestone.. 

2 775 

0.015 

1.63a 


V 

ISO 000 
Ales 000 

7000 

32 


0.047 


VI 

Granite.... 
Gravel. 

18250 

17500 

SOQOO 


0.0001 

0.043 


XII. ... 

XIII. .. 

XIV. { 

XV. ... 

XVI. .. 

XVII. .. 
XVIII. 
XIX... 

XX ... 

XXI .. 
XXII.. 
XXIII. 
WTvi 





ISO coo 

500000 

200 000 




0.333 


Cemented 1 
gravel ) 

2 mo 

36400 

0.018 

0.072 


10 000 

500 

7500 

35000 

34625- 


0.050 

0.7SO 


Basalt. 

40000 

90000 

40600 

IIOOOO 



0.87s 

0.38s 


JDApMlb ...... 


10000 


6.247 

Pnenlt 



21000 



0.191 

Basalt. 

Hard basalt 

56000 



10000 



0.179 

2OO00 

4310001 

0.050 

1.078 

54800 

8000(8) 

0.146(8) 

Cemented ) 


0 


0.167 

AAIV < 

gravel 1 



300 





1 ; 

1 

I 


•Peele’s Mining Engineers' Handbook. 
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EXPLOSIVE DATA 


I. West Beaver Creek dam, Colo. Tunnel 75 ft. below apex 
of rock, 135 ft. long, with several bends. Cross drifts, 35 ft. 
long, each way from end of tunnel. Charges at ends of cross 
drifts, with 3000 lb. of powder along outer wall or remainder 
of cross drift. Tamping: rock, earth and timbers. 

II. Otay, Cal. Tunnel. 4 by 5 5 ft, 50 ft long. 18-ft Y- 
branches at ends for chambers. Charges: 4000 lb. Judson pow 
der and 60 lb. dynamite in one chamber; 8000 lb. powder and 
50 lb. dynamite in other. Cost, 6c per cu. yd. 

III. Morena dam. San Diego, Cal. Open cut perpendicular 
to face, with 4 by 5-ft. drift, 115 ft. long, parallel to and 100 ft 
from cut. Chambers sunk beneath floor at end and 70 ft. from 
face. Face chambers contained 500 lb. 7% Champion powder 
and 1500 lb. 40% dynamite; end chamber, 28550 lb. 7 and 9% 
powder, 1900 lb. 40%, and 2000 lb. 60% dynamite. Tamping: 
earth and timber. Cost, 5.05c. 

IV. Northampton. Pa. Quarry. Face, 135 ft. high. Drift, 
3 ft. wide, and 238 ft. long, along a fault 50 to 100 ft. from 
face. Four chambers below tunnel, 45 ft. apart, and 3 cross¬ 
cuts each way, 25 to 56 ft. long. 

V. Ferrino, Wash. Quarry. 65-ft. face. Two 3.5 by 4-ft. 
drifts, 200 ft. apart; one 150 ft. long, with crosscuts 50 ft. 
apart; each 80 to 100 ft. long. 60% dynamite. Tamping; muck, 
timber and cement bulk-heads. 

VI. Piedra, Cal. Quarry. Average height of face, 91 ft.; 
average overburden, 68 ft. 6 drifts, each 80 ft. long, with two 
crosscuts each side. Crosscuts, 40 ft. apart, 40 ft. long. Pits 
at ends of cuts 60% dynamite and Judson R.R.P. Cost of ex¬ 
plosives, 2.6c per cu* yd. 

VII. St. Helena, Ore. Quarry. Drift, 3 ft. wide by 46 ft. 
long, with crosscuts at end, one 32 ft. the other 40 ft. long. 
Halfway from face,, a crosscut in each side 32 ft. long. No. 2 
Trojan powder in 4 charges of 160 to 250 lb. in short cut and 
5 charges of 400 to 700 lb. in long cut. 

VIII. Corona, Cal. Quarry. Overburden, 80 ft. Drift, 110 
ft. long, with side drift 60 ft. from face, 15 ft. long to left and 
40 ft. to right; diagonal drift 80 ft. from face, 40 ft. to left, 
and at the end a diagonal drift 50 ft. to the left and a straight 
drift 50 ft. long to right. End of drifts charged with Judson 
R.R. powder and 60% dynamite. 

IX. U.P.R.R. 18-ft. cut. 2 pits charged with 26 lb. dynamite 
and 2775 lb. powder. 

X. Hudson River. 200-ft. face. 1 drift at bottom, 65 ft. 
deep; other drift, 60 ft. from top of face, 80 ft. deep. Two 
25-ft. shafts at top; also drill holes. 

XI. Long Cove, Me. Shaft 4 ft., 64 ft. deep, with two 
drifts at bottom, each 27 ft. long. Cross cuts from end of 
drifts, 26 ft. long. Explosives in the crosscuts. 

XII. Paragon hydraulic mine. Face, 150 ft. high. Drift, 
110 ft. long. Crosscut at right 70 ft. long, with drift at end, 
parallel to main drift, 65 ft. long. Crosscut at left, 60 ft. 
long, with drift at end, 30 ft. long. Much space left untamped 
for expansion of gases. 

XIII. Blue Point hydraulic mine. Drift, 3 by 4 ft, 275 ft. 
long. 6 crosscuts, each 120 ft. long on left. 6 on right, each 
80 ft. long. First drift on right, 75 ft. from portal, and at end 
a 15-ft. drift, parallel to main drift. 

XIV. Dardanelles mine. Face 175 ft. high, 1200 ft. long 
5 parallel drifts, across each of which were 2 or more crosscuts. 
Total length of drifts, 1200 ft 

XV. Hydraulic mine. Giant powder No. 2. 

XVI. Colorado Dam. Coyote or one-man tunnel, 40 ft. long. 
2 crosscuts from end, each 12 ft. long,'with pits at end. Ex¬ 
plosive, FFB powder and 40% dynamite charged in pits. Tamp¬ 
ing: earth. Total cost. 16.9c per cu. yd. 

XVII. Oregon R. R. Coyote hole, 2.5 by 3 ft in hillside. 
50 ft. deep. Crosscuts at end, 75 and 45 ft. Charges in the 3 
openings. 

XVIII. Crooks Landing. R. R. 4 or 5 coyote holes, 80 ft. 
long, with Ts 40 to 60 ft. long at ends. 

XIX. Oregon. R. R. 165 ft. breast. 

XX and XXL Oregon. R. R. 

XXII. Snake River, Wash. R. R. 75 coyote holes, 2.5 by 3 
ft., each averaging 89 ft. long, run into and then parallel to 
side-hill face. 3500 ft. of cliff mined by 6177 ft. of coyote holes. 


20000 lb. dynamite used In preparing for main blast of F tD 
5F black powder. 

XXIII. Oregon. Coyote holes. No. 2 Trojan powder. 

XXIV. Smartsville, Cal. Hydraulic mine. Shaft. 74 ft. 
deep, with main drift 186 ft. long from bottom. 3 crosscuts. 
70. 120 and 170 ft. from shaft, 40 ft. long. On other side 10 
lifter drifts from crosscuts, each 15 ft. long, parallel to main 
drift. Total drifts, 570 ft. long by 2.5 ft. wide by 3.5 ft. high. 
Material moved, 270 by 180 by 100 ft. 


DISTANCES rom MACAZINES, AMEBTOAN PBACTZOE 


Quantity 

Explosive 

Stored, 

Lbs. 

Minimum Distance, Ft. 

Quantity 

Explosiva 

Stored. 

Lbs. 

.Minimum Distance, Ft. 

Inhabit.d 

Building 

Screened* 

Public 

Railway 

Screened 

1 Public 

1 Highway 

1 Screened 

Inhabit d | Public 
Biiildint: j Railway 
Screened* ; Scretn.d 

1 Public 
{ Uighway 

1 Sirecned 

50 

120 

1 1 
70 

35 1 

9000 

870 

520 

260 

100 

180 

110 1 

55 

10000 

890 

635 

270 

200 

260 

155 

75 1 

20000 

1055 

635 

320 

300 

320 

190 

95 

30000 

1205 

725 

360 

400 

360 

215 

110 

40000 

1340 

805 1 

400 

500 

400 

240 

120 

50000 

1460 

875 

440 

600 

430 

260 

130 

60000 

1565 

940 1 

470 

700 

460 

275 

140 

70000 

1655 

995 

500 

800 

490 

295 

150 

80000 

1730 

1040 

520 

900 

510 1 

305 

155 

90000 

1790 

1075 

540 

1000 

530 

320 

160 

100000 

1835 

1100 

550 

1500 

1 600 

360 

1 180 i 

150000 

1965 

1180 

590 

2000 

650 

390 

1 195 i 

200000 

2095 

1260 

630 

3000 

710 

425 

215 

250000 

2215 

1320 

660 

4000 

750 

450 

1 225 

300000 

2335 

1400 

700 

5000 

780 

470 

235 

350000 

2445 

1470 

735 

6000 

805 

485 

245 

400000 

2555 

1530 

765 

7000 

830 

500 

250 

450000 

2655 

1590 

795 

8000 

850 

510 

255 

, 500000 

1 2755 

1650 

825 


•“Screened” as here used signifles that the building con¬ 
taining explosives is screened from buildings, railways, etc., 
by either natural or artiflcial barriers. Where such barriers 
do not exist, distances should be doubled. 

Bulletin 75, U. S. Bureau of Mines. 

ZNOBEDZENTS 07 HZOK EXPI.OSZVES 


INGREDIENT 


CHEMICAL 

SYMBOL 


FUNCTION 


REBfARKS 


Nitroglycerin 


C H (NO ) 

S 5 3 3 


Explosive base 


Liquid, highly explosive 


Nitrocellulose 

(guncotton) 


Nltrostarrh 


Organic nitro- 
compound;} 


(C H (NO ) 0 ) 

6 7 3 3 2 X 


Explosive base and 
gelatinizing agent 


Solid, highly ln9ammable. 
and explosive when dry'. 


H (NO ) 0 
7 3 3 2 X 


Explosive base 


White powder, highly in¬ 
flammable and explosive 
when dry 


Explosive base, but 
us:d primarily to 
reduce freezing 
point 


Some solid, others liquid; 
the higher nitro-com- 
pounds exploaive, the 
lower non-explosive in 
themselves 


Ammonium 

nitrate 


NH NO 

4 3 


Potassium 

chlorate 


KCIO 

3 


Potassium 
p; Tchlorate 


KCIO 

4 


Sodium 

nitrate 


NaNO 

3 


Exploslv.* bases 
and oxygen 
carrl; rs 


Solid, not explosive alone; 
very soluble in water 

Soluble in water, highly 
explosive when mixed 
with combustible matter 

Difficulty soluble in water, 
highly explosive when 
mixed with combusU de 
matter 


O.vygeii rarri r 


Soluble in water, not ex¬ 
plosive alone, deliques¬ 
cent 


DOCENSIONS or MAOAZZNEB—WITHOUT AISI.ES 


Potassium 

nitrat,j 


KNO 

3 


Oxygen carri r 


Capacity, 

Pounds 

Dimensions, 

Feet 

Capacity, 

Pounds 

Dimensions, 

^Feet 

Wood pulp 


Ahsorb nt and 
combustible 

6000 

8x8 

25000 

12 X 12 




10000 

8 X 10 

30000 

12 X 14 

Wood m?nl 


.Absorb nt aqd 

15000 

8x12 

40000 

14 X 16 



combustible 

20000 

lOx 12 

60000 

14 X 18 





1 



Ground coal 


Comlmstible 

DIMENSIONS or MAGAZINES—WIT! 

I AISDES 

Charcoal 


Combustibl* 


1 1 



Flour 


Combustible 

Capacity, 

Dimensions, ! 

Capacity, 

1 Dimensions. 




Pound.s 

' Feet 1 

1 Pounds 1 

1 Feet 

Sulphur 

S 

Combustible 


1 

1 1 


Chalk 

CaCO 

Antacid 

5000 

8x9 

25000 ' 

12x18 


3 


10000 

10x12 1 

1 30000 1 

12 X 20 

'yJiiic O.xide 

ZnO 

Antacid 

15000 

10x12 t 

1 40000 

14 X 22 




20000 

12x16 !; 

50000 ' 

1 

14 X 24 

Kies Iguhr 

SiO 

Absorb; nt 


Hercules Powder rompany. l»eele'.s Engineens* Hand Book. 


Soluble in water, not ex 
plosive alone, not dc- 
lique»»nt 

Best combustible abswb- 
ent; in highest grade* 
equal to Ideaelguhr in 
absorbent capacity 

Fairly high absorbent 
capacity 


Has no value exc.”pt as ab¬ 
sorbent 
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ATLAS POWDER CO. 


EXPLOSIVES. 




ALLENTOWN. PA. 
BIRMINGHAM. ALA. 
BOSTON. MASS. 
CHICAGO. ILL. 

DES MOINES. IOWA 


ATLAS POWDER CO. 

WILMINGTON. DELAWARE 

BRANCH OFFICES 


HOUGHTON. MICH. 
JOPLIN. MO. 
KANSAS CITY. MO. 
KNOXVILLE. TENN. 
McALESTER. OKLA. 


MEMPHIS. TENN. 
NEW ORLEANS. LA. 
NEW YORK. N. Y. 
PHILADELPHIA. PA. 



^Losy^ 


PITTSBURG. KANS. 
PITTSBURGH, PA. 
POTTSVILLE. PA. 

ST. LOUIS, MO. 
WILKES-BARRE, PA. 


BLASTING EXPLOSIVES 


BLASTING SUPPLIES 


The high quality, uniformity and dependability Atlas Blasting Caps—No. 6 and No. 8. Deto- 
of Atlas Explosives are recognized by the powder nated by fuse. Packed 25 or 100 to the tin box, 500 
men of all the great metal mines. All grades for or 5,000 to the case. 


Cartrldpe—Atlas Powder L. F. 40% 

every requirement can be furnished conveniently 
by the nearest one of our many distributing points. 
Low freezing explosives are furnished on all orders 
unless the high freezing grades are specified. 
Nothing weaker than a No. 6 blasting cap 
should be used to detonate Atlas High Explosives. 
We now offer a new series of non-freezing powders. 

Atlas Non-Freezing—A new explosive that will, 
not freeze. Made in 5 grades, covering all blast¬ 
ing requirements. No headaches. No premature 
explosions. 

Atlas Extra—16% to 60%. Spreads and 
heaves when exploded. Fumes not objectionable. 
Not water - proof. Especially recommended 

for headings, strip- 
,-n ir - ' i cuts and under- 

1 3 ground blasting that is 

1 1 ; atiasgEIATW i not wet and where a 

I * ^ 3 shattering effect is not 

|: desired, 

i i Atlas Gelatin — 

. 25% to 90%. Practi- 




5018& 

atlas goatih 

LOW FWtEH* 

goH strict** " 


Case—Atlas Gelatin L. F. non-freCZing EUd 

fumelegs. Water-proof. For tunnel driving and 
rock blasting of all kinds in mines or under water. 

Atlas Powder—15% to 75%. Very quick and 
shattering. Fumes objectionable underground. 
Partly water-proof. Recommended for outside 
work in hard rock that must be broken small. 

Atlas Permissible—COALITE. Nine grades to meet 
every coal mining requirement. No objectionable fumes. 
Moisture and cold resisting. All grades have been tested 
and approved by the U. S. Government Bureau of Mines. 

Atlas Low Freezing R. R. P.—Granular, low grade ex¬ 
plosive, invaluable in cuts, strippings or other open exca¬ 
vating that is not wet. 
Twice as strong as blast- 
powder. Exploded with 
dynamite primer. Put up 
12V^-lb. paper bags; 
packed in 60-lb. cases. 

Atlas Blasting Powder 

• W- —All standard granula- 

oM Il 

Mj / J grains, the quicker and 

<0/ If more shattering the ef- 

feet. Little smoke. Hard 
- pressed, dense, regular, 

^moisture resisting grains. 

Glazed or unglazed. Pack- 
ed in 25-lb. kegs and 5-lb. 


§1 


Keg—Atlas Blasting Powder 


Atlas Electric Blasting Cap No. 8 

Atlas Electric Blasting Caps—No. 6 and No. 8. 
Copper or iron wires. Detonated by electric blast¬ 
ing machine. Packed 26 and 50 to the carton—10 
cartons to the case. Wires 4 ft. to 30 ft. long. 
Longer lengths supplied on request. 

Atlas Blasting Machines—Six sizes, ranging in 
weight from 3i/i lbs. to 45 lbs., and in capacity 
from 5 to 150 electric blasting caps. 

Davis No. 1 Blaster— 

Particularly suited for 

blasting where not more m | 

than 5 shots are fired to- J[ S&S4!? I 

gether. Dimensions: 2"x 
4 "x 21/2". Weight, 3l^ lbs. * 

Fuse—Eleven different 9 

brands for detonating blast- ’■ 

ing caps or exploding blast- 
ing powd6r under all con- 
ditions. Wrapped in rolls 
of 100 feet. Packed 10 to . 

60 rolls to the case. 

Atlas Cap Crimpers—No. 4, Cut Throat Crimp; No. 5, 
Broad Jaw Crimp—for attaching blasting caps to fuse in a 
safe, secure and reliable way. 

Connecting Wire—Small, insulated copper wire for con¬ 
necting electric blasting caps to each other. 1-lb. and 2-lb. 
spools. About 210 ft. to the lb. for No. 20 wire; about 260 
ft. to the lb. for No. 21 wire. Sold by the lb. 

Leading Wire—Heavily insulated copper wire, used to 
carry the current from blasting machine to the charge. 
Single leading wire runs about 52 feet to the lb.; duplex, 
about 26 feet to the lb. Sold by the lb. 

Atlas Galvanometers—For testing electric blasting cir¬ 
cuits. This instrument is covered by a leather carrying 
case, with a sling strap. 

Atlas Rheostats—For testing the capacity of blasting 
machines. Dimensions: %"xl% x5%". Weight: 5% oz. 

Atlas Moisture Proof Blasting Cap Carrying Case—The 
first device of its kind ~ 

offered the miner that 
enables him to take 
proper care of a day’s i 
supply of blasting ' 
caps. Made of alumi¬ 
num, %"x2%"; holds 
seven No. 6 or No. 8 Atlas Moisture Proof Blasting Cap 
blasting caps. Carrying Case 

Other Atlas Blasting Supplies include Tamping Bags, 
Thawing Kettles, Delay Action Exploders, Delay Action Ig¬ 
niters, Fuse Lighters, Portable Magazines, Electric Squibs, 
Miners’ Squibs, etc. 

Other Atlas Products include Chemicals, Nitro Cellulose 
Solutions, Leather Cloth, Lacquers, Enamels, Pyroxylin 
Cements. 
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E. I. du Pont de Nemours & Company, Inc. 



General Offices: WILMINGTON, DEL. 

Branch Offices 


BIRMINGHAM, ALA. 
BOSTON, MASS. 
BUFFALO, N. Y. 
CHICAGO, ILL. 


DENVER, COLO. 
DULUTH. MINN. 
HUNTINGTON. W. VA. 


KANSAS CITY, MO. 
NEW YORK, N.Y. 
PITTSBURGH. PA. 


PORTLAND, ORE. 

SAN FRANCISCO, CAL. 
SCRANTON, PA. 



SEATTLE. WASH. 
SPOKANE. WASH. 
SPRINGFIELD, ILL. 
ST. LOUIS, MO. 


Locations of Explosives Plants and Blasting Accessories Factory: 

Klffh BzplosiTM:. Ashburn, Mo.; Barksdale. Wis.; Du Pont, Wash.; Louviers, Colo.; Ramsay, Mont.; Glbbstown. N. J. 
Blastlnflr Powder: Augrustsi, Colo.; Connable, Ala.; Du Pont. Wash.; Nemours. W. Va.; Fairchance, Pa.: Jermvn. i^a.; 
Laurel Run, Pa.; Mooar, Iowa; Moosic, Pa.; Oliver Mills, Pa.; Peckvllle, Pa.; Wapwallopen, Pa.; Wllpln, Minn. 

BlMtlng' AocoMorlei: Pompton Lakes, N. J. 


High Explosives, Blasting Powder 
and Blasting Accessories 


In the course of more than a century’s experience in the manufacture and sale of explosives, the 
du Pont Company has acquired a very extensive practical knowledge of the qualities needed in explo¬ 
sives for various purposes and the most efficient methods of using them. Du Pont explosives include 
typ^ for all classes of blasting, all made from carefully selected materials with a care in manufacture 
which insures the highest quality and uniformity. 

The following paragraphs state briefly the chief characteristics of du Pont explosives adapted for 
metal mining and quarrying, and describe the accessories needed for firing them. For more complete 
information as to the selection of the proper e^losives and the methods of using them to secure the 
^eatest execution at the lowest cost of accessories, time and labor, consult the catalogs and booklets 
issued by this Company. 

EXPLOSIVES FOR MINING 


Du Pont Straight 15-60%. This explosive is 
quick and powerful, resists water well and is recom¬ 
mended for open work where a shattering action is 
desired. It is low-freezing and is suitable for both 
mining and quarrying. 

Red Cross Extra 20-60%. This is an all-year- 
round explosive that works extremely well in min¬ 
ing soft ore. It is also suitable for hard ore where 
it is hot desired to shatter the material. Red Cross 
Extra is low-freezing. 

Red Cross Gelatin 40-90%. A low-freezing ex¬ 
plosive that will resist water, such as Red Cross 
Gelatin, will always And favor among miners. It is 
plastic and dense and the fumes are comparatively 
unobjectionable. These qualities make it suitable 
for close work. 

Do Pont Gelatin 25-90%. Where other explos¬ 
ives are inefficient this gelatin does its best work. 
It is adapted to a wider range of work than any 
other gelatin dynamite for it has all the virtues of 
density, plasticity, water resistance, and compara¬ 
tive freedom from obnoxious fumes, and is low- 
freezing. It is especially adapted for close work of 
every kind, mining and tunneling in the hardest 
rock under the most adverse conditions. 



Repauno Gelatin 25-90%. This is a dense, plas¬ 
tic, highly water-resisting, and low-freezing explos¬ 
ive which gives a minimum of fumes on explosion. 
It is particularly suitable for wet work or where 
ventilation is defleient. 

Du Pont Blasting Gelatin 100%. This is the 
strongest and quickest high explosive manufac¬ 
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tured. It can be used in close work as it gives a 
minimum of fumes when exploded. It is practically 
waterproof but is not 
low-freezing. It is espe¬ 
cially suitable for blast¬ 
ing hard material in 
tunnels or in driving 
shafts. 

Packages: Du Pont 
high explosives car¬ 
tridges measure from %" 
by 8" to 2"x8". They 
are shipped in cases which contain from 88 to 225 
cartridges to the 50-pound case. 

Blasting Powder 

Blasting Powder is the principal explosive used 
for blasting where it is necessary to remove the 
rock or earth covering ore veins. The blasting 
powder breaks and loosens the ore, earth and rock 
so that it can readily be loaded with*steam shovels. 
It is not wasted or scattered as would be the case 
if high explosives were used. 

Today the “B” Blasting Powder of the du Pont 
Company is recognized as the standard by which 
other blasting powder is rated. The high quality 
of materials used and their thorough incorporation 
by means of special machinery give the miner a 
reliable, efficient explosive. That the miners rec¬ 
ognize this is shown by the increasing demand. 

“B” Powder is made in seven granulations. This 
variation in the size of the grains enables the se¬ 
lection of a grain exactly suited to individual re¬ 
quirements. The finer grains are much quicker in 
their action than the coarser. 

Packages: Blasting Powder is packed in 25- 
pound metal kegs having a moisture proof cap. 
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EXPLOSIVES. 





Blast of 17,231 Keir» of Du Pont Blasting Powder and 13,658 Pounds of Du Pont Red Cross Dynamite In 68 Small Tunnels on 
O. W. & N. R. R. at Ayer, Washington. 300,000 Cubic Yards of Earth and Rock Blasted 


EXPLOSIVES FOR QUARRYING 


Many of the explosives which are used for ore mining are 
also suitable for quarry blasting inasmuch as the nature of 
the work is often similar. There are, however, in addition 
to the explosives which will meet the requirements of both 
quarrymen and miners, some explosives which are used only 
for quarry blasting. 

The following list gives the brands of du Pont explosives 
for quarrying and the properties of each: 

Red Croes Extra 20-60%. This explosive will rarely 
freeze in the coldest weather and is water resisting to a cer¬ 
tain extent. It will not shatter the rock when properly loaded. 

Red Croes Gelatin 40-90%. This is a moderately slow 
explosive that is low-freezing and only slightly affected by 
water. 

Domorite. Dumorite is a guncotton nitroglycerin dyna¬ 
mite which under ordinary conditons will do the work of 
regular 40% dynamite. As it is a low density powder, 
running from 136 to 140 cartridges, to the 50-pound 

case, and is loaded on a stick basis against 40% dynamite, 
it is fully one-third cheaper. Dumorite resists water about 
as well as Red Cross Extra and is absolutely non-freezing. 
It will not cause headache. 

Du Pont, Repauno and Forcite Gelatin 25-90%. For 
moderately slow, low-freezing and water resisting explosives 
these three can be recommended to quarrymen. Du Pont 
Gelatin is perhaps adapted to a wider range of work than 
any similar explosive. For quarrying hard rock in wet 
places any one of the three can be used. 


Durox. This is an explosive of relatively high stren^h 
yet low density which is e^ecially well adapted for blasting 
rock where a shattering effect is not desired. It is not low- 
freezing. 

Du Pont Blasting Gelatin 100%. For a quick, shatterii^ 
explosive this will serve best. It is not low-freezing but is 
not affected by water. 

Du Pont Straight 15-60%. Recommended for open work, 
in wet, hard material. It is low-freezing. 

Du Pont Extra 20-60%. Where it is not desired to shat¬ 
ter the rock in quarry blasting, Du Pont Extra should be 
used. It is better suited for blasting soft material than 
straight dynamite but is not low-freezing and does not 
resist water well. 

Du Pont R. R. P. This is the weakest and slowest high 
explosive—^ranking between blasting powder and dynamite. 
It will rarely freeze in cold weather but even when frozen 
it will explode properly if the lumps are crumbled. 

Blasting Powder 

Blasting powders are weaker and slower than high ex¬ 
plosives. “A” powder is made in six granulations and *‘B” 
m seven. The fine gn^nulatljbns are quicker than the 
coarser. These blasting powders exert a lifting and heav¬ 
ing, rather than a shattering effect. They cannot be used 
in wet work although "A” Blasting Powder resists moisture 
better than “B” Blasting Powder. Neither is affected by cold. 
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Packages—All except R.R.P. (in bags) and Blasting Powder (25 lb. keg) are packed in 25 and 50 lb. cases. 
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BLASTING SUPPLIES. 


E. 1. DU PONT DE NEMOURS & COMPANY, INC. 


Du Pont Blasting Accessories 

Connecting Wire Electric Blasting Caps Delay Electric Igniters Rheostats Electric Squibs 

Leading Wire Fuse Galvanometers Thawing Kettles Cap Crimpers 

Tamping Bags Blasting Caps Delay Electric Blasting Caps Blasting Machines 


With so much money involved in the preparation for blasting, it is readily apparent that it is true economy to buy only 
the best blasting accessories. The confidence miners and quarrymen have in du Pont Blasting Accessories is manifested 
by the steadily increasing demand. 

In designing the du Pont Accessories, care has been exercised to obtain simplicity of construction and to ensure a 
positive and effective performance of the machine or device employed. This is particularly true of the du Pont Blasting 
Machines and testing apparatus. The detonators are composed of the very best materials and the ingn“edients are 
selected because of their fitness to accomplish what is required—imparting the necessary shock to the explosive 
charges to effect complete detonation. 

As the largest manufacturer of explosives and because of its extensive experience in the explosives field, the du Pont 
Company is competent to devise and introduce detonation apparatus especially suited to explosives used in quarrying or 
ore mining. 

If you wish to save time and money, if you desire to get complete detonation of every charge of explosives, insist 
upon the use of dependable du Pont Blasting Accessories. 


Du Pont Blasting Machines—The du Pont Company 
makes several sizes of Blasting Machines having capacities 
of 1 to 150 No. 6 Electric Blasting Caps fitted with copper 
wires. The most popular sizes are the Pocket Blasting 
Machine and Nos. 3 and 4. 

The No. 3 Blasting Machine is illus¬ 
trated to the left. The Pocket Blasting 
Machine also is shown on this page. 

Blasting Machines Nos. 3 and 4 fire 
30 to 50 copper wire electric blasting 
caps. They weigh 25 and 42 pounds, 
respectively. The machines are com¬ 
pact, as shown in the illustration, easy 
to operate and portable. The No. 3 
Blasting Machine is the standard size 
for quarry and mine. No. 4 is popular 
for large quarry blasts. 

The Pocket Size fires from one to 
three electric blasting 
caps at a time. It has 
a removable handle to 
prevent anybody but 
the shot-firer from fir¬ 
ing the charges — a 
“safety - first” device 
greatly appreciated by 
Blasting Machine quarrymen and miners. 

A quick, sharp turn of 
the handle generates the current which 
passes through the two terminals seen at 
the top of the case, and then through leading wires attached 
to the terminal posts. 

Much depends on the blasting machine, and the safest 
thing to do is to purchase the best. 



Pocket Blast¬ 
ing Machine 



@ Thawing Kettles. Every miner and quar- 
ryman who works in a cold climate is familiar 
with the necessity for thawing dynamite. The 
safest way to do this is to use accessories 
made particularly for that purpose. Realizing 
the danger attendant to makeshift thawing of 
explosives, the du Pont Company has been 
marketing thawing kettles for some time. 
"^Kettie^ These are made with a water-tight compart¬ 
ment for the explosives, which is surrounded 
by the receptacle for the hot water. 


Galvanometers, Rheostats — Practically 
indispensable accessories in electric blasting 
in mine or quarry are the galvanometer and 
the rheostat illustrated on this page. The 
galvanometer is a small, direct-reading ohm- 

meter used to 
detect breaks, 
short circuits, 
and points of 
high resistance 
in blasting cir¬ 
cuits. 






Galvanometer 


The rheostat is an electric resistance bridge for testing 
blasting machines. 


Electric Detonators. After careful experiments extend¬ 
ing over many years, the du Pont Company has developed 
the No. 6 and No. 8 Electric Blasting Caps as best fitted for 



Pu Pont No. 8 Electric Blasting Cap—E.xact Size 

all general work. The selection of the materials and the 
care in assembling the parts assure a blasting cap that 
will give complete detonation. These caps are furnished 
with wires in lengths varying from 4 to 20 feet. The du 
Pont Company also manufactures Waterproof Electric Blast¬ 
ing Caps, Delay Electric Blasting Caps and Delay Electric 
Igniters, and furnishes leading wire and connecting wire. 
The best results are secured from blasting powder by ignit¬ 
ing it in the center and for this purpose the Electric Squib 
is made. 

Du Pont electric detonators are packed in cartons of 50. 

Cap Crimpers. The du Pont Company furnishes Cap 
Crimpers of two types. No. 1 and No. 2. The No. 2 Cap 
Crimper is also used for cutting fuse. One handle in both 
types of instruments is pointed to serve as a punch for 
putting holes in cartridges. 



Cap Crimper 


Safety Fuse. Safety Fuse for use with blasting caps is 
also sold by the du Pont Company, different types being 
manufactured for dry, damp or wet work, or work under 
water. It is made in coils of 50 feet and shipped in wooden 
cases. 


DU PONT EXPLOSIVES SERVICE 

For 120 years it has been the constant aim of the du Pont 
Company to deliver explosives where they are needed—when 
they are needed. Today this aim has been achieved by a 
system of ihills and magazines, strategically located near 
practically every great industrial district. 

Prompt delivery is but one factor of du Pont Service. 
We aim to see that our customers use the kind of explosives 
that will give the best results for their particular work at 
least expense—and that they are handled, stored and used 
most efficiently. 

In short, du Pont Service is the result of a sincere effort 
on the part of the du Pont Company to meet and follow the 
demand, and to pass on to the users of their products, in a 
practical way, the results of their 120 years of experience 
and research in the manufacture of explosives. 

When you buy from du Pont, you buy more than ex¬ 
plosives; you buy du Pont Service. 

E. I. DU PONT DE NEMOURS & CO., INC. 

Explosives Department 
WZI.MZVOTON, DEDAWABB 
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GENERAL EXPLOSIVES COMPANY. 


EXPLOSIVES. 


GENERAL EXPLOSIVES COMPANY 



7 South Dearborn Street 
CHICAGO 

ST. LOUIS, MO. DENVER, COLO. JOPLIN, MO. 

BIRMINGHAM, ALA. TAMPA, FLA. 



High Explosives 
Blasting Powders 


Permissible Explosives 
Blasting Supplies 


HIGH EXPLOSIVES 



GENERAL NITROGLYCERIN DYNAMITE 
is the old reliable “Nitro” powder compounded on 
scientific principles so as to produce the maximum 
results. It is very quick and shattering in action 


and is used for mud capping and for blasting ex¬ 
tremely hard rock. 

Made in both high and low freezing grades 
and in strengths ranging from 15% to 60%. A 
50-lb. case contains about 100 ll^x8" cartridges. 
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GENERAL SPECIAL (Ammonia) DYNAMITE 
is a very economical powder for many kinds of 
mining work both above and below ground except 
in wet holes or where extreme shattering is re¬ 
quired. It produces but little fumes and can be 


f 


used wherever moderately good ventilation exists. 
Made in both high and low freezing grades. Most 
mines prefer to use the low freezing grade in win¬ 
ter and some use it the year round. Made in 
strengths from 20% to 60%. A 50-lb. case con¬ 
tains about 100 11/4x8" cartridges. 



GENERAL GELATIN is without any question 
the most satisfactory explosive on the market for 
underground work. Its plastic consistency, which 
facilitates loading in uppers, and its freedom from 
fumes, have made it invariably the favorite wher¬ 
ever used. Long experience in the powder busi¬ 
ness combined with expert technical knowledge of 
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the requirements has enabled us to accomplish 
these results. 

It withstands water better than any other form 
of explosive and is made in both high and low 
freezing grades in strengths from 25% to 90%. 
A 50-lb. case contains about 85 to 90 ll^x8" or 
100 to 105 1V8 x 8" cartridges. 
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EXPLOSIVES. 


THE GIANT POWDER CO., CON. 


THE GIANT POWDER GO., CON. 

SAN FRANCISCO, CALIFORNIA 


BRANCH OFFICES 
Butte, Montana 
Denver, Colorado 
Los Angeles, California 



ANT: 


Everything for Blasting 

BLASTING EXPLOSIVES 


BRANCH OFFICES 
Portland, Oregon 
Salt Lake City, Utah 
Seattle, Washington 
Spokane, Washington 


Giant Explosives 

Made by the pioneer company in the explosive 
industry, are still the most popular brand in the 
West, because their qualities are recognized as su¬ 
perior in meeting every western requirement. 
When ordering any of the following grades, specify 
whether low freezing or high freezing explosives 
are wanted. A new series of non-freezing powders 
is now offered. Nothing weaker than a No. 6 blast¬ 
ing cap should be used with Giant Explosives. 
Giant Non-Freezing 

A new explosive furnished in five grades. Can¬ 
not freeze. No premature explosions. Does not 
cause headaches. Any size cartridge furnished. 
Giant Powder—16% to 75% 

For open work where shattering 
is demanded. 

Giant Extra—16% to 60% 

For all rock and ore blasting not 
exceptionally wet. Fumes not objec¬ 
tionable. 



6 lAtxa •: 
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Giant Gelatin—25% to 90% 

For rock blasting, tunnel driving and all wet 
work. Waterproof. Practically fumeless. 

Giant Coalite 

A permissible explosive furnished in nine grades 
to meet every coal mining requirement. Tested and 
approved by U. S. Bureau of Mines. Moisture and 
cold resisting. Unobjectionable fumes. 

Giant Judson Improved Powder—6% to 20% 

For open excavation blasts that are not 
wet. A granular, low powder, twice as strong 
as blasting powder. Put up in 12^ lb. bags; 
packed in 50 lb. cases. 


Giant Blasting Powder 

For all d^ work where a quick 
acting explosive is not required. All 
standard granulations. Glazed or 
unglazed. Packed in 5 lb. cans and 
25 lb. kegs. 



Case—Giant Extra L.F. 60% 


Keg—Giant Blasting Powder 

BLASTING SUPPLIES 


- 40% STRENGTH 


Case—Giant Gelatin V.L.F. 40% 


Giant Blasting Caps—No. 6 and No. 8. For 
blasting with fuse. 

Giant Blasting Cap Carrying Case (Moisture 
Proof). Carries and protects seven No. 6 or No. 8 
blasting caps. The only safe and convenient means for 
the miner to carry his day’s supply of blasting caps. 

Giant Electric Blasting Caps—No. 6 and No. 8. 
Copper or iron wires. For blasting With electric 
blasting machines. 

Giant Blasting Machines—Six sizes, including 
the Davis No. 1 Blaster, which is 
small and lightweight and fires five 
electric blasting caps. Other five sizes 
have capacity of from 10 to 160 elec¬ 
tric blasting caps. 

Fuse—For detonating blasting 
caps or exploding blasting powder. 
Eleven brands. 

Giant Cap Crimpers—For attach¬ 
ing blasting caps safely and securely 
to fuse. Two 
styles: No. 4 
„ and No. 5. 

Oiant Cap Car¬ 
rying Case 



Connecting Wire—For connecting electric blast¬ 
ing caps to each other. Small, insulated copper 
wire wound on 1 lb. and 2 lb. spools. 

Leading Wire—For carrying electric current 
from blasting machine to charge. Heavily insu¬ 
lated copper wire. 

Giant Galvanometers — For testing electric 
blasting circuits. No. 1 Galvanometer: Dimensions 
—2"x3"x6l^". Weight, lib. No. 2 Galvanometer: 
Dimensions—Weight II /2 lbs. 

Giant Rheostats—For testing capacity of elec¬ 
tric blasting machines. Dimen¬ 
sions: 3/i"xl3^"x5l/2". Weight, 

51/2 oz. 


Other Giant Blasting Supplies 
—Include Delay Action Electric 
Blasting Caps, Delay Electric 
Igniters, Electric Squibs, Mag¬ 
azines (Portable and Stor¬ 
age), Miners’ Squibs, Tamp¬ 
ing Bag s. 
Thawing 
Kettles, 

Giant Electric Blasting Cap No. 8 rtc. 



Giant Blasting Ma¬ 
chine No. 6 


SECTION XVI 


MINING CATALiOQ 


Digitized by LjOOQie 






THE GRASSELLI POWDER COMPANY 


EXPLOSIVES, 


THE GRASSELLI POWDER COMPANY 

CLEVELAND, OHIO 
New York Office: 117 Hudson Street 


PITTSBURGH, PA. 
UNIONTOWN, PA. 
CUMBERLAND, MD. 
CLARKSBURG, W. VA 
BIRMINGHAM, ALA. 



CHICAGO, ILL. 
PHILADELPHIA, PA. 

POTTSVILLE, PA. 
WILKES-BARRE, PA. 
BLUEFIELD, W. VA. 


For every blasting: job there is a Graselli ex¬ 
plosive exactly fitted for that job. We here list 
briefiy the s:eneral characteristics of our various 
grades, and shall be glad to have one of our prac¬ 
tical service men call and explain them to you in 
detail. He will also, if you desire, go over your 
blasting proposition with you and assist in selecting 
the grade best suited to conditions in your operation. 


Nitro Glycerin Grade 

Made in strengths from 20% to 60%. 

A powerful, hard-hitting explosive for shooting 
hard, tough material. Not as suitable for under¬ 
ground work as other grades, as fumes are more ob¬ 
jectionable. Can be shot successfully in wet holes. 

Made in low-freezing and straight grades. 
1 % X 8 inch cartridges pack 100 to the 50-pound 
case; other sizes in proportion. 


Gelatin Grade 

Made in strengths from 30% to 76%. 

The ideal explosive for wet work and where 
ventilation is not good. It is free from objection¬ 
able fumes and particularly adapted to tunnel 
work, shaft sinking, etc. Its plasticity enables it 
to be effectively loaded in upward-slanting or even 
in vertical overhead holes. 

Made in low-freezing and straight grades. 
Averages 88 x 8 inch sticks per 60 pound box; 
other sizes in proportipn. 


Ammonia Grade 

Made in strengths from 20% to 60%. 

A general, all-around explosive. Its action is 
not as quick or shattering as the above grades, 
producing more of a lifting and heaving action. 
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and therefore more desirable for many classes of 
work. It is less impervious to water than nitro 
glycerine grade, but the fumes are less ob¬ 
jectionable. 

Made in low-freezing and straight grades. 
11 /4x8 inch sticks pack 100 per 60-pound case; 
other sizes in proportion. 


Special Grades 

We also manufacture special grades to meet 
certain special conditions. They vary as to speed, 
expansion, etc., according to the requirements of 
the job for which they are to be used. 


Blasting Powder 

Made in various granulations from CCC which 
is of slow, heaving action, to FFFF, for shooting 
material requiring a sharp, quick and more shat¬ 
tering action. 


Blasting Supplies 
Blasting Caps. 

Electric Blasting Caps—Copper or Iron Wires— 
Various Len^hs. 

Safety Fuse—All Grades. 

Cordeau-Bickford—^The Detonating Fuse. 

Cordeau Accessories. 

Blasting Machines—For Firing Electric Blast¬ 
ing Caps—Capacities 1 to 150 holes. 

Rheostats—For Measuring Strength of Blast¬ 
ing Machines. 

Galvanometers—For Testing Blasting Circuits. 
Cables, Lead and Connecting Wire, etc. 
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^2 explosive^. HERCULES POWDER CO. 


HERCULES POWDER 



Allentow'n, Pa. 
Birmingham. Ala. 
Buffalo N. Y. 
Chattanooga. Tenn. 
Chicago, Ill. 


WILMINGTON. DELAWARE 


BRANCH OFFICES 

Denver, Colo. Joplin, Mo. Norristown, Pa. 

Duluth, Minn. Los Angeles. Cal. Pittsburg. Kan. 

Hazleton, Pa. Louisville, Ky. Pittsburgh, Penna. 

Huntington, W. Va. New York City I’ottsville, Penna. 



St. Louis, Mo. 

Salt Lake City, Utah 
San Francisco Cal. 
Wilkesbarre, Pa. 



Explosives, Blasting Supplies and Flotation Oils 


Hercules Special No. 1 

Because of its high cartridge count and low 
cost per cartridge, Hercules Special No. 1 is more 

economical on work for 
which it is suited than 
ordinary dynamite. There 
are about 1/3 more cart¬ 
ridges of Special No. 1 in 
a box than there are of 
ordinary dynamite in the 
same size cartridges. Her¬ 
cules Special No. 1 fre¬ 
quently replaces 40% dynamite, cartridge for 
cartridge at a saving of approximately 25 per cent. 
Special No. 1 is a “bulky” explosive, hence not as 
good as gelatin where a concentrated charge is 
desired, as in tunnel driving in hard tight rock; 
however, for quarrying, open pit mining, road build¬ 
ing and some underground work it is both effective 
and economical. 



Hercules Special No. 2 

Hercules Special No. 2 is similar to Special No. 1, 
but is not quite as strong. Special No. 2 is usually 
more economical for blasting gypsum, clay, shale 
and some of the easier-breaking rock formations. 
It is also well suited for nearly all agricultural 
blasting. It has the same high cartridge count as 
Special No. 1 but costs lass per pound and per 
cartridge. On work for which it is suited, no high 
explosive on the market is more economical than 
Hercules Special No. 2. 


Hercules Gelatin Dynamite 

Hercules Low Freezing Gelatin Dynamite is dis¬ 
tinguished by plasticity, high density, impervious¬ 
ness to watar, and freedom from noxious fumes. It 
is made in strengths from 25% to 75^^ . 

Hercules Gelatin is good for wat work, or for 
use where ventilation is 
poor. Its plasticity enables 
it to be loaded easily and 
effectively in holes having 
an upward slant, and the 
density and plasticity 
make it extremely well adapted for tight blasting in 
hard rock, such as tunnel driving, shaft sinking, etc. 
Packed in standard cartridges, 50 lbs. to the case. 



Extra (Ammonia) Dynamite 

Hercules Low Freezing Extra Ammonia Dyna¬ 
mite is made in strengths from 15% to 60%. It is 



less expensive than the Gelatin or Straight Nitro¬ 
glycerin Dynamites and is recommended for mining. 


quarrying, digging wells, road and railroad con¬ 
struction, clay blasting and mud capping. It is not 
as waterproof as Gelatin or Straight Nitroglycerin 
Dynamites, but this defect is largely overcome by 
double dipping in paraffine. Packed in standard, 
cartridges, 50 lbs. to a case. 



Straight Nitroglycerin Dynamite 

Hercules Low Freezing Nitroglycerin Dynamite 
is manufactured, in strengths from 15% to 60%. 
It is suitable for work where a strong and quick 

explosive is required, and 
is, therefore, recommended 
for all kinds of hard, tight 
work where finely broken 
material is desired, and 
where the ventilation is 
good. It is also adapted for 
mudcapping, scrapping boil¬ 
ers and castings, propagated ditch and canal ex¬ 
cavation. Packed in standard cartridges, 50 lbs. to 
the case. 


Blasting Gelatin 

Blasting Gelatin is the strongest, quickest and 
most waterproof explosive manufactured for com¬ 
mercial purposes, having a strength of 100%. Her¬ 
cules Blasting Gelatin is especially adapted for use 
in cut holes, hard rock tunnel rounds, loads at the 
bottom of deep well-drilled holes, submarine blasts 
in hard rock, and as a primer for gelatin under 
special conditions. Packed in standard cartridges, 
50 lbs. to the case. 




R. R. P. 

Hercules R. R. P. belongs to the 
class of explosives known as granu¬ 
lar dynamite, often called Judson. It 
is best adapted for use in soft seamy 
material and for large tunnel or 
“coyote hole” blasts in hard rock. 
Packed in paraffine paper bags contain¬ 
ing 121/^ lbs. The standard case holds 
four of these bags, making a net weight of 50 lbs. 



HERCULES BLASTING SUPPLIES 

Hercules Blasting Machines 

An apparatus for generating electric current 
used in firing electric blasting caps, squibs, and ig¬ 
niters ; made in six sizes with capacity 
for detonating from three to one hun¬ 
dred and fifty caps in series. 

Machine Capacity 

Midget—Pocket Size. 3 Electric Blasting Caps 

No. 2 . 10 Electric Blasting Caps 

No. 3 . 30 Electric Blasting Caps 

No. 4 . 60 Electric Blasting Caps 

No. f) .100 Electric Blasting Caps 

No. ‘J .150 Electric Blasting Caps 
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HERCULES POWDER CO. 


BLASTING SUPPLIES. 



Galvanometers 

A reliable and compact instrument for 
testing electric blasting circuits, electric 
blasting caps, and for locating breaks, 
short circuits, faulty connections. Weight 
1 pound. 

Hercules Rheostats 

A small instrument offering the easiest and 
most effective means of testing 
the strength of a blasting ma¬ 
chine without actually firing a 
series of electric blasting caps. 
This instrument gives a resistance equal to from 
5 to 100 electric blasting caps, with 30 ft. copper 
wires. 





Electric Blasting Caps 

These are used to detonate charges of high ex- 
olosives by means of electricity. They are made 

in two strengths. 
No. 6 and No. 8. 
These are furnished 
with insulated copper wires from 4 to 30 ft., or with 
iron wires from 4 to 8 ft. Packed 25 or 50 to the 
carton, 10 cartons to the case. 

Electric Squibs 

Hercules Electric Squibs are 
similar in appearance to Electric 
Blasting Caps, and are used to fire 
charges of blasting powders. Elec¬ 
tric Squibs are made with 4 to 8 ft. 
iron wires, and 4 to 30 ft. copper 
wires. Packed 25 and 50 to the carton, 10 cartons 
to the case. 

Delay Electric Blasting Caps 

These are made in two delays. Three different 
periods can be obtained by using regular Electric 

Blasting Caps in the same 
circuit. Delay Electric 
’Blasting Caps are made 
with copper wires 4 to 30 ft. Packed 25 and 50 to 
the carton, 10 cartons to the case. 

Delay Action Electric 
Exploders 
A combination 
Electric Igniter, Fuse 
and Blasting Cap, 
properly waterproofed, 
designed to fire 
charges in rotation by 
electricity, made in ten 
different delay periods. 

Furnished with copper 
wires, length 4 to 20 
ft. Packed 25 and 50 to a carton, 
the case. 



10 cartons to 


Delay Electric Igniters 

These igniters are similar to delay action ex¬ 
ploders, made in six delays and used for firing 
charges of black powder in rotation. If desired, 
blasting caps may be crimped on the end of the 
igniter and used to fire high explosives. Furnished 
with copper wires 4 to 20 ft. Packed 50 to a carton, 
10 cartons to a case. 


Leading Wire 

Hercules Leading Wire is an 
insulated copper wire (No. 14 B. 

& S. gauge) used for connecting 
electric blasting caps to the blast¬ 
ing machine. It is furnished in coils from 200 ft. 
to 500 ft. 



Connecting Wire 

Hercules Connecting Wire is used to join the 
wires of electric blasting caps. It is a high grade 
insulated copper wire (No. 20 B. & S. gauge), and is 
put up in one and two pound spools. 

Blasting Caps 

Blasting Caps are used to detonate charges of 
high explosives. As the efficiency of any high ex¬ 
plosive depends on the initial detonation, we do not 
recommend caps smaller than Hercules No. 6. 



Standard sizes Nos. 6 and 8. Packed 100 in a 
box, 5 to 50 boxes in a case. 

Safety Fuse 

The Hercules Powder Company carries all 
standard brands of fuse. These 
are adapted to all kinds and con¬ 
ditions of work. All brands have 
definite burning speeds, and are 
packed in coils of 100 ft. Cases 
contain from 5 to 60 coils. 



Cordeau Bickford Detonating Fuse 

Cordeau is a fuse that detonates throughout its 
entire length, and is particularly effective in large 
charges of explosives. It is waterproof. Cordeau 
is wound on spools containing from 200 ft. to 500 
ft. each, and it may be shipped by express. 


Cap Crimpers 

Hercules Combined Fuse Cutter and Cap Crimp¬ 
ers are especially constructed pliers made for the 
purpose of fastening blasting 
caps securely to fuse. They 
are equipped with a special 
fuse cutter, and one handle is 
made round and pointed for 
punching holes in sticks of dynamite in which the 
detonators are placed. These crimpers are nickel- 
plated, packed in cartons, 12 to the box. 



Storage Magazines 

The Hercules Powder Co. 
carries a complete line of side¬ 
walk and steel storage maga¬ 
zines. having a capacity of from 
1 to 924 fifty lb. dynamite cases. 

Tamping Bags 

Hercules Tamping Bags are made of heavy water 
resisting paper. They are very convenient and in¬ 
expensive. Made in sizes from 1" .x 8" to 2" x 18". 
Packed in bales containing 5,000. 



Consult with the Hercules Service Division on All Your Blasting Problems. For Further Detailed 

Information Write for Our Book, “Hercules Products” 
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THE RESULT! It Certainly Shows For Itself 
“GOLD MEDAL” DYNAMITE—“Stronger and Goes Further” 
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Steger Bldg., 28 E. Jackson Bl. 
CHICAGO 


Works: GRAFTON, ILLINOIS 
Branch Offices 
1419 Central Bank Bldg. 
MEMPHIS, TENN. 


And Many Other Distributing Points 
Makers of 

^^Gold Medal Dynamite^’ 

Manufacturers Also of 

BLACK DIAMOND PERMISSIBLES AND BLASTING SUPPLIES 


406 Victor Bldg. 
KANSAS CITY, MO. 


-BLASTING POWDER 


BLASTING SUPPLIES 


The Illinois Powder Mfg. Co. carries a complete stock of Blasting Machines, Blasting Caps, Safety 
Fuse, Cordeau-Bickford Detonating Fuse, Electric Blasting Caps, Leading and Connecting Wire, Tliawing 
Kettles, and all other Blasting Supplies. Every order is given careful and prompt attention. Your 
requirements are solicited. 


“GOLD MEDAL” PRODUCTS are Dependable—Uniform. 


“GOLD MEDAL” DYNAMITE 
A variety for every need. 


No requirements too small to receive our careful attention. 
No demand too large for our facilities. 


“GOLD MEDAL” GELATIN 
All Grades. All Strengths. 

















THE ENSI6N-BICKF0RD CO. 


FUSES. 


THE ENSIGN-BICKFORD CO. 

SIMSBURY. CONN. 



Manufacturers of 

Safety Fuse For All Purposes 

and 

Cordeau-Bickford Detonating Fuse 



CORDEAU-BICKFORD 


Cordeau-Bickford is a detonating safety fuse 
consisting of a lead tube filled with trinitrotoluene. 
It has been manufactured by The Ensign-Bickford 
Company during the past seven years and may 
be obtained direct or through any of the explosive 
companies. 


Cordeau is run from the top to the bottom of 
the drill hole in contact with the explosive charge 
so that it acts as a continuous detonator, with the 
result that a more complete and quicker detona¬ 
tion of the explosives is obtained. On account of 
this, there is a greater shattering effect on the 



Blast of 166 well drill holes in an Ohio stone quarry—average depth 26 ft. 
Cordeau-Bickford used to detonate the explosive charges 


This type of detonator is waterproof, safe and 
easy to handle, and will explode a charge of explo¬ 
sive throughout its entire length and also any 
number of separate charges instantaneously. 

Cordeau-Bickford cannot be set off by fire, fric¬ 
tion, or any ordinary shock. 

Cordeau is particularly adapted to well drill 
blasting where large columns of explosives are 
fired, where it is desirable to break the charge in 
the drill hole, or where a great many holes are to 
be fired at one time. 


rock, and the secondary blasting is therefore 
reduced. 

Cordeau is also used in the “Coyote” or Tunnel 
and Pocket method of blasting. 

The explosive manufacturers use Cordeau for 
determining the rate of detonation of their ex¬ 
plosives. 

Write for booklets on Cordeau and Deep Well 
Blasting. 
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THE ENSIGN-BICKFORD CO. 


THE ENSIGN-BICKFORD CO. 

SIMSBURY, CONN. 



Manufacturers of 

Safety Fuse For All Purposes 

and 

Cordeau-Bickford Detonating Fuse 



It is essential for the purpose of safety and 
economy to purchase a brand of fuse adapted to 
the work for which it is to be used. 

In quarrying, the work may be dry, damp, or 
wet; while in metal mining, the work is generally 
either damp or wet. Dry work means that the fuse 
does not come in contact with moisture; damp work 
means that there is moisture present either in the 
drill hole or in the tamping material (mud-capping, 
for instance, is generally classed as damp work); 
and wet work means that the fuse is actually ex¬ 
posed to the direct action of water in the drill hole. 
In underground work of various kinds, the follow¬ 
ing characteristics in fuse, in addition to the water¬ 
proofing quality, are important: Regularity in 
burning, freedom from lateral sparking and exces¬ 
sive smoke, ability to withstand reasonable tamp¬ 
ing, flexibility, and an exterior white finish which 
makes it easily distinguishable in the dark. 

The standard burning speed of all our brands 
of fuse at sea level, with the exception of Charter 
Oak and Clover, is ninety seconds per yard when 
burned in the open with an allowable variation of 
10% either way from standard. Clover and Charter 
Oak have a standard burning speed of one hundred 
tAventy seconds per yard under the above condi¬ 
tions with an allowable variation of 10% either 
way from standard. 


TAPED FUSE 

The original waterproof fuses were all of 
the tape variety. Low temperatures affect the 
pliability of taped fuse and in work done on the 
surface in cold weather, the countered fuses such 
as Beaver, Charter Oak, Crescent, and Clover are 
best adapted in preference to Single Tape or 
Double Tape. 

Single Tape 

For use in dry or damp work. 
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Double Tape 

For use in wet work. This fuse has two tape 
coverings which add strength as well as waterproof 
qualities. 

COUNTERED FUSE 

Beaver and White Charter Oak 

For dry or damp work, Beaver or White Charter 
Oak is quite generally used, Beaver being selected 
by those who have preference for the ninety second 
standard burning speed, and White Charter Oak 
by those who prefer the slower standard of one 
hundred twenty seconds per yard. 

Gray and Black Charter Oak 

Gray and Black Charter Oak are ^ later develop¬ 
ment in manufacture which has enabled us to 
improve the waterproof quality without adding to 
the cost. Where the requirements for water¬ 
proofing are beyond the limits of Beaver or White 
Charter Oak, we recommend the adoption of Gray 
or Black Charter Oak. 

Crescent, Anchor, Clover 

Where the two principal elements are water¬ 
proofing and regularity of burning speed. Crescent 
or Anchor are usually preferred; but where other 
considerations enter in, such as freedom from side 
spit, freedom from excessive smoke, and economy 
of time due to slower burning speed. Clover is pre¬ 
ferred because it has even greater waterproof 
qualities than Crescent, and has, in addition 
thereto, the above mentioned advantages. The 
paper tape used on Clover enables the fuse to be 
subjected to extreme climatic changes and long 
storage without deterioration. 

Avoid lacing, half hitching or the kinking of 
fuse, especially when the fuse is going to be used 
in a wet drill hole. 

Price lists, sample cards, and further informa¬ 
tion will be gladly furnished on application. 
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Ore Dressing and Milling 
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FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


^THE FOLLOWING MANUFACTURERS and DEALERS ^ 


APE REPRESENTED 


THIS SECTION 


Allen Cone Company 
Allis-Chalmers Mfg. Co. 

American Pulverizer Co. 
Automatic Weighing Machine Co. 
B. & W. Oil-less Conveyor Co. 
Braun Corporation 
Buchanan, C. G. Co., Inc. 
Chalmers Williams 
Colorado Iron Works Co. 

Deister Concentrator Co., The 
Deister Machine Co. 

Dings Magnetic Separator Co. 
Dodge Sales Engineering Co. 
Goodrich, B, F, Rubber Co., The 
Gruendler Patent Crusher B 
Pulverizer Co. 

Hardinge Company 
Harrington King Perforating Co. 
Hendrick Manufacturing Co. 
Hendy, Joshua, Iron Works 
Hyatt Roller Bearing Co. 

Jeffrey Manufacturing Co., The 
Krogh Pump and Machinery Co. 


Link-Belt Company 
Ludlow-Saylor Wire Co., The 
Magnetic Manufacturing Co. 

Merrick Scale Mfg. Co, 

Metal Supply Co. 

Midwest Forge Steel Co. 

Mine Smelter Supply Co., The 
New York Belting ^ Packing Co. 
Newark Wire Cloth Co. 
Nortmann-Duffke Co. 

Pettibone Mulliken Co. 

Quaker City Rubber Co. 

Robins Conveying Belt Co. 

Schaffer Engineering ^ Equipment Co. 
Scullin Steel Co. 

United States Rubber Co. 

Webster Mfg. Co., The 
Weller Manufacturing Co. 

Williams Patent Crusher 
Pulverizer Co. 

Worthington Pump and Machinery 
Corporation 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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CRUSHING DATA. 


EDITOR’S NOTE: It is our opinion after consideration of the various criticisms offered on the first edition, that, much 
as we would like to do so, we must refrain from the inclusion in the technical sections many of the purely academic discus¬ 
sions of abstract theories, which, although they are of interest to the mining man, nevertheless are of little practical value. 
Since this Catalog is primarily for the use of the practical man, we are constrained to replace the extremely interesting dis¬ 
cussions of the so-called “Crushing Laws" with data which will be of more service to our clients in the actual pursuit of 
their professions. 

For the benefit of those who may wish to study the theory of crushing, and who haven’t the first edition of the MINING 
CATALOG, we are Including herewith references to the sources from which we obtained the material for the compilation of 
this discussion. 

“The Law of Crushing,” by H. Stadler. in the Engineering & Mining Journal. Mr. Stadler refers to “Dingler*s Polytech 
Journal,” 1884, Vol. 251; “Engineering & Mining Journal,” December 14, 1912, and May 24, 1913; “Trans. A. I. M. E.,” Vol. 37, 
February, 1914; “The Crushing Surface Diagram,” Engineering & Mining Journal, 1U4; Richards' “Ore Dressing,” and “Crush¬ 
ing Surface Diagrams,” by A. O. Gates, Engineering & Mining Journal, February 25, 1922. 

The last mentioned reference claims that both Rittinger’s and Kick’s “Laws” are Incorrect, which In our opinion is 
sufficient justification for the omission of the discussion from this section. 

COMPARISON OF GYRATORY AND 

JAW CRUSHERS' 

Abstract from an article by L. H. Wollenberg, in the Engineering & Mining Journal. 


To show that each type of crusher has its field 
in which it is superior, and to define the limits of 
each, is the purpose of this treatise. 

Aside from some modifications and refinements, 
these machines are built today in a manner similar 
to that of the earlier designs. There are improve¬ 
ments in design that have become more or less 
standard with certain manufacturers. 

Of greater importance than the peculiar advant¬ 
ages and disadvantages inherent in the different 
t 3 rx>es of machines (generally well recognized), are 
the characteristics of each machine for a particular 
size and service. 

Table 1 has been prepared from actual data 
furnished by manufacturers for average conditions 
with hard friable rock. The machines quoted to 
deliver a certain sized product are the medium 
sizes adapted to that product. The particulars of 
the 36 X 282-in. and the 42 x 345-in. gyratory crush¬ 
ers are only approximate, as the largest standard 
size manufactured at the date’ of writing was 
24 X 198-in. Larger crushers have been built to 
special design. 

Size of Feed 

It develops from inspection of the table that 
the gyratory is a machine of greater weight, 
capacity and horse power for a given size of feed 
and product than the jaw crusher. In other words 
the design of the gyratory is dependent upon the 
width of the feed opening, while in the jaw type 
the width and the length of the feed opening can 
be varied independently of each other. This char¬ 
acteristic is important in defining the field of each 
type. 


Weight, (kqiacity and Horse Power 

Table 2 indicates that in comparison with the 
weight and horse power, which are greater in the 
gyratory than in the jaw crusher for a given size 
of feed, the capacity is much greater still. The 
reason assigned for this is the nature of the cmish- 
ing principles involved in the action of the gyratory, 
namely the utilization of the “beam” principle in 
the gyratory as compared to the simple crushing by 
compression in the jaw type. 

TTie gyratory is more economical of power due 
to its continuous action, whereas the jaw type has 
to overcome at each stroke the inertia of the heavy 
and rapidly reciprocating parts. 



TABLE 1. COMPARATIVE FEATURES OP JAW AND GYRATORY CRUSHERS 


Crushing from. j 

1 

7 to 1 Ms in. 1 

!-1 

10 to 1% In. I 

1 1 

1 

^ 12 to 2% In. 

18 to 3% In. 



^ 42 to 16 in. 

1 

Type of crusher. 

Blake 

IGyra- 
1 tory 

Blake | 

1 Gyra- 
1 tory 

Blake 

Gyra¬ 

tory 

Blake 

Gyra¬ 

tory 

1 Blake 

1 Gyra- I 
1 tory 1 

1 Blake 1 

Gyra¬ 

tory 

Blake 

Qyra- 
1 tory 

Size of feed opening in inches | 

10x7 1 

17x66 

20x10 

10x80 

24x12 

12x88 

36x18 

18x1361 

36x24 1 

24x198 

42x36 

36x282 

60x421 


Capacity in tons per hour.... 

4 

7 

12 

30 

25 

70 

60 

130 

85 

400 

160 

900 

300 


Weight In tons. 

4 

8 

9 

18 

15 

24 

29 

60 

30 

95 

55 

200 

100 


Hourly capacity -f- tons weight. 

1 

0,87 

1.26 

1.66 

1.67 

2.91 

2.07 

2.60 1 

2.83 

4.22 

2.90 

4.6 

3 


Installed horsepower. 

8 

12 

20 

25 

30 

50 

65 

90 

65 

150 

100 

200 

160 


Hourly capacity. Installed 
horsepower .! 

0.5 

0.68 

0.60 

1.20 

0.8 

1.40 

1 0.92 

1 1.44 

1.31 

2.67 

1.60 

4.5 

2 


Height in feet (discharge 
spout to feed floor). 

3 

6% 

3 

7% 

5 

8 

1 ^ 

10 

6 

15 

7 

23 

8 


Width in feet (including 
the pulleys). 


10 

7 

13 

8 

13 

1 IS 

13 

13 

20 

IS 

27 

15 1 


Length in feet (overall). 

IIj 

5 

9 

6 

10 

6 

1 12 

12 


12 

_ 1 

16 

JU 


21 


•L. H. Wollenberg in Eng. and Min. Journal. 
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Comparison of Operating Advantages 

The floor space for machines of equal capacity 
is about the same, but the advantage lies with the 
jaw crusher in the matter of height and head room 
required. 

The gyratory, owing to the beam action in crush¬ 
ing gives a more cubic and therefore a more uniform 
product. 


TABLE 2. RELATIVE WEIGHTS, CAPACITIES AND 
HORSEPOWER 

The Blake Crusher being: taken as unity in each case 


Crushing: from. } 

in. 

'| 10 to’ 
|l% in. 

\ 12 to' 
12 H in. 

1 18to^ 
|3Vi in. 

24 to 

6 in. 1 

36 to 
12 in. 

42 to 

116 In. 

Relative weight 
of gyratory.. 

2.0 

2.0 

1.00 

1.72 

8.16 

8.66 

8.00 

Relative horse¬ 
power of gy¬ 
ratory . 

1.60 

1.26 

1.66 

1.89 

2.82 

2.00 

1.68 

Relative capac’y 
of gyratory. . 

1.76 

2.6 

2.80 

2.17 

4.72 

6.62 

4.0 


There is less actual wear on the parts of the 
jaw crusher, due to the grinding action in the 
gyratory. TTie liners of a gyratory cannot be re¬ 
versed as in a jaw type. Therefore renewal are 
more expensive in the gyratory type. 

Attendance is the same, giving the advantage 
to the gyratory on account of its greater capacity. 

Repairs 

Repairs are more difficult and more expensive 
in gyratory crushers. A well designed jaw crusher 
is easier to keep in order. 

As regards vibration the gyratory is superior. 

The critical mechanical feature of the gyratory 
is the eccentric drive on the lower end of the main 
shaft. With hard rock and heavy feeding it re¬ 
quires efficient lubrication to keep the bearings cool. 
A well designed Blake crusher is easier to keep in 
order. The introduction of steel castings for the 
main frame of the jaw crushers has increased the 
strength and lessened the weight of that important 
part. As regards vibration during operation the 
gyratory is superior, as it runs very steadily. 

The consideration of relative merits for a speci¬ 
fied capacity, and the comparisons drawn there¬ 
from are all on the basis of a given size of feed 
and product. It would be desirable to compare the 
two types on the basis of given capacity as well as 
size of feed and product, but this is not possible. 
When we designate the feed and product, the size 
and capacity of the appropriate crusher of each 
type is determined thereby, and these vary widely 
for the two tspes. The bearing that the required 
capacity has upon the comparison of merits, al¬ 
though left for the last, is all important, as will 
be shown. 

Consider the case in the first column of Tables 
1 and 2. This is the only case of those tabulated 
in which the gyratory does not excel in capacity 
per ton weight of machine. If, however, a par¬ 
ticular installation required the capacity afforded 
by the 7x56-in. gyratory (seven tons per hour), it 
might be selected in place of two 10x7-in. Blake 
crushers, because of the economy of one machine, 
one foundation, and one attendant. If, however, 
advantages are to be gained, as in small stamp 
mills, by dividing the work between several small 
crushers so as to avoid conveying the crushed mate¬ 
rial and gain bin storage without additional height. 


two small Blake crushers might be selected in 
preference to one gyratory. It should be noted 
that the relative weight of the two types is 
not an exact index of the relative first cost, be¬ 
cause the gyratory crushers are sold at a higher 
price per pound than the Blake type. There are 
other factors affecting first cost besides the price 
of the machine at the manufacturer’s works. 

In Table 3 the distribution of sizes in run-of- 
mine ore is obtained from experience. 

TABLE S. SIZE ANALYSIS 


Crushing Plant designed for 125 tons per hour 



Tons per Hour Between 

86 and 
12 in. 

12 and 

3 in. 

3 and 
1% in. 

1% In. 
and 
under 

Run of mine. 

66 

40 

16 

16 

Feed to first crusher. 

66 



.. 

Product of first crusher.... 


30 

i5 

10 

Feed to second crusher.... 


70 


,. 

Product of second crusher. 



30 

40 

Feed to third crusher. 1 



60 


Product of third crusher. . . 

*' 1 


! 

60 


Blake Preferred as Initial Crusher 

Taking the required capacities and duties as 
arrived at in Table 3, and referring to Table 1, it is 
apparent that we would select the 42x36-in. Blake 
crusher for the initial breaker. This machine has 
excess capacity over what is required, but not such 
enormous excess cost and capacity as a gyratoiy* 
for the same work. For the secondary crushing 
one 12x88-in. gyratory is strikingly superior, as it 
would require three 24xl2-in., or two 40xl2-in., or 
two 36xl8in. Blake crushers for the same capacity. 
For the final crushing two 8x60-in. gyratory crush¬ 
ers would be indicated. 

If the ore formation and conditions of mining 
and transportation were such that an initial 
crusher to receive pieces 24x36-in. was sufficiently 
large, it would be found, upon making a size analy¬ 
sis similar to that shown in Table 3 for 36x42-in., 
that one 36x24-in. Blake machine crushing to 4-in., 
followed by two 10x80-in. gyratory crushers each 
giving a product to pass a 1%-in. ring, would meet 
the conditions. 

The conclusions reached above are in accord¬ 
ance with the most advanced practice. The econ¬ 
omy of breaking by crusher over bulldozing and 
sledging is beginning to be appreciated. Recent 
installations in South Africa employ large Blake 
crushers for initial breakers, followed by gyratory 
machines preliminary to stamp milling. A notable 
installation in the United States is that of a 60x42* 
in. jaw crusher capable of breaking down to 16-in 
the largest pieces of hard iron ore that can be 
handled by a 70-ton steam shovel. Other plants 
where economies have been secured by introducing 
large initial cnishers of the jaw type are the Gran¬ 
by mines, rnoenix, B. C., the British Columbia Cop¬ 
per Company and the Natomas Consolidated of 
California. 

In conclusion it may be said that while each 
type has a field in which it is superior, no sharp 
lines can be drawn because of the many factors 
involved. It is believed, however, that with the 
aid of the data here presented an investigation 
along the lines indicated will quickly indicate the 
most desirable machine for any particular service. 
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CAPACITY AND HORSE POWER OF 

CRUSHING ROLLS 


The Speed and Capacity Diagram and Horse 
Power Table for rolls with smooth shells and for 
rolls with corrugated shells are the results of nu¬ 
merous tests that have been made to determine the 
best speeds for rolls of various diameters and sizes 
of feed. 

The diagonal lines in the diagrams represent 
standard rolls of the diameters indicated and show 
the limit of their gripping capacities at a nipping 
angle of 31 de^ees and a crushing ratio of 1:4. 
The gripping limits are determined with the roll 
shells worn to a safe minimum thickness. Rolls 
with new shells will grip a proportionally larger 
size. 

Below the feed size is given the ring size of the 
finished product in inches when crushing 1:4. The 
mesh of the screen corresponding with the product 
is also given in the smooth shell diagram. 

The horizontal lines in the diagrams represent 
the peripheral speeds given at their left ends. The 
peripheral speeds are principally controlled by the 
size of the particles fed to the machine, the roll 
diameters and the nature of the rock. Rolls of 
large diameters can be run at considerably higher 
peripheral speeds than those having smaller diam¬ 
eters, due to smaller pressure per square inch and 
lower rubbing velocity in the bearings. 

When crushing medium hard and hard rock, the 
rolls should be run at the speeds indicated in the 
diagrams. 


For crushing soft or very soft rock the speeds 
may be increased as much as 50 per cent, but the 
peripheral speeds should in no case exceed 1,500 
feet per minute for smooth rolls, and 1,300 feet per 
minute for rolls with corrugated shells; however, 
very good judgment must be exercised in speeding 
up rolls. 

For convenience, the proper number of revolu¬ 
tions per minute for the various diameters of rolls 
are tabulated to the left of the corresponding peri¬ 
pheral speeds. 

The para'oolic curves indicate uniform capacity 
and their values in tons per hour when crushing to 
the size shown are given at the bottom of the dia¬ 
gram for different face width of rolls. These ca¬ 
pacities represent 33V^ per cent of the theoretical 
volume of ribbon between the roll shells, and are 
directly proportional to the peripheral speed and 
size of product. 

The horse power required to run crushing rolls 
depends entirely upon the capacity or tonnage per 
hour, the ratio of reduction, the nature of rock and 
amount of loss by friction. Owing to superior de¬ 
sign and to careful workmanship, the efficiency is 
about the same for the various sizes of these ma¬ 
chines. This enables us to determine the horse 
powers for rolls of different diameters when crush¬ 
ing the same grade of rock under continuous even 
feed entirely by the tonnage and ratio of reduction. 
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The horse power tables given with the diagrams 
have been checked by actual tests and will be found 
very reliable. The horse powers required for crush¬ 
ing both soft and hard rock are given for different 
capacities. 

The use of the diagrams will be best explained 
by two examples. Let a case be assumed where 
it is necessary to feed medium hard rock 1.1" in 
diameter. Directly below 1.1 is found the fig¬ 
ure .276, which shows the resulting product 
in inches 1:4, which corresponds to particles of two 
mesh in size. Following down the vertical line be¬ 
low 1.1 we find that the smallest rolls with smooth 
shells which will grip this material is 30" in di¬ 
ameter. From the point of intersection of the ver¬ 
tical with the diagonal for 30" roll, following the 
nearest horizontal line to the left, we find that the 
peripheral speed should be 520 feet per minute. In 
the column showing the speed for the 30" rolls, we 
find that they should run 65 R. P. M. 


a product of 1.5 below, which is .5" smaller 
than required. By reducing the feed size by this 
difference we obtain 5.5". Taking this result as 
the feed size and following down midways between 
the vertical lines below 5.4 and 5.6 to the first 
diagonal line representing the 72" rolls, which is 
the size roll to be used, and running along the near¬ 
est horizontal line, the diagram shows a peripheral 
speed of 875 leet per minute. Since the assump¬ 
tion is that soft stone is to be crushed, we may 
increase this speed to 1,000 feet, or 53 revolutions 
per minute. 

The size of product is to be 2". But, since the 
largest product listed on the diagram is only 1.6", 
let us use for convenience the 1". Following down 
the vertical below 1" product until it intersects the 
1,000 ft. per minute speed line and then proceed¬ 
ing along the intersecting parabolic curve, the table 
indicates a tonnage of 210 per hour for a 30" face 
roll. The capacity, however, will be twice the 
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The nearest parabolic curve to the intersection 
referred to above if followed down to the border, 
shows in the line of figures for 14" face, that 14 
tons can be crushed per hour. 

In the horse power table we find by interpola¬ 
tion that 10 H. P. will suffice to run the rolls. 

Example 2: Let it be required to produce un¬ 
der a perfectly continuous even feed, about 600 
tons of 2" material per hour. The rock fed being 
soft limestone 6" ring size. 

In the diagrams for rolls with corrugated 
shells we find a feed of 6" ring size listed with 


figure as the product is 2" instead of one. As 
stated, the material will be fed continuously and 
evenly; hence we may take 50 per cent of the ribbon 
volume, which gives us a total capacity of 630 tons, 
say safe 600 tons per hour. 

The horse power table calls for 240 H. P. for 
crushing 600 tons of soft rock in one hour at a re¬ 
duction ratio of 1:4. Since the ratio in question 
is 1:3, 180 H. P. is all that is needed to drive the 
rolls. Under very favorable conditions 150 H. P. 
would probably do. 

Worthington Pump & Machinery Corp. 


DATA FOR FIGURING CAPACITY 

OF ROLLS 


The capacity of Rolls is influenced by the char¬ 
acter of the material and the fineness of reduction. 
It is manifestly impossible to anticipate the various 
conditions incident to the reduction of ores, owing 
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to the wide range in their character. Therefore, 
a reliable formula for calculating capacity which is 
applicable to all conditions is impossible, but since 
the capacity of crushing rolls is in direct ratio to 
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the width of face and peripheral speed we give the 
following: 

TXWXS 

-= cubic feet per minute 

1728 

T = Distance in inches roll faces are set apart 

W = Width in inches roll faces 

S = Peripheral speed inches per minute. 

This gives the theoretical capacity which, on ac¬ 
count of irregularity in feed, etc., should be divided 
by 4 to give the actual capacity. 

Fig. No. 3 illustrates the method of determin¬ 
ing the maximum size of feed for Rolls of a given 
diameter. In the following table these sizes are 
given for our standard Rolls. 



Pig. j. 


Let R = Radius of Roll 

A = Wedge Angle (31°)=“Angle of Nip” 
B = Friction Angle, (16° 45') 

Coef. of Friction is .3 
Size of Pieces Rolls will take = 2X 

R-X 

COS.B.=- 

R 


Diam. of Rolls 

9". 

12 ^ . 

IS''. 

24". 

26". 

30". 

36". 

40". 

42". 

48". 

54". 

72". 


Size of Pieces 


.26" \ 
.48" \ 
.72" I 
.96" I 
1.04" f 
1 . 20 " \ 
1.44" / 
1.60" 1 
1.68" I 

1.92" 1 
2.16" ) 
2.88" / 


Plus the 
spread of 
the Rolls 
equals maximum 
size of pieces 
which Rolls 
will take. 


To the above maximum size of feed should be 
added the opening between roll faces, for instance— 
the maximum size piece which should be fed to ixtlls 
30 inches diameter set inch apart would be 1.45 
inches. 

The peripheral speed at which rolls for fine 
crushing are usually operated is about 1000 feet 
per minute for all sizes up to 54 inches diameter; 
when crushing coarse or for sizes larger than 54 
inches the speed is reduced to 700 or 800 feet per 
minute. 

It might be inferred that if all sizes of rolls are 
operated at the uniform speed of 1000 feet per 
minute, a 30x16" Roll would have the same ca¬ 
pacity as a 42x16", but such is not the case for the 
reason that the revolving parts of the larger rolls 
having greater mass and weight, the momentum or 
kinetic energy stored up in them overcomes the 
sudden shocks due to irregularity in feed and hard¬ 
ness of material with greater ease. 

The economical range of reduction for rolls of 
course varies to some extent with the material 
crushed but may be considered as being limited to 
from 12 to 16 mesh product; when finer product is 
required a ball granulator or tube mill will do the 
work at less cost. 

The best ratio of reduction in one operation when 
crushing ore for treatment by gravity concentra¬ 
tion, where a granular product with a minimum 
percentage of fines or slimes is desired, is about 
four to one, but when the product is to be further 
reduced by tube milling or other process of reduc¬ 
tion, a ratio of seven or eight to one is permissible. 


Allls-Chalmers Mfgr. Co. 


How to Select the Proper Size of Rolls 


First. There must be known the size 
of the feed. From this the minimum di¬ 
ameter of rolls is determined by referring 
to Diagram No. 0227. The size of feed is 
seldom over li/^ to 2 inches. If the pieces 
of ore are too large, they will not be caught 
or nipped by the shells, as the “angle of 
nip” is too great. The “angle of nip” is | 
the angle formed by the tangents at the I 
points where the particle of ore touches J 
the shells. A, in Fig. 0230, is the angle of ^ 
nip. For practical milling conditions, the J 
maximum angle which may be used with . 
safety is 31°. By increasing the distance « 
between the shells the angle of nip is of » 
course decreased, but this decreases the | 
percentage of reduction for a feed of given S 
size. I 

(c 

Second. The speed, which depends on 
the diameter of the rolls and the size of the 
feed, both the latter now known, is deter¬ 
mined by reference to Diagram No. 0227. 

SECTION XVII. MINING CATALOG 



Digitized by LjOOQIC 





















ROLL DATA. 



Third. Size of finished product. The reduction 
in size of the feed particles as they pass through 
the rolls must not exceed 4 to 1, if particles are % 
inch or larger. This is equivalent to a reduction 
of 75 per cent. This means that 2-inch pieces must 
not be crushed in one stage to smaller than inch, 
and if smaller product is desired, then the V^inch 
product must be passed through a second set of 
rolls, and so on. Further, it is not advisable to 
crush finer than 0.04 inch with any set of rolls. 

Fourth. Theoretical capacity, which depends 
on size of finished product and speed of rolls. Both 
being known, reference to Diagram No. 0228 gives 
the result. The theoretical capacity is equal to 
the theoretical ribbon of material passing through 
the space between the two shells. 

Fifth. Capacity factor, which multiplied by 
the theoretical capacity, gives the actual capacity. 
This factor depends on the percentage of reduc¬ 
tion in size of the feed particles as they pass 
through the rolls. One inch crushed to iy4-inch is 
75 per cent, reduction. One inch crushed to %-inch 
is 25 per cent, reduction. Knowing the percentage 
of reduction. Diagram No. 0229 gives the capacity 
factor. 

As crushed material is at least 50 per cent, 
voids, then the actual maximum capacity to be 
expected from rolls would be 50 per cent, of the 
theoretical ribbon. This would be true when crush¬ 
ing soft rocks and with a uniform and continuous 
feed. For hard rocks 33 per cent, of the theoretical 
ribbon is correct, but in practice 30 per cent, is 
safer. 

Sixth. Actual capacity, which is found by mul¬ 
tiplying the theoretical capacity by the capacity 
factor. 

How to Use the Diagrams to Determine the Proper 
Size and Spe^ of Rolls 


Assume the maximum size of feed cube to be 
1.6 inches. Find 1.6 (Diagram .0227) in the lower 
horizontal line of figures marked “Maximum size 
of particles in feed." Follow the vertical line cor- 
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responding with 1.6 until it intersects the curve of 
nip—31°. This point indicates a roll shell larger 
than 30 inches and smaller than 36 inches diam¬ 
eter. The 36-inch should therefore be used instead 
of the 30-inch shell. In the same manner the dia¬ 
gram gives the proper diameter of roll shell to use 
for each size of feed, as follows: 

For teed 2.8 to 2 inches.use 54-inch roll shells 

For feed 2 to 1.7 inches.use 42-inch roll shells 

For feed 1.7 to 1.4 inches.use 36-inch roll shells 

For feed 1.4 inches and smaller, .use 30-inch roll shells 

Next, the speed of the rolls is to be determined: 

Find the size of feed 1.6 (Diagram 0227) in the 
lower horizontal row of figures; follow the vertical 
line for this size upward until it intersects the 
curve for the 36-inch roll shell; then follow the 
horizontal line passing through this point to the 
figures on the left, giving 36 revolutions per min¬ 
ute as the proper speed. 

Next to be determined is the theoretical ca¬ 
pacity : 

From Diagram No. 0228 find the revolutions 36 
in the left-hand vertical column of figures, follow 
the corresponding horizontal line to the right until 
it intersects the diagonal line for 0.4 size of fin¬ 
ished product; from this point of intersection, fol¬ 
low the vertical line down to the figures at the 
bottom of the diagram, and in the horizontal row 
corresponding to the 36-inch size of roll will be 
found 888 cubic feet per hour as the theoretical 
capacity. 

Having assumed the size of finished product to 
be 0.4 inches: 

Find 1.6 (Diagram 0229) in the vertical column 
for maximum size of feed, follow horizontal line 
to the right until it intersects the vertical line for 
0.4 finished product. Follow the diagonal line to 
percentage of reduction, equals 75. FSx>m 75, per¬ 
centage of reduction, drop down to the line A—B, 
and from the point of intersection follow the hori¬ 
zontal line to the right to “Amount of finished 
product in percentage of theoretical ribbon," 30 per 
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cent. This means that, when crushing a feed cube 
of 1.6 inches down to 0.4 inch, the actual crushed 
product will be 30 per cent, of the theoretical 
ribbon. 

The actual capacity will be the theoretical 888 
multiplied by the capacity factor, 30 per cent., 
equals 266 cubic feet per hour. 

/InCL£ OF NtP. 
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THE POWER-LOAD CURVES OF 

BALL MILLS 


Millmen generally will agree that the more 
power a mill can be made to take the more tons 
of ore it will grind, other things being equal, which 
is not always easy or possible of accomplishment. 
In recent years surprising increases have been made 
in capacities of crushing machines; rolls, Chileans, 
and ball and pebble mills all show remarkable in¬ 
creases due to manipulation of the feed, sufficient 
power being available. I have no intention of dis¬ 
cussing matters of tonnage in this short article, 
but wish to indicate something of the variation of 
power with variation of speed ,diameter, and ball 
or pebble load. This data should apply to rod mills 
as well. 

The mechanics of the ball and pebble mill are 
simpler than for any other type of crushing ma¬ 
chines ; the power-consuming elements may be 
divided into two types capable of rather simple 
treatment. In crushers, rolls, roller types (Hunt¬ 
ingtons, Chileans, and a multitude of variations), 
the differences in the crushing resistance of the 
mass being crushed affect the friction load in a 
variable and rather uncertain degree. In some 
types of crushing machines it will be conceded that 
high resistance against crushing, frequently or 
regularly, squeezes the lubricant from the bearings 
so that there is metal-to-metal contact at times; 
and this is a condition extremely difficult, if not 
impossible, of mathematical analysis. 

I hold no brief for any purely theoretical school 
of reasoning; but if the application of theory will 
make it check with what experience has shown to 
be good practice, wider fields of application will be 
open. It is well to be able to predetermine some 
things about crushing machines, and about the only 
way this can be done is by the use of formulae 
obtained by theoretical reasoning held in check by 
the results of practical work. A theory always 
ought to be checked against practice. 


Power Consumed in Two Ways 

Power is consumed by ball and pebble mills as 
(a) friction losses in bearings and gearing, and (b) 
energy spent upon the free balls or pebbles within 
the mill, and by them spent upon the ore, or other 
pebbles, or on the lining, or returned to the miU. 

The variations in thickness of oil films in the 
bearings differ only slightly from no load to full 
load, and, except possibly in the main bearings, they 
are nearly constant for constant speed. Experience 
with steam engines under all load conditions has 
shown that, for constant speed, the friction loss is 
nearly constant at all loads; any statement by an 
engine manufacturer as to the mechanical efficiency 
of his engine at different loads will be based upon 
this fact. As the weight of the combined charge 
in ball mills is usually less than that of the mill 
parts carried by the trunnions, in the absence of 
specific data to the contrary one cannot be far 
afield in assuming that the friction load of these 
mills is practically constant for all loads at con¬ 
stant speed. There remains, then, the internal 
power consumption to be considered. 

Some years ago in casting about for a method 
of studying the action in pebble mills without great 
outlay for apparatus it was found that some quanti¬ 
tative results of reasonable accuracy could be ob¬ 
tained from apparatus which at first was intended 
only for superficial and qualitative work. The 
average man without a lalwratory at his disposal 
finds that to do experimental work in which varia¬ 
tions in speeds are necessary a lot of pulleys are 
required, or a variable-speed motor is essential, 
and many difficulties are encountered which detract 
from the enjoyment, if not the accuracy, of the 
work. My apparatus eliminated all outside diffi¬ 
culties, as well as the friction in the driving mechan¬ 
ism, and I was able to measure power relatively, if 
not actually, in an entirely satisfactory way. 
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The ball mill itself was 4 in. in diameter and 
about 3 in. wide. It was made of a marshmallow 
box, the glass from a small picture frame, and a 
sack of marbles. With a can opener, one side of the 
box was cut out and the glass inserted, through 
which the action could be studied. The power plant 
consisted of a straight plank 4 ft. long; and the 
auxiliary apparatus comprised a ruler and a watch 
with a second-hand. The general plan of this ap¬ 
paratus is shown in Fig. 1. The most interesting 



Pig:. 1. Arrangement for Rotating Experimental Ball Mill. 

thing about the device, and one which made quanti¬ 
tative measurements possible, was the fact that 
when the mill was partly loaded with balls, and the 
power plant was tilted up to make the balls roll 
over, cascade or throw over as in practical mills, 
the mill rolled down hill at a constant speed at 
which no variation in internal movements could be 
discerned. With the mill running down hill at a 
constant speed, the speed conditions of a practical 
mill are present, and it can easily be shown that 
with constant speed on a constant incline the power 
is constant, as in practical machines. 

If the mill were empty, or were entirely filled 
with balls, or if the power plant were tipped up so 
that the speed increased to the extent of making 
the balls cling to the periphery, the mill rolled down 
hill at an accelerating speed, which of course was 
useless for power comparisons. 

The matter of determining whether the speed 
was constant in such a simple apparatus may per¬ 
haps be questioned. Determinations were made 
by sound, character of the falling stream of balls 
at different points, and a little appreciation that 
certain laws of mechanics which will not be stated 
here would apply. The appearance of the falling 
stream of balls was obtained by taking a definite 
position opposite the path of the rolling cylinder 
and winking the eyes as it passed, getting about the 
same image one would get by a similar procedure 
opposite a mill rotating on a fixed axis. 

Of course great accuracy and absolute assurance 
of constant speed could have been obtained by using 
a board or incline of considerable length for the 
power plant and with two or more observers, but 
the results came out in such a satisfactory manner 
that a more elaborate test seemed of little import¬ 
ance at the time. 

Nothing new was found to add to that which 
has already been published with regard to the way 
in which the balls distribute themselves in falling. 
At slower speeds they rolled down over each other; 
at higher speeds they threw over, and at still higher 
speeds they clung to the rim, all of which is in 
accordance with the laws of mechanics. 

In .these tests it was usually necessary to start 
the mill with a shove. Record was kept of the 
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height of one end of the 4-ft. plank, of the number 
of balls (marbles) in the mill, and the time taken 
to roll the four feet down the incline. To make 
the work easier, the end of the board was adjusted 
to make the time a fixed quantity, and five observa¬ 
tions under each condition were made and aver- 

hM 

aged. The relative power was proportional to-, 

t 

in which; 

h = height one end of plank was raised above 
other, 

M = number of marbles in mill (all. of same 
size), and 

t = time in seconds to roll four feet at con¬ 
stant speed. 

The critical speed for the rim of this mill (such 
that centrifugal force equals gravity) is about 2.2 
revolutions per second, or about 131 r.p.m. Its cir¬ 
cumference is 13 in.; it would travel down the four 
feet in 1.56 seconds at the critical speed of the rim, 
if at constant speed; as indicated before, this could 
not be determined experimentally. As the marbles 
had a diameter of about in., the effective critical 
diameter was in. less than the nominal diameter, 
so that the critical speed was somewhat nearer to 
one that would make it travel the four feet in almost 
two seconds. 

Fig. 2 shows the relative power-load curves for 
this little mill, with times which approximate those 
of the speeds in practice. Consistent curves were 
obtained, and indicate interesting results, most of 
which, it must be admitted, have been determined by 
operators by testing large mills (at considerable ex¬ 
pense, even if it were worth it, which I do not deny). 

The power is maximum with a load between 60 
and 75 per cent of the mill capacity, apparently de¬ 
pending slightly upon the speed at which the mill 
is run. Hardly enough data are available, however, 
to warrant the statement that at higher speeds 
somewhat heavier pebble loads may be carried for 
maximum capacity. With loads used in practice 
the power consumed is a direct function of the 
ball load. (Note how all the curves, if extended, 
apparently would pass through the zero of the 
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diagram). For a given mill, the power consumed 
increases a little more rapidly than directly pro¬ 
portional to the speed. Of course, as the pebbles 
begin to cling to the rim when the critical speed 
is exceeded, it is to be expected that the power 
consumption would decrease. The apparatus used 
could hardly determine that point, which, after 
all, is of minor importance, practically. 

The data show that up to above half load, the 
power varies directly as the ball charge; in Davis’ 
paper (Trans. A. I. M. E., Vol. 61) he derives some 
mathematical formulae for the jwwer and shows 
that it increases much more rapidly than is pro¬ 
portional to the ball charge. One of the values in 
his table given below (Table I) is plotted dotted 
on Fig. 2. There appears to be a marked dis¬ 
crepancy. 

TABKB Z. HOMBPOWn BBQBIBBB PBB POOT OP 
MIBB BBBOTH. 


a 


-Portion of Mill Volume Occupied by Charge- 


Feet 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

1 

0.0023 

0.0099 

0.022 

0.042 

0.066 

0.093 

2 

0.0265 

0.110 

0.254 

0.46 

0.73 

1.04 

3 

0.1087 

0.463 

1.07 

1.94 

3.07 

4.38 

4 

0.288 

1.24 

2.87 

5.22 

8.25 

11.78 

5 

0.64 

2.72 

6.29 

11.43 

18.07 

25.74 

6 

1.20 

5.16 

11.88 

21.47 

34.14 

48.69 

7 

2.06 

8.85 

20.43 

37.06 

58.61 

83.53 

8 

3.26 1 

14.12 

32.54 

59.08 

93.46 

133.32 

9 

4.96 

21.32 

49.09 

89.31 

141.24 

201.33 

10 

7.13 1 

30.81 

71.06 

129.00 

204.07 

291.10 


For most efficient calculated speed, charge weighing 325 
lbs. per cu. ft. 

(The above is Table 16 in Davis’ article referred to in the 
text. 


Davis’ formula for horsepower, which can best 
be understood from his paper already referred to, 
is of form hp.=Wr “/3 times the summation of A, 
B, and C, in which W is the weight of ball charge, 
r is the radius of the mill, and A, B, and C are 
constants depending upon functions of the ratios 
of diameters of the charges. Now, for a given ratio 
of ball charge to mill volume, W per foot of length 
varies as r*, so that for constant ratio of load to 
mill volume, hp. = rVz times a constant. 

About the time I made the ball-mill studies I 
also determined a formula for the horsepower of a 
ball mill, deriving it as follows; 

Weight of balls per foot of length = r® times 
a constant; height of ball rise in mill == r times a 
constant; speed of rotation of mill = constant 
divided by Vr. 

This will check with Davis’ derivation, as well 
as with a number of others. All other conditions 
being constant, the product of these three factors 
is a measure of the horsepower absorbed by the 
mill in raising the balls, thus; 

hp. = times a constant. 

There is also another formula (?) for the horse¬ 
power of a ball mill, and it probably is the best of 
the lot; that of the manufacturers who have built 
a number of these mills. This formula is based 
on one big guess, plenty of grief, and a caution, or 
play-it-safe, factor. For the power consumption 
of commercial mills, where it can be measured with 
wattmeters by operators who are on the lookout for 
betterments and perhaps for come-backs at the 
manufacturer, the manufacturer’s tables are likely 
to be close to the correct values. In Table II are 
given the iwwer requirements of mills of various 
diameters, one foot long, by Davis’ formula, by 


the five-halves formula, and the actual horsepowers 
from manufacturers’ catalogs, each column being 
for the length of mill for which the most data were 
available. No apologies are offered to other manu¬ 
facturers ; the catalogs of the two named happened 
to be handiest, and they are about representative 
figures. 
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83 
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,. 
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9 
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2700 I 
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The difference between the two formulas are 
particularly noticeable in the table as the diameters 
increase. In the manufacturers’ tables there is 
agreement in the upper part of columns 5 and 6; 
column 4 has values throughout a little over half 
the values in column 5. Column 7 appears to in¬ 
crease more rapidly with diameter than do the 
others, and this may be explained by the character¬ 
istics of the mill. For columns 4, 5, and 6, the 
formula has the form: hp. = r* to times a con¬ 
stant. For column 7: hp = r® ” times a constant. 

If, in using the horsepower values of columns 6 
and 6, the diameter be reduced by six inches to get 
the true mill diameter, and this value used in the 
horsepower formula, the following will show the 
relation: hp. = r“ times a constant. This checks 
with my calculated formula. 

Here are several formulas for the horsepower 
of a ball mill, in which the effect of one factor 
varies to a considerable extent. The manufacturers’ 
tables check more closely with my five-halves 
formula, and of course I am inclined to think, that 
it is approximately correct. But any one who runs 
through the mathematics whereby Davis derives his 
formula will believe it to be correct. Apparently 
there is no error, unless in assumptions as to the 
use of the energy inside the mill. 

Davis bases his expression for horsepower upon 
the kinetic energy of the balls as they strike the 
side of the mill or the other pebbles at the end of 
their fall through the mill; I base mine upon the 
energy required to lift them to the point from which 
they start upon their free course through the mill. 
There cannot be much difference between these two 
assumptions. One method is a somewhat practical 
way of determining the power, and it checks with 
practical experiences; the other is a purely mathe¬ 
matical process, and looks logical throughout; but 
it does not check vrith experience, or at least it does 
not appear to do so. 

It should be noted that in the experimental tests 
and in all the mathematical work outlined no con¬ 
sideration was given to the fact that in an operating 
mill there would be rock and probably water, in 
addition to the balls; however, there appears to be 
nothing in either the rock or water that would not 
conform to the same theory as outlined for the balls. 

—By A. O. Gates. Written for Engineering & Mining Journal. 


SECTION XVII. 


MINING CATALOG 


Digitized by 


Google 
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BELT, GEAR AND CHAIN DRIVES 
FOR GRINDING MILLS 


The mechanical arrangement for the driving of 
tube, ball, and rod mills is capable of a number 
of variations, no one of which can be termed uni¬ 
versally the best. Thus, in a given mill which may 
be designed for an uncertain length of operating 
time, due to limited mine development or small 
ore reserves, the saving of first cost may be the 
vital element. A relatively cheap drive in first 
cost may suffice, although the maintenance costs 
may be high and safety considerations be sacrificed. 
On the other hand, in a mill designed for heavy 
continuous operation over a period of ten to fifteen 
years or longer, first cost becomes secondary and 
operation and maintenance of primary importance. 

From a mechanical point of view, the driving 
of tube, ball, and rod mills is essentially alike. Each 
consists of a cylindrical or conical shell, lined with 
wearing plates which may or may not be ribbed. 
Usually the shell is supported on hollow trunnion 
bearings, or, in some mills, one bearing is a hollow 
trunnion and the other is constructed of a ring 
about the mill supported on rollers. The selection 
of drive is not greatly influenced by the trunnion 
or trunnion and ring support. The weight to be 
rotated is great and the speed attained is com¬ 
paratively low. 

Continuous Vibration Most Be Overcome by Drive 
Mechanism 

The power required varies with the size and 
tjTW of mill, but may reach a maximum of 215 H. P. 
in the larger ball mills and may be as low as V2,y% 
H. P. for the smallest conical mill. Owing to the 
pebble or ball load constantly adjusting itself, the 
power curve consists of a series of maxima and 
minima, the difference between the peaks and de¬ 
pressions of the power curve depending upon the 
ball loading, the proportion of water, the condition 
qf the lining and ribs, and the maintenance of the 
alignment of the mill. The result is a continuous 
vibration which must be overcome in the driving 
mechanism and which wears the bearings and 
other parts of the drive. There is no end thrust 
if the mill is perfectly aliped, but this is seldom 
continuously possible. This end thrust is, under 
common operating conditions, readily taken care 
of by the trunnion bearings. 

The principal function of the drive is to reduce 
the spe^ of the motor to the low speed of the 
mill. Although this appears to be easy, it is 
surprising to note the variety of arrangements 
that are in current use. One of the first drives 
which I had an opportunity of studying was in¬ 
stalled at the Butters’ plant at Virginia City. This 
consisted of a motor and a belt drive of about 30 ft. 
centers to a countershaft which carried a friction 
clutch puUey and a bevel pinion which meshed with 
a bevel gear on the tube mill. The arrangement 
gave a lot of trouble, owing to the end thrust pro¬ 
duced by the bevel gears. It admitted of a compact 
arrangement, but the belt was in a bad place for 
the operators. This form of drive has disappeared. 


Horizontal Belt Drive 

The simplest drive is a horizontal belt drive from 
the motor to a countershaft and a spur gear drive 
from the countershaft to the mill. Mechanically 
this arrangement is sufficient where a proper 
distance is allowed between pulley centers and the 
loose side of the belt is above. Driving several mills 
from an overhead lineshaft by belts to the mill 
countershaft is sometimes done, but it is necessary 
to use a belt tightener. This arrangement is in 
use at the mill of the Carson Hill Gold Mining Co., 
at Melones. Three conical mills are driven from 
an overhead lineshaft. The horizontal belt drive is 
objectionable, both on account of the mill space 
taken up and the dangerous position of the belt. 
The overhead drive with belt tightener does not 
take up floor space, and the belt is out of the way. 
Though objectionable mechanically, no special 
criticism of the arrangement from the metallur¬ 
gical standpoint is warrantable. 

Short Center Drive 

The most recent belt drive is the short-center 
drive which is carried either horizontally or ver¬ 
tically from above the countershaft. Short-center 
belt drives with well-designed idler pulleys, such as 
the “Meeseco” and others of similar design, answer 
the purposes excellently, and many mills are driven 
in this manner. The pulley ratios are from 1 to 5, 
and higher ratios are practicable. The drive is 
noiseless and the slippage small. The floor space is 
greatly reduced as compared with the horizontal 
belt drive. The objection to the short-center belt 
drive is the increased cost of belt maintenance as 
compared with the horizontal belt drive. The rapid 
bending back and forth of the belt due to passing 
around the driving pulley and the idler undoubtedly 
wears out the belt much more rapidly than a drive 
where the belt bending is consistently in one direc¬ 
tion. With well-proportioned and flexible belts the 
belt maintenance can be reduced to a minimum. 

Advantages and Disadvantages of Belt Drives 

An objection to all belt drives is the element of 
danger in their use. Also, when they slip off the 
pulleys they are difficult to replace. Being close 
to the mill they prevent ready access to all parts 
of it and are likely to be interfered with by mud, 
sand, and pulp which splashes and leaks from bolt 
holes occasionally. They are lower in first cost 
than any other drive and are therefore worthy of 
consideration for very small mills and low first 
cost plants. A flexible coupling is not required, 
but a friction-clutch pulley, in the absence of a belt 
tightener between the motor and countershaft, is 
usually necessary where standard squirrel-cage in¬ 
duction motors are used and is always necessary 
where synchronous motors (rarely employed) are 
used. The placing of a friction-clutch pulley on 
the countershaft is objectionable, as there is more 
or less spillage of sand and pulp about the mill, 
and some of it inevitably gets into the clutch, inter¬ 
fering with its operation. The result is dissatis¬ 
faction and sometimes damage to the electrical 
equipment follows. 
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Silent Chain Drives 

The silent chain drive has been adopted to some 
extent. The arrangement consists of a chain drive 
interposed between motor and countershaft and 
the driving of the mill from the countershaft by 
spur or herringbone gears. Neither flexible coup¬ 
ling nor clutch is required, but a clutch is necessary 
where motors of low starting torque are used. The 
arrangement is compact and admits of the motor 
being placed at some distance from the mill, where 
it will be protected from spillage. It is safe and 
efficient, and mechanically it works well. If un¬ 
protected by suitable housing, the chain is exposed 
to a certain amount of dust and dirt. The operating 
objections are the upkeep due to wear and the 
breakage of chain rods. When worn there is con¬ 
siderable back lash, but this can be compensated 
by the motor-base adjustment. The principal ob¬ 
jections are its first cost and the expense for pro¬ 
viding a suitable housing. By the use of a cast- 
iron spur gear for pinion and mill gear a saving 
in first cost is possible. On the whole, it is better 
than a belt drive if the additional first cost is allow¬ 
able. 


Gears 

It is obvious that either spur or helical gears 
can be substituted for the chain drive. A double 
reduction of the motor speed by two ?ets of gears 
has certain mechanical advantages. It is more 
compact than the chain drive and can be readily 
housed. A flexible coupling is necessary between 
the motor and the pinion of the first gear. The 
maintenance cost is low and the first cost is lower 
than for a chain drive of equivalent speed ratio. 
Helical gears are to be preferred in place of spur 
gears, as the sliding contact secured reduces the 
effect of the vibration caused by the mill load and 
thus reduces the wear to a minimum. The pre¬ 
ferable arrangement would be helical gears for the 
countershaft drive and a steel spur gear for the mill 
drive. A still lower first cost would be secured by 
a cast-iron gear for the mill drive. 

Spur Gear Reducers 

Various spur-gear reducers are u^n the market. 
These consist of a self-contained unit admitting of 
a given reduction of speed between the motor and 
the countershaft. They are in effect the same as 
the gear drive just described. Some recent installa¬ 
tions have adopted them. They are compact; the 
gears run in a bath of oil, and the upkeep and main¬ 
tenance are low. As the speed reduction is large, 
they admit of the use of a high-speed motor, with 
consequent reduction in the motor cost. The speed- 
reduction unit is high in first cost and is therefore 
more suitable for large, long-lived plants. The ar¬ 
rangement protects the motor, is satisfactory from 
a metallurgical standpoint, and is more compact 
than the silent chain or ordinary double-gear drive. 
A flexible coupling between motor and speed reducer 
is required. 

Single Gear Drive 

The simplest drive from a mechanical standpoint 
is the single gear drive with countershaft direct 
connected to the motor through an interposed flex¬ 


ible coupling, an arrangement which brings the 
motor in close proximity to the mill and exposes 
it to spillage. The gears can be cheaply housed, 
however, and with reasonable care in operation 
there is comparatively little trouble from spillage. 
It is the most compact arrangement and may or 
may not be of lower first cost as compared with 
double-gear drive and speed-reducing gears. 

Use of Herringbone Gear Gives Best Results 

The double helical or herringbone gear drive is 
essential for satisfactory operation. With the 
herringbone gear a gear ratio of as high as 1 to 20 
can be satisfactorily used. This calls for a counter¬ 
shaft speed of from 346 to 460 r. p. m., and there¬ 
fore for a special low-speed motor. These motors 
can, however, be economically produced, although 
they are of higher cost than the standard induction 
motors. It is not economical to design small motors 
suitable for low speeds r^uired by the single re¬ 
duction drive, and this drive is therefore restricted 
to the larger sizes of ball and rod mills. Under 
careless operating conditions a comparatively high 
pinion wear is to be expected, on account of the 
exposed position of the gears, and this element 
should be given consideration, as the gears and 
pinion are expensive. Apart from this, the main¬ 
tenance cost is low, and the method of driving has 
been favored in the large long-lived plants. Satis¬ 
faction is generally expressed by users of this ar¬ 
rangement. 

Individual and Group Drives 

Individual drives are most satisfactory for large 
mills and the larger plants. For the smaller mills 
and smaller plants, group drives are often used, 
although a complete analysis of each individual 
operation is essential to determine whether they are 
more economical in first cost and in operation. 
Against the saving in first cost of a single large 
motor as compared with the cost of individual 
smaller motors, the cost of the line shaft, its instal¬ 
lation, and the power used in its operation must be 
placed. The cost for wiring and motor controls is 
greater with an individual than with a group drive. 
The individual drive has the advantage of a smaller 
reduction in mill capacity than the group drive in 
cases of lineshaft and motor troubles. The group 
drive with belts and belt tighteners works out fairly 
well, although it is not as safe in operation as other 
drives. 

Motors 

Motors used for ball, tube, and rod mills all 
require comparatively heavy starting torque. This 
is in excess of full-load torque. Motors for long 
tube mills require times full-load torque at 
starting, whereas motors for large-diameter ball 
and rod mills require twice the full-load torque. 
Squirrel-cage motors designed for particularly high 
starting torque can be used, but when permissible, 
wound-rotor motors are preferable. Wound-rotor 
motors are necessary for all large ball and rod 
mills. 

Acknowledgment is made to Girard B. Rosen¬ 
blatt and others for freely discussing their experi¬ 
ence on this subject. 

—By Geor8:e J. Youngr, Western Editor, Engrineering & Min¬ 
ing Journal-Press. 
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THE DESIGN OF A BELT CONVEYOR 


The nature of the work performed by conveyors 
makes it evident that two equipments are . seldom 
exactly alike. There are, however, a few principles 
of desi£^ and operation applying to all conveyors, 
which, if carefully observed, will insure to the 
operator a long and satisfactory service. 

To illustrate the design of a conveyor, we will 
assume a set of requirements and proceed with the 
successive steps involved in designing a conveyor 
to meet those requirements. For example, let us 
assume that we wish to carry crushed stone from 
our crusher a distance of 250 ft. to our bins which 
are located over a railroad track, making it neces¬ 
sary to elevate the material 70 ft. above the point 
where it is received from the crusher. 

Preliminary Data 

The first step is to list all the conditions which 
must be met by our proposed equipment. On study¬ 
ing our problem we find the following: 

1— We must carry 2400 tons per day of 8 hours. 

2 — The capacity of the crusher is 375 tons per 
hour. 

3— ^The maximum size piece is 5" and 90% of 
the material is under that size. 

4— It will be necessary to discharge the crushed 
stone into any one of our four bins at will. 

5— ^There is ample room at the top of the 
farthest bin to locate a motor and driving gearing 
for the conveyor. 

With these figures before us, we make a scale 
drawing, which shows, in outline, our proposed 
conveyor. 



Width of Belt 

Our next step is to ascertain the wi^th of belt 
required. This is determined by: 

a—^The maximum size of piece to be carried. 

b—^The speed at which the belt should run when 
receiving the character of material which we are 
going to carry. 

0 —The tonnage to be carried. 

.a—In the second column of Table 1, “Capacities 
of Belt Conveyors,” (See tables at end of this 
article) we note that a belt not less than 18" wide 
is necessary to carry material whose maximum size 
pieces are 5". 

Even though the tonnage requirements indicate 
a narrower belt, the width given in the first column 
of Table 1 should be adhered to as a minimum, 
when carrying the size pieces indicated in the sec¬ 
ond column. 

b—^Table 3 gives the maximum advisable speed 
for crushed stone at 350 F.P.M. When the maxi¬ 
mum size is as large as 5", a speed of 300 F.P.M. 
is more desirable in that the belt will last longer. 
Speed at Which the Belt Should Run 

The speed at which a conveyor belt should be 
run is determined by: 

1 —^The width of the belt. 


2 — ^The character of the material carried. 

3— ^The amount of breakage allowable at the 
discharge. 

4— The capacity desired. 

Colunm 3 of Table 1 gives the maximum qpeed- 
at which a given width of belt may be run. Table 
3 gives the best speed corresponding to various ma¬ 
terials. Picker Conveyors are run at 40 to 50 
F.P.M. and Package Conveyors at 75 to 123 F;P.M. 

To obtain the lowest tonnage cost, the speed 
should always be sufficiently low to keep the belt 
pretty well filled with the material being carried. 
At speeds under 150 F.P.M. the economy of a belt 
conveyor compared to other conveyors when hand¬ 
ling bulk material is questionable. 

Weight Per Cubic Foot of Material Carried 

c—Our preliminary data shows that we must 
carry a total of 2,400 tons in 8 hours, or an average 
of 300 tons per hour. The capacity of the crusher, 
however, is 375 tons per hour. Evidently the feed 
onto the belt will be rather irregular and it will 
be necessary to use a belt wide enough to carry 
the full capacity of the crusher. Table 3 also tells 
us that crushed stone weighs approximately 110 
lbs. per cubic foot. Now with these three figures 
before us, viz., 375 tons per hour, 300 F.P.M., and 
110 lbs. per cubic foot, we consult Table 1. Here 
we find that a 30" belt at a speed of 100 F.P.M. 
will carry 135 tons per hour of a material weighing 
100 lbs. per cubic foot. At 300 F.P.M. it evidently 
will car^ three times 135 or 405 tons per hour. 
Since this is but slightly over the 375 tons we wish 
to carry, we will use a 30" belt. 

The figures given in Table 1 as the capacities 
for the various widths of belt at a speed of 100 
F.P.M. are based upon the assumption that the 
material is fed to the belt in a continuous stream. 
If the flow of material is not uniform it is evident 
that the belt must be large enough to handle the 
maximum quantity of material which may be fed 
to it at any one time. The various feeding devices 
used to insure a uniform flow of material to a belt 
are discussed further on in this article. 

Selection of Proper Ply 

The ply of a conveyor belt is determined by: 

a—The width of belt. 

b—^The size, weight per cubic foot and abrasive 
character of the material fed to the belt. 

c—The tension in the belt when it is being 
operated. 

a—Table 4, which gives the usual ply used for 
belts of given widths, shows that a 30" belt may 
be from 5 to 8 ply. 

The relation between width and ply is based 
largely upon considerations of flexibility. A nar¬ 
row belt must not be too stiff to trough properly 
and a wide belt must be heavy enough to prevent 
buckling. In the case of grain conveyors, lighter 
plies than those given in the tables may be used. 

b —We will assume that the stone which we 
are going to carry is a hard, sharp material such 
as Trap Rock. For this condition an 8-ply belt will 
be advisable. The body of an 8-ply belt is needed 
to withstand the abrasive impact of a 5" piece of 
Trap Rock. 
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Ply Largely Determined by Material Carried 

If the maximum size pieces in our example had 
been 2" we could have used a 6-ply belt. If we 
had wished to carry run of mine coal, which is 
much lighter and softer than trap rock, we could 
have used a 6-ply, while 5-ply would have been 
sufficient to carry crushed coal, and 4-ply would be 
suitable for carrying grain. 

Loading 

Hopper 


/efev-r—»—» » » 



^ 

Head ^ Troughed Belt—Horizontal 

Tail 

Receives material at hopper spout 
over head pulley 
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Flat or Troughed Belt—Horiaontal 
Receives material at hopper spout and discharges 
over tripper at various points. 
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Flat or Troughed Belt—Horizontal 
Receives material at hopper spout and diacharges over 
trippers at fixed points and over head pulley. 
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Hopper 



Fig. 4. 

M^hod of Discharge horn one conveyor 
to another running at-right angles. 


Ply Also Determined by the Tension in the Belt 

c-y-To find the tension in the belt when it is 
running, it is necessary first to get the horsepower 
required to drive the conveyor. From Table 5 we 
find it requires 3.54 H.P. to run a 30" conveyor 
empty at a speed of 300 F.P.M. This is for a 
length of 100 ft., and since ours is to be 250 ft., 
it requires 2.5 X 3.54 = 8.85 H.P. In order to 
distribute the stone at will into any one of the 
four bins, we will require a tripper. (See discus¬ 
sion of Trippers.) From the last column of Table 
5 we find the use of a tripper will add 2.5 H.P., 
making 11.35. Finally we must add 8% because 
we wish to use an 8-ply belt (see foot note under 
Table 5), giving us 11.35 X 1-08 = 12.25 H.P. re¬ 
quired to drive the conveyor empty. 

From Table 6 we find that it requires 2.1 H.P. 
to convey 100 tons per hour a horizontal distance 
of 250 ft., or 3.75 X 2.1 = 7.88 H.P. to convey 375 
tons the same distance. 

From Table 8 we find that it requires 7.0 H.P. 
to elevate 100 tons per hour to a height of 70 ft. 
It will therefore require 3.75 X 7.0 = 26.25 H.P. 
to elevate 375 tons per hour the same height. 
Adding together these figures, we get: 

H.P. required to operate empty con¬ 


veyor . 12.25 

H.P. required to convey 375 tons 

per hour a distance of 150 ft... 7.88 

H.P. required to elevate 375 tons 

per hour a height of 70 ft_26.25 


Total. 46.38 


The tension in the belt arising from the horse 
power transmitted to it by the driving pulley is 
found by the formula: 

Horse Power X 33,000 

---- Effective Tension—F 

Speed in Feet Per Minute 

This is usually called “Effective Pull.” The re¬ 
lation between ply and Effective Pull—F is ex¬ 
pressed by the formula: 

H.P. X 33,000 

-= Ply 

F.P.M. X Width X 20 

Substituting our values in this formula, we get: 
46.38 X 33,000 

-= 8.5 ply 

300 X 30 X 20 

The fi^re “20” in this formula is the value 
of F per inch of single ply when we have an arc 
of contact on the head pulley of 180°. By installing 
a snub at the head pulley we can increase the arc 
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Flat or Troughed Belt—Inclined 
Receives material at hopper spout and 
discharges over head pulley. 
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Fig. 6. 

Flat or Troughed Belt—Inclined 
Receives material from hoppers or bins 
and diacharges over head pulley. 
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FlasorTroughed Belt —Inclined 
and Horizontal 
Receives material from hopper on incline and 
discharges over tripper at various points. 
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Fig. 8. 

Flat or Troughed Belt—Inclined and Horizontal 
Receives material from hopper on incline and discharges 
over trippers at fixed points and over head pulley. 


Tad 


of contact to 200°, which will increase F from 
20 to 21.3. The formula then becomes: 

46.38 X 33,000 

-= 8 ply 

300 X 30 X 21.3 


Use of Snub Increases Effective PuH 

The installation of a snub pulley enables us to 
use an 8-ply where otherwise it would have been 
necessary to use a 9-ply belt. The amount F is 
increased by increasing the arc of contact on the 
driving pulley, as given in Table 7. 

”” The ply chosen must always be the greatest 
found necessary from a consideration of the three 
conditions, a, b and c, given above. For instance, 
if the tension on the belt should only require a 
5-ply but the size and character of material should 
require an 8, then an 8-ply must be used. 

The relation of width to ply given in Table 4 
is based on the use of troughing idlers. If the belt 
is run flat, practically any ply can be used. If the 
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troughing angle is greater than 20® a lighter belt 
than that indicated must be used. 

Maximum Allowable Tension 

Observations of a great many installations have 
shown that to insure an efficient operation the ten¬ 
sion in a conveyor belt should not exceed 30 pounds 
per inch of width of single ply. This is the Max¬ 
imum Tension-T in the belt as it approaches the 
driving pulley and is the sum of the Effective 
Pull-F and the Minimum Tension-T^, 

The Mininmum Tension-Tj is the tension in the 
belt as it leaves the driving pulley. It is applied 
to the belt by the takeups to prevent the driving 
pulley from slipping and should never be greater 
than just enough to prevent such slipping. 

The Effective Pull-F is the tension in the belt 
arising from the horse power transmitted to it by 
the driving pulley. 

It has been demonstrated that under ordinary 
conditions with an arc of contact of 180° on the 
driving pulley (a half wrap around the pulley) a 
Maximum Tension-T of 30 pounds permits an Effec¬ 
tive Pull F, of 20 pounds with a necessary Mini¬ 
mum Tension-Ti of 10 pounds. This Effective 
Pull-F = 20 pounds Is the value “20” used in the 
formula: 

H.P. X 33,000 

-= Ply 

F.P.M. X Width X 20 

The Minimum Tension-Tj necessary may be 
reduced and therefore the Effective Tension in¬ 
creased by lagging the driving pulley or by using 
a tandem drive. (See discussion on later page.) 



Shafts for Combined Torsion and Bending:. 

Tensile strength assumed, 62,500 lbs. Torsional moments 
In thousands of inch pounds. 

Head and Tail Pulleys 

Table 4 gives 42" and 30" respectively as the 
proper diameter for the head and tail pulleys of 
a 30" X 8-ply conveyor. These pulleys should be 
crowned and should be 2" wider than the belt. 

Shafting 

The chart gives diameters of shafts to be used 
when the horsepower, pulley diameters and R.P.M. 
are known, the bending moment and torsional mo¬ 
ment being computed from these figures. From 
this chart we find our example requires a 4ii" 
shaft for the 42" head pulley and 3H" shaft for 
the 30" tail pulley. 
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Large Head and Tail Pulleys Increase the 
Life of Belt 

It is very important that the driving pulley 
should be of ample diameter. It is also important 
that the diameters should be ample in tail pulleys. 
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Fig. 2. Typical Arrangement of Head Pulley and Driving 
Machinery. 


snub pulleys, automatic takeup pulleys, etc. When 
the diameters are too small, the fibres of the belt 
are unduly stressed and their resistance to the 
abrasive action of the material carried is greatly 
reduced. 

Table 4 gives suitable diameters for head and 
tail pulleys for average conditions. When the ten¬ 
sion on the belt is exceptionally heavy, larger pul¬ 
leys should be used. The tail pulley should not 
be used as a driving pulley unless absolutely neces¬ 
sary. 

Snub Pulleys 

It frequently happens that the character of 
material carried requires only a light ply, but due 
either to the length of the conveyor or the height 
to which the material is elevated, the horse power 
required to drive it necessitates a heavier belt. In 
this case it is desirable to place a snub pulley near 
the driving pulley to increase the arc of contact, 
as we did in our example. This will increase the 
horse power which can be transmitted to the belt 
without increasing the tension on the belt. Increas¬ 
ing the arc of contact to 230° will increase the 
horse power which can be transmitted to the belt 
15%, thus making it possible to use a 6-ply where 
otherwise a 7-ply would be required. 

The diameter of the snub pulley should be 
three times the ply of the belt. Under no condition 
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should a return roller be used as a snub, either at 
the head or tail pulley. The disadvantage of a 
snub lies in the fact that the reverse bending of 
the belt causes the carrying surface to wear some¬ 
what more rapidly. When sticky plastic material 
is carried, a scraper must be provided to keep the 
snub pulley clean. 



Fig. 5. Drive Without Snub. 

Figure 2 gives a typical arrangement for a 
drive showing a desirable location for the driving 
shaft and the reduction gearing. 

Tandem Drive 

The “Tandem Drive” shown in detail in Figure 
4 is the most effective drive for a conveyor, and 
should be used where the work is so heavy that a 
snub will not increase sufficiently the effective pull 
in proportion to the Maximum Tension-T on the 
belt. 

A Tandem Drive can be located anywhere on 
the return side of the conveyor, but preferably near 
head pulley. 

The two driving pulleys “A” and “B” are 
geared together. An arc of contact of approxi¬ 
mately 230° may be obtained on “A” and 220° 
on “B.” 

From Table 7 we see that when the arc of con¬ 
tact is 230° the Effective Pull-F is 22.7 and the 
Minimum Tension Tj is 7.3. This is the condition 
on pulley “A.” When the arc is 220° and the 
Maximum Tension 30, the Effective Pull-F = 22.2 
and the Minimum Tension-Tj = 7.8. In the case 
of pulley “B,” however, the Maximum T is 7.3, the 
same as the tension in the belt as it leaves pulley 
“A.” From the relation T:F:Ti = 30:22.2:7.8 we 
obtain the values of F = 6.3 and T, = 2 for the 
tensions on pulley “B.” Adding together the Effec¬ 
tive Pulls for the two pulleys, “A” and “B,” we 
get 22.7 -1- 6.3 = 28 pounds, which is the Effective 
Pull for the drive. 

By using the Tandem Drive, we would reduce 
the tension in the return side of the belt from 10 



Fi&. 4. Typical Arrangement of Tandem Drive. 

to 2 pounds and increase the Effective Pull from 
20 to 28, a gain of 40%, without increasing the 
Maximum Tension above the allowable figure, 30 
pounds. 

Lagging the Driving Pulley 

Lagging the driving pulley with rubber belting 
will increase the possible effective pull about 16% 
when the material carried is moist. It is especially 


advisable to rubber lag pulley “B” in a tandem 
drive. The rubber lagging acts as a cushion for 
material which may adhere to the carrying face of 
the belt and otherwise would be forced into the 
belt by the hard face of an iron pulley. 

Takeups 

The 600-foot belt in our example would require 
an adjustable takeup with a 36" movement. An 
adjustable takeup makes it possible to keep the 
belt at the proper tension. 



Fig. 6. Typical Arrangement of Tall Machinery and Framing. 


Automatic Takeup 

The movement of a takeup should be about 1% 
of the length of the conveyor. Figure 6 shows a 
standard screw takeup installed at the tail puUey. 
Figure 7 shows an automatic takeup which can be 
installed anywhere on the return side of the belt 
between the driving pulley and the tail pulley. TTiis 
latter type is especially desirable when the conveyor 
is very long or when there are marked changes in 
the atmospheric humidity or the moisture in the 
material carried. The weights will rise and fall 
with the change in length of the belt, thereby main¬ 
taining a constant predetermined tension in the 



belt. The weight used should be the TniniTnnm 
required to prevent the driving pulley from slip¬ 
ping. The diameters of the pulleys used in an 
automatic takeup should be three times the num¬ 
ber of plies in the belt. An automatic takeup in 
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conjunction with a tandem drive is a very desirable 
equipment. 

Spacing of Idlers 

From columns 7 and 8 of Table 4 we find the 
carrying rollers should be located at intervals of 
2 ' 6" and the return rollers at intervals of 10' when 
a 30" X 8-ply belt is used. 

As may be seen from the table the spacing of 
carrying rolls is determined by the weight of the 
material carried and the width of the belt. At the 
feeding point the spacing should be about one-half 
that given in the table. The object of this is to 
prevent spillage and to provide an extra support 
for the belt where it receives the impact from the 
material being fed it. 

Material must never be fed directly over a 
roller unless it is vary fine. The slight “spring” of 
the belt when suspended between rollers is required 
to prevent excessive abrasion from heavy pieces. 

A return roller should never be placed close to 
a driving pulley to increase the arc of contact. 
When this is necessary a snub pulley must be 
installed. 

Alignment of Rollers, Etc. 

Accurate alignment of the head and tail pul¬ 
leys, carrying rollers, return rollers, and snub 
pulleys is of the utmost importance. A snub pulley 
out of line may easily cause the belt to catch on the 
side of the equipment and destroy itself. 

Guide Idlers 

Guide idlers should be placed about 12 ft. from 
the tail pulley and 12 ft. from the head pulley. In 
between these positions they should be spaced about 
30 to 40 ft. The use of guide idlers is more or less 
in the nature of a necessary evil. If the belt rubs 
against them very hard it is proof that some part 
of the equipment is out of line. The disadvantage 
in the use of idlers lies in the fact that it is easier 
for the workmen to install two or three guide idlers, 
in order to make the belt run true than to re-align 
the equipment, with the result that the belt rubs 
against the idlers very hard and wears away until 
it is too narrow to carry the load. 

Character of Feed Is Very Important 

The most important single element in the con¬ 
veyor is the feed. The life of a belt can easily be 
cut in half by the use of an incorrect feeding de¬ 
vice or by failure to keep in order a device which 
originally was correct. 



Pigr. 8. 

BafiSed Chute. 


The ideal condition 
is when the material is 
fed to the center of the 
belt with a velocity 
equal to that of the 
belt and in the direc¬ 
tion of its travel. 
Figure 8 shows a very 
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Plan of Bottom 
Plate. 


good baffled chute used very widely in handling ore. 

When the material contains a quantity of fines 
a grating should be provided, as shown in Figure 9, 
which allows the fines to drop through to the belt, 
thereby furnishing a cushioning bed which will take 
the impact of the larger pieces and thus protect 
the belt. A grating cannot be used with material 
which is moist or contains much earthy matter. 




Fig. 9. Fines Forming Cushion for Coarse Material. Typical 
Arrangement of Skirt Boards. 

Mechanical Feeders 

The maximum capacity of a belt can only be 
utilized by feeding the material to it at a uniform 
rate. Any one of the mechanical feeders shown in 
Figures 10, 11 and 12 is used to accomplish this 
result, the type qf feeder used depending upon the 
characteristics of the material handled and its 
volume. 



Fig. 10. 

Reciprocating Plate 
Feeder. 



Fig. 11. Belt Feeder. ■ 

The reciprocating 
plate feeder and the 
belt or apron feeders ^ 

are especially well | J 

adapted to handle large -cil — 

size material. 

The belt feeder is - 

merely a short belt con- \ 

veyor placed under the ^ • 

hopper opening and ^ 

feeding to the main pir 12 . Rotary 
conveyor. It runs over 

flat rollers spaced very close together and generally 
is operated by sprocket and chain from the tail 
shaft of the main conveyor. 

The Apron Feeder is similar to the Belt Feeder 
with the exception that it is constructed of metal 
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throughout. The apron is built up from a series of 
corrugated steel slats mounted on two strands of 
roller chain and runs over sprockets instead of 
pulleys. 

The Rotary Drum Feeder consists of a cast-iron 
drum or cylinder revolving at the hopper opening. 
The rotation of the drum allows a definite quantity 
of the material to escape at each revolution. Fre¬ 
quently the periphery of the drum is cast with 
rather deep longitudinal corrugations which tend 
to drag the material out in successive measured 
quantities. The Rotary Drum Feeder is adapted 
to feeding small size material. 

Table 9 can be used as a guide in determining 
the thickness of plate to use in designing a chute. 

When the pieces are large and the material 
heavy, thicker plates must be used where the 
impact occurs. 

Skirt boards should be provided at the dis¬ 
charge point of the chute, as shown in Figure 9. 
They should extend from 4 to 7 ft. along the length 
of the belt. A piece of belting should be bolted to 
the lower edge of the skirt board. The Wooden 
portion should be from 1%" to 1%" in thickness, 
from 6" to 8" in height, and from 11 / 2 " to 2" above 
the surface of the belt. The distance between the 
guide boards should not exceed % of*the width of 
the belt. The skirt boards should flare out at the 
discharge end to allow the material to spread out 
gradually upon the belt. 

Discharging Devices 

The great majority of belt conveyors discharge 
over the head pulley. Frequently, however, it is 
necessary to discharge the material at some point 
between the head and tail pulley, for instance, to 
fill one of a series of bins. This operation is taken 
care of by a fixed or movable tripper, shown in out¬ 
line in Figure 13. 



Trippers 

The fixed tripper consists of two pulleys, one 
located above and ahead of the other. ITie belt 
passes over the upper pulley and then over the 
lower one, the material discharging into a chute 


which carries it to either or both sides of the con¬ 
veyor. 

The movable or traveling tripper is similar in 
operation to the fixed tripper. "Die single differ¬ 
ence is that it is mounted with its discharge chute 
on a four-wheeled frame. This frame travels ^ong 
standard T rails, and will discharge the materid 
evenly along its length of travel. It is provided 
with a rail clamp, so that it may be secured at any 
point and thus function as a fixed tripper. 

Movable trippers are of three general types: 

1. Hand propelled trippers which are moved 
from place to place by hand. 



Fig. 14. Arrangement of Tail End to Allow Maximum 
Extension of Tripper Travel. 


2. Self propelled trippers which are moved by 
means of a mechanism which utilizes power from 
the moving conveyor belt. 

3. Automatic trippers which are actuated by 
the motion of the conveyor belt and which travd 
back and forth over a predetermined path without 
attention. 

Owing to the fact that the conveyor belt must 
bend around the tripper pulleys in an “S” shaped 
path, the pulleys must not be too small. Suitable 
diameters are given in Table 10. 

The longest possible travel of a tripper is ob¬ 
tained by deflecting the tail end of the conveyors 
(see Figure 14) so that the angle of the belt is 
approximately the same as the angle which the 
belt assumes as it passes to the tripper. This 
deflection also prevents the belt being lifted from 
the rollers near the feeding chute and causing it 
to foul the chute. Where the belt is deflected the 
carrying roller should be a fiat roller and of gen¬ 
erous diameter. 

Scraper Boards 

When a fiat conveyor is used, the material may 
be removed from the belt at any point by means 
of a scraper board set diagonally across the belt 
as shown in Figure 15. This method should not 
be used if the material is abrasive and has sharp 
cutting edges. 

The scraper board is usually provided with a 
narrow strip of belt attached to its lower edge to 
prevent the board from actually coming into contact 
with the belt. The material drops onto a sloping 
shed or chute extending between the carrying and 
return side of the belt, which prevents any ma- 
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terial lodging on the return side of belt and being 
crushed between the belt and pulley. 

Inclined Conveyora 

As in the case of our example conveyor, it is 
frequently necessary for a conveyor belt to run up 
an incline. The maximum allowable angle of incli¬ 
nation largely depends upon the physical charac¬ 
teristics of the material and the way it is fed to 
the belt. A given material can be carried at a 
much greater angle when fed uniformly than when 
fed intermittently. In general, fine materials, and 
coarse materials containing considerable fines, can 
be carried at a greater angle than sized coarse 
materials. A fine material when wet may be 
carried at a greater angle than when dry. 

When the feed is uniform, it is good practice to 
use an angle of 18° for crushed stone, ore, run of 
mine coal, and sized coke; 20° for fine coal mixed 
with large lumps; 22° for fine coal; 24° for wet 
sand containing loam; and 25° to 30° for pack¬ 
ages, like a sack of meal resting lengthwise with 
the belt. Some materials cannot be carried at an 
angle greater than 15°. 

When a conveyor is inclined during the first part 
of its length and then runs horizontally, it is 
necessary to use a fiat roller at the point where 
the angularity changes, unless the change is made 
very gradually. 

Protection From the Weather 

Rain, snow, ice and direct sunlight in summer 
will cause any belt to deteriorate. A conveyor 
located outside of a building should be well pro¬ 
tected by a substantial housing, provided with 
ample windows and lights to aid in inspection. 

Protection for Return Side of the Belt 

A light wooden decking should extend the full 
length of the conveyor between the two runs of the 
belt. This will prevent material from spilling 
on to the return side and punching holes through 
the belt as it passes around the tail pulley or col¬ 
lecting on the tail pulley if the material is sticky. 

The supporting framework to which the con¬ 
veyor rollers, head pulley and tail pulley are 
fastened should be made of heavy material and 
thoroughly braced. To run satisfactorily a con¬ 
veyor equipment must be kept in proper alignment. 
This cannot be done unless the supporting frame¬ 
work is rigid. It is very poor economy to endeavor 
to save money on a framework which is to carry 
an expensive conveyor belt when the belt can very 
easily be destroyed if the equipment gets out of 
line. 

Joining the Belt, Inspection, Etc. 

Great care should be used when making a joint 
in a conveyor belt to see that the belt is cut 
exactly square at the ends. A Talcott, Crescent, 
or Alligator Fastener should be used, and each 
rivet or prong, as the case may be, carefully ham¬ 
mered down, so that each hook is securely fastened. 
The directions always sent with the fasteners 
should be very carefully observed. 

A daily inspection of a conveyor equipment is a 
very paying investment. The feeding chute, hop¬ 
per, or mechanical feeder, as the case may be, 
must be kept in perfect repair so that it functions 
as it was originally intended to. A carefully de¬ 
signed feeding chute like Figure 8, in which the 
bottom plate has been worn away, can easily double 
the tonnage cost of a conveyor. 
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No part of a feeding device should ever be 
allowed to come in actual contact with the conveyor 
belt. 

When screw takeups are used, they must be 
frequently adjusted to keep the tension on the belt 
only sufficient to make it drive. When the belt is 
too tight, it is difficult to make it track properly 
and the abrasive action of the material fed becomes 
more severe. This is illustrated by the homely 
comparison to the taut string which is cut more 
easily than when loose. 

Broken rollers should be replaced immediately. 
An accumulation of spilled material on either side 
of the carrying rollers should be immediately re- 
mov^. Scrapers provided for the purpose of 
keeping the snub pulleys clean must be kept in 
repair so that they do their work. 

The lubrication of each and every conveyor 
roller, snub pulley, etc., must be systematically 
attended to. 

A belt conveyor properly designed, carefully in¬ 
stalled, and kept in perfect order, is a wonderfully 
efficient mechanical device. If it is not properly 
cared for, it quickly becomes a very expensive one. 

TABXiB 1. OAPAOITZBS OT ■■XiT OOWBTOB8. 


Capacity at Belt Speed of 100 Feet Per Minute 


Belt Width In Inche 

Max. Size of Piece. 
In Inches 

Max. Belt Speed In F 
per Minute 

Flat Rollers 

Trougrhed 
Rollers 15“ 

Troughed 
Rollers 20* 

Cubic Feet 
per Hour 

Tons per 
Hour W= 60 

Tons per 
Hour W= 100 

Cubic Feet 
per Hour 

Tons per 
Hour W= 50 

Tons per 
Hour W= 100 

Cubic Feet 
per Hour 

Tons per 
Hour W=60 

Tons per 
Hour W= 100 

12 

2 

250 

216 

5.45 

10.9 

390 

9.5 

19 




14 

3 

300 

294 

7.4 

14.8 

530 

13. 

26 




16 

4 

300 

384 

9.6 

19.2 

690 

17. ■ 

34 




18 

5 

350 

486 

12.2 

24.4 

870 

22. 

44 

970 

24.5 

49 

20 

6 

350 

600 

15.0 

30.0 




1200 

30.0 

60 

22 

7 

400 

726 

18.1 

36.2 




1450 

36.5 

73 

24 

8 

400 

864 

21.6 

43.2 




1730 

43. 

86 

30 

12 

450 

1350 

33.8 

67.6 




2700 

67.6 

136 

36 

14 

500 

1944 

48.6 

97.2 




3900 

97.6 

195 

42 

18 

550 

2646 

66.2 

132.4 




5300 

13.2 

264 

48 

20 

600 

3456 

86.4 

172.8 




6900 

17.26 

345 


TABXiB 2. OBAZH OOVTBTOM. 


Speeds and Capacities 


Belt Width 
in Inches 

Best Speeds in 
Feet per 
Minute 

Bushels per 
Hour at I 

Best Speeds | 

Bushels per 
Hour at 100 Feet 
per Minute 

18 

450 

2490 

553 

20 

450 

3080 

684 

22 

600 

5020 

836 

24 

600 

5920 

986 

30 

650 

10010 

1540 

36 

700 

15500 

2215 

42 

750 

22620 

3015 

48 

800 

31520 

3940 


TABU 3. WBXOHTS OF 1IATBBZAB8 ABB ADTEIIABBB 
BBBT 8PBBD. 


Kind of Material 

Average Weight 
Lbs. per 

Cubic Foot 

Advisable 

Belt Speed 

F. P. M. 

A.shes . 

40 

300 

Cement^ . 

90 

800 

Coal (Lump) . 

55 

250 

Coal (Fine) . 

50 

400 

Coke . 

30 

250 

Earth . 

100-120 

350 

Gravel . 

100-120 

350 

Lime . 

55 

300 

Copper Ore . 

125 

300* 

Sand . 

110 

360 

Stone (Coarse) . 

100 

250 

Stone (Crushed) . 

110 

350 
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TABX^B 4. BBBT 00BTB70B DATA. 





•O oj C 

§5^ 

w 


P^Bo 

— cj C 


Spacing of Carrying 
Rollers 


iS »«-* 


13 00 «-> 
i<£i5u 

gt-O 


oa 00^ 
« 


09 

O 3 ^ 

III 


12 

4 

16-18 

12 



5'-0" 

12'-0'' 

14 

4-5 


12-14 

5'-O'' 

6'-0'' 


12'-0'' 

16 

4-5 


12-14 

6'-0'' 

6'-0" 


12'-0'' 

18 

4-5 

18-24 

12-18 

6'-0" 

4'-9'' 

4'-6'' 

12'-O'' 

20 

4-5 

20-24 


4'-9'' 

4'-6" 

4'-6" 

12'-0'' 

22 

5-6 

BBSM 

liiiyii 

4'-6" 

4'-6" 

4'-3'' 

12'-0" 

24 

6-6 


16-24 

4'-6" 

4'-6'' 

4'-3'' 

10'-0" 

30 

6-8 

30-42 

MEBim 

4'-0" 

4'-0'' 

3'-6" 

lO'-O" 

36 

6-8 

36-42 

20-36 

3'-9'' 

3'-9'' 

3'-6'' 

lO'-O" 

42 

6-8 

36-54 

24-42 

3'-6r 

3'-6'' 

3'-3" 

8'-0'' 

48 

6-10 

48-60 

30-42 

S'-e" 

3'-3" 

3'-0'' 

S'-O" 


TABU 6. BOMB POWBB BBQVZBBD TO mBTBT 
XATBBZAB HOBZBOVTyLUT.* 


Center to Centerl 
Distftooe in ft 








Tons 

Per Hour 






5 

1 1 1 

I10tl5l20 

1 1 1 

I 

1 25 

1 

1 

' 30 
1 

! 35 

1 

1 1 

1 401 45 

1 1 

1 50* 
1 

1 

1 55 

1 

60i 

1 

65 

70 

1 

1 75 

I 

80! 85 

1 

1 

1 90 

1 i 

1 

1 

951100 

1 1 




1-1 

1-1 

1 *1 

.1 

.2 

.2 

.2 

1 -21 

1 .21 

.3 

1 -3 

.3 

1 .31 

1 .31 .4 

.4 

.41 .4 

76 


1-1 

•1 

•1 

1 .2 

.2 

.2 

1 .3 

.3 

1 .31 

•4' 

.4 

1 .4 

.4 

.5| 

.5 .6 

.6 

.61 .6 

iLCl 


|.l 

|.l 

.2 

.2 

.3 

.3 

.3 

.4 

•4 

.5 

.6 

1 .5 

.6 

.61 

.7I .7 

.8 

1 .81 .8 

150 

'i 

.1 

.2 

.3 

.3 

.4 

.4 

.5 

.6 

.6, 

.7 

.8 

: -3 

.9 

.9 

1.0,1.! 

I.3I1.4 

1.1 

11.211.3 

200 

.1 

.2 

.3 

.3 

.4 

.5 

.6 

.7 

.8 

1 .8 

.9 

1.0 

1.1 

1.2 

1.31 

1.6 

11.6 1.7 

250 

1-1 

.2 

.3 

.4 

.6 

.6 

1 .7 

1 .8 

.9 

1.0 

I. 2 I 

1.3 

1.4 

1.5 

1.6 

1.711.8 

1.9 

2.012.1 

300 

1.1 

.3 

.4 

.5 

.6 

.8 

1 .9il.O 

1.1 

1.311.4 

;1.6 

11.6 

1.8 

1.91 

2.012.1 

2.2 

12.412.6 

400 

1-2 

.3 


.7 

.8 

11.0 

1.2 

11.3 

1.6 

1.71 

11.8 

2.0 

2.2 

2.3 

2.6 

2.712.8 

3.01 

3.213.3 

500 

1.21 

.4! 

.6l 

.8 

1.01 

|l.3 

1.61 

11.7 

1.91 

2.ll 

I 2.3 

12.512.71 

2.91 

3.1 

3.313.6 

I3.8I4.0I4.2 


TABBB 7. TAXUBS 07 Ti ABD 7 70B TABZOUB ABCS 07 
OOVTACT ABD OOB77ZCZBBT8 07 7BZOTZOB 
WHBB T = 30 U8. 


TABXB 6. HOB8B 70WBB UQUZBBDTO BXTB BBXT OOB- 
▼BTOB8 BM7T7 100 7BBT OBBTBB TO OBBTBB 
WITH 6-7X7 BBXT 



12 

.40 

.60 

.80 

1 1.00 

1.20 

1.40 

1.60 

1.80 

2.00 

2.20 

2.40 

.5 

14 

.44 

.66 

.88 

1.10 

1.32 

1.54 

1.76 

1(1.98 

2.20 

2.42 

2.64 

.5 

16 

.50 

.75 

1.00 

1 1.26 

1.50 

1.76 

2.00 

1 2.26 

2.50 

2.76 

3.00 

.8 

18 

.60 

.90 

1.20 

1.60 

1.80 

1 2.10 

2.40 

2.70 

3.00 

3.30 

3.60 

1.0 

20 

.67 

1.01 

1.34 

1 1.67 

2.01 

2.34 

2.681 

1 3.01 

3.35 

3.68 

4.02 

1.3 

22 

.721 

1.08 

1.44 

1.80 

2.16 

2.62 

2.881 

1 3.24 

3.60 

3.96 

4.32 

1.6 

24 

.86 

1.27 

1.70 

2.12 

2.55 

2.97 

3.40 

1 3.82 

4.25 

4.67 

6.10 

1.8 

30 

1.18 

1.77 

2.36 

' 2.95 

3.54 

4.13 

4.72 

5.31 

5.90 

6.49 

7.08 

2.5 

36 

1.52 

2.28 

3.04 

3.80 

4.56 

5.32 

6.08 

6.84! 

7.60 

8.36 

9.12 

3.3 

42 

1.82 

2.73 

3.64 

4.55 

5.46 

6.37 

7.28 

8.191 

19.10 

10.01 

10.92 

4.0 

48 

2.12 

3.18 

4.24| 

1 5.30 

1 

6.36 

7.42 

_1 

8.48 

9.64 

10.60 

11.66 

12.72 

6.0 


For 4-ply belts deduct 8% from value in table. For 8-ply 
belts add 8% to value in table. 


Arc of 
Contact 
in Degrees 

f = .25 

Poor Conditions 
Dirty C. I. or Steel 
Pulleys 

f = .35 

Normal Conditions 
Clean C. I. or Steel 
Pulleys 

m 


F 

B 


B 

90 

30 

20.26 

9.75 

30 

17.3 

12.7 

100 

30 

19.35 


30 

16.3 

13.7 

110 

30 

18.50 


30 

16.3 

14.7 

120 

30 

17.75 

12.25 

30 

14.35 

15.65 

130 

30 

It.05 

12.95 

30 

13.6 

16.4 

140 

30 

16.3 

13.7 

30 

12.76 

17.25 

150 

30 

15.65 

14.35 

30 

11.9 

18.1 

160 

30 

14.9 

15.1 

30 

11.26 

18.75 

170 

30 

14.3 

15.7 

30 

10.65 

19.35 

180 

30 

13.7 

16.3 

30 

10. 

20. 

190 

30 

13.15 

16.85 

30 

9.3 

20.70 

200 

30 

12.55 

17.45 

30 

8.7 

21.3 

210 

30 

12. 

18. 

30 

8.3 

21.7 

220 

30 

11.5 

18.5 

30 

7.8 

22.2 

230 

30 

11. 

19. 

30 

7.3 

22.7 

240 

30 

10.5 

19.5 

30 

6.9 

23.1 

250 

30 

10. 

20. 

30 

6.65 

23.45 

260 

30 

9.6 

20.4 

30 

6.2 

23.8 

270 

30 

9.2 

20.8 

30 

5.8 

24.2 


T = Tension in belt as It approaches the driving pulley. 
Ti = Tension in belt as it leaves the driving pulley. 

F = T — Ti = Effective Pull. 

Maximum Tension — T = 30 lbs. for ordinary conditions. 


TABXB 8. BOMB 70WBB BBQUZUD TO BXB7ATB XATBBZAX. 


Height Material 
is Raised 
in Feet 

Tons Per Hour 

6 

10 

16 

20 

25 



40 

45 

60 

■ 

60 

65 

70 

76 

80 

85 

90 

96 

100 

5 




.1 

.1 

.2 

.2 

.2 

.3 

.3 

.3 

.3 

.3 

.4 

.4 

.4 

.4 

.6 

.6 

.6 

10 


.1 

.2 

.2 

.3 

.3 

.4 

.4 

.5 

.5 

.6 

.6 

.7 

.7 

.8 

.8 

.9 

.9 

1.0 

1.0 

15 


.2 

.2 

.3 

.4 

.6 

.6 

.6 

.7 

.8 

.8 

.9 

1.0 

1.1 

1.1 

1.2 

1.3 

1.4 

1.4 

1.6 

20 

.i 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.6 

1.6 

1.7 

1.8 

1.9 

2.9 

25 

.1 

.3 

.4 

.6 

.6 

.8 

.9 

1.0 

1.1 

1.3 

1.4 

1.6 

1.6 

1.8 

1.9 

2.0 

2.1 

2.3 

2.4 

2.6 

30 

.2 

.3 

.6 

.6 

.8 

.9 

1.1 

1.2 

1.4 

1.6 

1.7 

1.8 

2.0 

2.1 

2.3 

2.4 

2.6 

2.7 

2.9 

3.0 

40 

.2 

.4 

.6 

.8 


1.2 

1.4 

1.6 

1.8 

2.0 

2|2 

2.4 

2.6 

2.8 


3.2 

3.4 

3.6 

3.8 

4.0 

50 

.3 

.6 

.8 

1.0 

1.3 

1.6 

1.8 

2.0 

2.3 

2.5 

2.8 


3.3 

3.6 

3.8 

4.0 

4.3 

4.5 

4.8 

6.0 

60 

.3 

.6 

.9 

1.2 

1.5 

1.8 

2.1 

2.4 

2.7 

3.0 

3.3 

3.6 

3.9 

4.2 

4.5 

4.8 

6.1 

6.4 

6.7 

6.0 

70 

.4 

.7 

BU 

1.4 

1.8 

2.1 

2.6 

2.8 

3.2 

3.5 

3.9 

4.2 

4.6 

4.9 

6.3 

6.6 

6.0 

6.3 

6.7 

7.0 

80 

.4 

.8 

BB 

1.6 


2.4 

2.8 

3.2 

3.6 

4.0 

4.4 

4.8 

5.2 

6.6 

6.0 

6.4 

6.8 

7.2 

7.6 

8.0 

90 

.5 

.9 

BU 

1.8 

2.3 

2.7 

3.2 

3.6 

4.1 

4.6 


6.4 

6.9 

6.3 

6.8 

7.2 


8.1 

8.6 

9.0 

100 

.5 

.10 

m 

2.0 

2.6 

3.0 

1 

3.5 

4.0 

4.6 

6.0 

6.6 

6.0 

1 6.5 

7.0 

Bl 

1 8.0 

1 


9.0 

1 9.6 

10.0 


TABXB 9. OAUGB 70B 8TBBX 0BnTB8. 


Kind of Material 

12" to 20" 1 
Belt 1 

24" to 30" 
Belt 

36" to 48" 
Belt 

Light Materials such as 
Grains .1 

14 Gauge 

12 Gauge | 

10 Gauge 

Medium Material such asl 

Coal .1 10 Gauge 

A" 

A" Side 
Bottom 

Heavy Material such as 
Sand and Stone. 

1 

1 A" 

1 A" Side 
Bottom! 

1 Side 

1%" Bottom 
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TABXB 10. DZAMBTBB 07 TBZ77BB 7TrXXB78. 


Ply of Belt 

1 Minimum Advisable 

Desir^le Diameter 

4 

10 Inches 

12 inches 

5 

12 Inches 

15 inches 

6 

16 inches 

20 Inches 

8 

24 inches 

30 Inches 


—Main Beltnlg Co. 
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BELT CONVEYOR DATA. 


GENERAL NOTES ON THE USE AND 
CARE OF BELT CONVEYORS 


A satisfactory conveying system may be de¬ 
scribed as one that moves the maximum amount 
of material with the minimum of strain on the 
equipment. Although this statement applies 
equally to all types of conveying machinery, it is 
particularly true of belt conveyors, where “long 
distance” conveying is particularly desirable. 

Limitations of Use 

With a few exceptions, belt conveyors can 
always be used to advantage in conveying material 
where the inclination is not so great as to require 
a vertical elevator. These exceptions are: 

1— ^When material is hot or excessively wet. 

2— ^With relatively short centers and heavy 
loads. 

3— ^When frequent intermediate discharges are 
required, even though belt discharges and trippers 
are within certain limits very satisfactory. 

Advantages 

The advantages claimed for belt conveyors are 
as follows: 

1— Large Capacity: Dependent upon speed of 
belt, which is often as high as 600 feet per minute 
for the wider belts and 200 or 300 feet per minute 
with narrower belts. 

2— ^Power Requirements: Much less than so- 
caUed “scraper conveyors.” 

3— Small Maintenance Charges: No compli¬ 
cated machinery. Cost of upkeep low if reasonable 
attention is given the belt. 

4— ^Accessibility: All parts easily inspected. 

5— Protection of Material: No breakage or re¬ 
duction in size of material. 

6— Flexibility in Loading and Discharge: 
Loaded by spouts, mechanical feeders or by hand. 
Unloaded by trippers or over the end. 

7— Light Weight: Lightest type considering 
capacity. This is advantageous from construction 
viewpoint. 

8— Freedom from Shutdown: No packing or 
choking. 

Capacity, size and speed of belts are inter¬ 
dependent, although the size or width may be 
influenced by the size of the material where the 
quantity conveyed is small and the pieces large. 
Where the quantity is gr^t the capacity fixes the 
width. In either case the*speed should be as slow 
as possible. A slow speed belt may be loaded more 
deeply than one at high speed, and when a narrow 
belt is run much above the advisable speed the load 
thins out and the capacity does not increase as the 
speed. 

The maximum length of the different widths of 
conveyors is determined by the fiber stress in the 
belt and is therefore closely related to the load qnd 
speed. Naturally level conveyors may be built 


longer than those lifting material. Conveyors 1000 
ft. from center to center handling 400 tons per 
hour have been most satisfactorily operated. 

Another important factor in the design of con¬ 
veyors at high speed, handling large quantities, is 
the flow of material in the chutes. A 36 in. con¬ 
veyor handling 750 tons of coal per hour with a 
belt speed of 750 ft. per minute under a 10,000 ton 
pocket could not be loaded from a single chute, 
because it was not possible for the coal to attain a 
speed of 750 ft. per minute in the chute. It was 
necessary, therefore, in order to obtain a full load 
to open seven gates, each placing a layer of coal on 
the belt until the desired load was obtained. Dur¬ 
ing a test this belt carried about 800 tons per hour. 

Flat and Troughed Conveyors 

The conveyor belt is usually troughed to obtain 
increased capacity. Belts running flat, however, 
will successfully handle packages, bags, etc., and 
in many cases bulk material. Flat belts are not 
adapted to handle material of large size, especially 
if the lumps are round and likely to roll, or if the 
belt runs up too steep an incline. 

One of the principal advantages of flat belt 
conveyors is that the conveyor roUers, which con¬ 
sist of a series of pulleys placed close together and 
mounted on the same shaft, are not injurious to 
the belt. For that reason any ply can be used, to 
suit the nature of the materia]^and width of feed. 
The only factor which limits the number of plies 
is the size of the head and tail pulleys, or the size 
of the tripper pulleys, if a tripper is used. 

Plies recommended are: 

12" and 14" wide.3 or 4-ply 

16", 18" and 20" wide... .4 or 5-ply 

22", 24" and 26" wide... .5 or 6-ply 

28" and 30" wide.5, 6 or 7-ply 

32", 34" and 36" wide... .6, 7 or 8-ply 

42" and 48" wide..7, 8 or 9-ply 

54" and 60" wide..8 or 9-ply 

Flat belts have the additional advantage that 
material of a non-abrasive nature, may be dis¬ 
charged at intervals without the use of a tripper 
by simply using a load scraper placed diagonally 
across the belt. Flat belts are capable of handling 
about half the capacity of troughed belts of the 
same width. This decreased capacity is largely 
offset by the increased life of the belt and by the 
reduced first cost of the machinery. 


Flexibility 

A belt should conform to trough by its own 
weight, to get guiding action of central horizontal 
part of idler. If too stiff, it will ride the inclined 
side rolls, run out of line, and bear hard against 
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guide rolls, injuring edges; if too flexible, it will 
crease longitudinally in angle of trough, string a 
separation of the plies at these points; it will also 
tend to flatten or lose its troughed form between 
idlers. 

The life of the belt is very much prolonged by 
using pulleys of ample size; small pulleys are very 
hard on a thick belt and on the protecting cover, 
tending to separate the plies and crack the cover. 
The diameter (in inches) of the driving pulley 
should not be less than five times the number of 
plies, and for more important conveyors of consid¬ 
erable capacity or len^h, a diameter of eight times 
the number of plies is advisable. 

The foUowing table gives the minimum size of 
driving pulleys which should be used on the various 
widths of belt dependent on the number of plies: 


imrnnjit sisb or sbtvzho puubtb 


width of 
Belt 
Inches 

Diameter of Driv¬ 
ing: Pulley 
Inches 

Width of 
Belt 
Inches 

Diameter of Driv¬ 
ing: Pulley 
Inches 

12 

16 to 18 

26 

24 to 30 

14 

16 to 18 

28 

24 to 30 

16 

20 to 24 

30 

30 to 36 

18 

20 to 24 

32 

30 to 36 

20 

20 to 24 

34 

30 to 42 

22 

20 to 30 

36 

30 to 48 

24 

24 to 30 




Tension 

The working tension in a belt should not ex¬ 
ceed 24 pounds per inch per ply, which is approxi¬ 
mately 1/16 of the breaking strain of a good belt; 
36 pounds per inch per ply is the extreme outside 
limit, and this should be used only for temporary 
installations. 

Extra Covering 

For permanent installations and ordinary con¬ 
ditions, and in cases where the belt is exposed to 
moisture, an extra protecting cover on the carrying 
side should be used, varying in thickness according 
to the character and the quantity of the material 
handled. From 1/16" to 1/8" is sufficient to resist 
mere abrasion during the life of the belt; more 
than 1/8" need only be used where the material is 
unusually heavy or coarsely broken with sharp 
cutting edges. 

Inclination 

Troughed belt conveyors will handle material 
successfully at an inclination, but this is limited to 
an average of 20 degrees. With some materials 
that flow very readily this must be reduced to 18 
degrees. Such materials as foundry sand, for 
example, which do not flow readily, may be handled 
at an inclination of 25 degrees. The conveying 
capacity of inclined conveyors is reduced from 6 
to 10% as compared with horizontal conveyors. 

Life of Belts 

This is a question usually asked, and one in 
which the purchaser is vitally interested. As can 
be readily appreciated from all of the foregoing 
notes, it is dependent on many factors. 

The causes of wear in any conveyor belt can 
be divided into two general classes: 

1—The wear due to the abrasive or other de¬ 
structive action of the material carried. 
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2—^The wear due to the movement of the belt 
over the conveyor rollers. 

In the first case the main factors depend: 

I. On the number of places material is fed to 
the belt, because wear of the carrying surface is 
caused by impact. 

II. On the way in which the material is fed, 
because this impact is greatest when material is 
not fed in the direction of the travel and at the 
same speed. 

III. On the carrying of a full load, because only 
a small portion of the material carried then ever 
touches the belt, and there is the least wear for a 
given capacity. 

IV. On the length of the belt, because the 
longer it is, the less frequently any portion comes 
under the feed chutes, and the less frequently it 
bends under tension over the pulleys. 

V. On the grade of the belt, on its cover, and 
the thickness of the cover. 

VI. On the abrasive character of the material 
handled. 

In a theoretically perfect equipment the wear 
due to the first class named would be the total 
wear. In practice, however, it frequently happens 
that, owing to their incorrect design, the rollers 
themselves are the principal cause of the belt’s 
failure. 

In the average conveyor the belt, which is the 
most costly part of the installation, is worn out 
more by the rollers over which it runs than by the 
material carried. 

The faults in roller design which produce this 
result are of five general kinds: 

I. Immoderately Steep IVoughing Angles: 
The usual troughing roller bends the belt through 
an angle of at least 25°, and in some cases as much 
as 45°. The certain result of this excessive bending 
is longitudinal cracking of the belt along the line 
at which the bend occurs. This, rather than legiti¬ 
mate wear, is the cause of the premature failure of 
many belts. 

Excessive troughing puts under strain those 
fibres of the belt which must withstand the abrasive 
wear of the load carried and like any other material 
under strain, their life is greatly reduced. 

Under no circumstances should rollers be used 
whose angle of trough is greater than 20°. If 
greater capacity is needed, a wider belt should be 
used. The increased cost of belting incurred when 
the belt is troughed 25° to 35° far exceeds the 
advantage of the gain in capacity. 

II. The Presence of a Groove or Opening Just 
at the Troughing Point: The weight of the load 
carried forces the belt down into the openings 



at “O” in the sketch, until it wears on the edges 
of the pulleys, and ultimately crack longitodinally. 

III. Rigid Bearings: Any conveyor equipment 
will eventually get more or less out of line because 
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of the hard use to which it is put. When the bear¬ 
ings are cast together with their supports, any 
change in the relative position of the members of 
the supporting framework makes the pulley-shaft 
bind. Alleys which do not turn wear out the belt. 

IV. The Attempt to Trough Too Great a Por¬ 
tion of the Belt Width: Even if the angle of trough 
is only 20° the attempt to bend up a large portion 
of the belt, so that the sides are raised very high 
above the center, is injurious to the belt. This is 
because the strain caused by bending them occurs 
near the center of the belt, where the greatest 
abrasive action is encountered. 

y. Imperfect Lubrication: Belt conveyors are 
subject to hard usage; they are often exposed to 
atmospheric conditions and are quite frequently 
operated in very dusty surroundings. Hence the 
t^e of lubrication employed must efficiently com¬ 
bat these conditions; otherwise plenty of trouble 
will result, as any practical man knows. 

The above are some of the more important con¬ 
ditions affecting the life of a belt, and it will be 
seen that some of these can be very readily con¬ 
trolled, while others can not. 

Discharging Devices 

Most conveyors receive material at one end or 
at various points in their length and discharge 
over the head pulley. When necessary to dis¬ 
charge at points between the ends, either fixed or 
movable trippers are used. The fixed tripper con¬ 
sists of two pulleys, one located above and ahead 
of the other. The belt passes over the upper pul¬ 
ley, then over the lower in such manner that the 
material is discharged from the belt into a chute 
which will carry it to the side of the conveyor. 

When fine size material is being conveyed, these 
trippers may be made automatic, so that the stream 
of material will be deflected into the first bin until 
filled. The material will then fill up in the chutes, 
flow back on itself to the belt and be carried to the 
second tripper, and so on until all bins are filled. 
Should material be drawn from any bin, the stream 
will immediately be deflected until the bin is again 
filled and then pass on. The writer has used eight 
such trippers on a single conveyor. 

The movable or traveling tripper is similar to 
the fixed tripper in form and operation. The two 
pulleys and chute are mounted on a frame sup¬ 
ported on four flanged wheels. A pair of rails ex¬ 
tending the length of the conveyor provides track 
for the machine and enables it to discharge ma¬ 
terial at any point in the len^h of its travel. The 
tripper is usually provided with some clamping de¬ 
vice to secure it to the rails when discharging in a 
fixed position. 

Trippers are moved in the following ways; The 
hand propelled type is moved by crank with pinion 
and gear to the truck wheels. Others use a wire 
rope with winch located at one end of the conveyor. 
The self-propelled tripper is driven by power taken 
from the conveyor belt, through suitable gearing 
to the truck wheels. 

A lever on one side properly connected with the 
driving mechanism controls the direction of travel 
of the machine. This lever engages adjustable 
stops located on the rails at the desired limits of 
discharge and the tripper will travel between these 
stops, automatically reversing at each end. A lever 
is provided which will throw this moving mechan- 
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ism out of gear, allowing the machine to dischi, ge 
in a fixed position. 

Cleaning Belts 

When the material handled is damp it is advis¬ 
able to provide some mechanism to clean the belt 
after it passes over the discharge pulley; otherwise 
a small quantity will be carried back by the return 
belt. For this purpose, rotary brushes, made of 
various fibers, are used. These brushes revolve at 
a high speed, sweeping the material into the chutes. 
They are driven from the conveyor belts and are 
provided with means of adjustment for the wear 
of the fiber. 

When very sticky material, such as clay, is 
being conveyed, a strong water spray is used to 
clean the belts. An air blast has been used to clean 
belts, but the large volume and high pressure re¬ 
quired makes this method expensive. 

Chutes and Feeders 

One of the most important features of belt con¬ 
veyor design is that of providing chutes which will 
properly load the material onto the belt. Mine run 
ore may be fed to a belt conveyor so that it wiU not 
injure the belt, but with improperly designed chutes 
the highest grade belt may be ruined in a few 
weeks when it should last for years. 

It is impossible to lay down any rules for the 
design of chutes. It is a subject requiring a careful 
study of local conditions and a complete knowledge 
of the materials handled and of the manner in 
which they will move in chutes under various con¬ 
ditions. 

The material should always be delivered to the 
belt in the direction of the belt travel and as nearly 
as possible at the same speed, so that it will go 
from chute to belt with no shock or jar. When 
feeding a conveyor from bulk, for example, from 
storage bin, some type of automatic feeder should 
be used to insure an even and continuous feed to 
the belt. This is particularly important when hand¬ 
ling unsized material. Should a simple gate be 
used, it must be set for the large lumps, the result 
being a rush of fine material after the .lump has 
passed. If a feeder is so driven that it will start 
and stop with the conveyor it feeds, it will gener¬ 
ally save the expense of an attendant at the loading 
end and prove more satisfactory. 

The 'v^ter favors the shaking feeder cdnsisting 
of an inclined pan set under the bin opening at such 
an angle that it stops the flow when stationary. 
When given a reciprocating motion by crank and 
connecting rod the material is moved along the pan 
to the belt. By varying the length of stroke and 
inclination of the pan the amount of material de¬ 
livered may be absolutely regulated. 

Power Required 

The power required to drive a belt conveyor 
depends on a great variety of conditions, such as 
the spacing of idlers, type of drive, thickness of 
belt, etc. 

In figuring the power required, it is important 
to remember that the belt should be run no faster 
than is required to carry the desired load. If for 
any reason it is necessary to increase the speed, 
the figure taken for the load should be increased 
in proportion and the power figured accordingly. 
In other words, the power should always be fig- 
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ured for the full capacity at the chosen speed, as 
follows: 

C = Power constant from table. 

T = Load in tons per hour. 

L = Length of conveyor between centers in 
feet. 

H = Vertical height in feet that material is 
lifted. 

S = Belt speed in feet per minute. 

B = Width of belt in inches. 

For level conveyors, 

CXTXL 

H.P. =- 

1000 

For incline conveyors 

CXTXL TxH 

JJ p __I_ 

1000 1000 

Add for each movable or fixed 'tripper horse 
power in column 3 of table. 

Add 20 per cent, to horse power for each con¬ 
veyor under 50 ft. in length. 

Add 10 per cent, to horse power for each con¬ 
veyor between 50 ft. and 100 ft. in length. 

The above figures do not include gear friction, 
should the conveyor be driven by gears. 


POWBK BBQUIBBS TO» OIVBN XiOAO 


Width of Belt 

1 

MIO 

» d 

s 

E X3 

C 

for material weighing 
from 75 lb. lo 125 
lb. per cut. ft 

H. P. 

required for each mo?- m 

able or fixed tripper 

4 

Minlnum plies of belt 

6 

1 

5 

'a 

1 

s 

12 

7234 

.147 


3 

4 

14 

.226 

.143 

% 

3 

4 

16 

.220 

.140 

% 

4 

5 

18 

.209 

.138 

1 

4 

5 

20 

.205 

.136 

1% 

4 

6 

22 

.199 

.133 

IH 

5 

6 

24 

.195 

.131 

1% 

5 

7 

26 

.187 

.127 

2 

5 

7 

28 

.175 

.121 

2% 

5 

8 

30 

.167 

.117 

2^ 

6 

8 

32 

.163 

.115 

2% 

6 

9 

34 

.161 

.114 

3 

6 

10 

36 

.157 

.112 

3V4 

6 

10 


With the load and the size of material known, 
choose from the capacity table the proper width of 
belt and proper speed. The above formulae give 
the horse power required for the conveyor when 
handling the given load at the proper speed. With 
the horse power and the speed known, the stress 
in the belt should be figured by the following for¬ 
mula to find the proper number of plies. Stress 

h. p. X 33,000 

in belt in pounds per inch of width =- 

SXB 

With this value known, the number of plies may 
be determined, using 20 lb. per inch per ply as the 
maximum. The columns 4 and 5 of the preceding 
table give the maximum and minimum advisable 
plies of the different widths of belt. Belts between 
these limits will trough properly and will be stiff 
enough to support the load. The maximum number 
of plies determines the maximum length for each 
width of conveyor. 

Compiled from data furnished by Link Belt Co., Robins 
Conveyor Co. and Main Belting Co. 
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Capacities are for medium hard quartz and in closed circuit 
with classifier or screen. 



Tons 

Tons 

H. P. 

H. P. of 


Ball 

Size of 

^r 24 

per 24 

He- 

Motor 

R. P. M. 

Charge 

Mill in 

Hours 

Hours 

quired 

Recom¬ 

of Mill 

in~ 

Ft. Dia. 

X Lgth. 

2" to 48 
Mesh 1 

2" to 14 
Mesh 

to Run 

mended 


Pounds 


3x3 

20 1 

30 

10 1 

16 

40 1 

1,200 

3x5 

30 

40 1 

15 

25 

40 1 

2,000 

4x4 

40 

75 

25 

40 

32H 

3.000 

5x4 

60 

120 1 

40 1 

60 

28 1 

5,000 

5x5 

75 

150 

60 

75 

28 

6,600 

6x4 

120 

210 

60 

85 

24 

9,000 

6x5 1 

150 

260 

80 

100 

24 

11,000 

6 x6 

190 

320 

100 

125 

24 

13,500 

7x5 

225 

375 

110 

125 

20 

18,000 

7x6 

275 

450 

135 

150 

20 

23,000 

8x5 

320 

500 

150 

175 

! 18 

25,000 

8 x6 1 

385 

600 

180 

200 

18 

1 30,000 


From Catalog The Allis-Chalmers Mfg. Co. 


CAPACITY COVZCAX BAU MZBB8 

Capacities given are for medium hard quartz ore and in 
closed circuit with classifiers or screens. 


Size of 

Tons per 

1 

H. P. 1 

H. P. 

R.P.M. 

Ball 

Mill, Dia. 

24 Hrs. 

Required 

Motor 

of 

Charge 

Length 

2 '' to 20 

to Run 

Recom- 1 

Mill 

in Pounds 

Ft. In. 

Mesh 

1 

mended | 




3x8 

8 

5 

7% 

35 

1,000 

4V^xl6 

40 

18 

25 

33 

4,500 

5x22 

60 

30 

40 

29 

7,600 

6 x22 

150 

60 

60 

26 

12,000 

7x22 

200 

75 

100 

24 

20,000 

7x36 

250 

85 

125 

24 

27,000 

8 x22 

300 

110 

150 

22 

30.000 

8x36 

1 400 

150 

200 

22 


8x48 

550 

200 

260 

22 



From Catalog The Hardinge Co. 


CAPACITY COVZCAX PBBBBB MZBB8 

Capacities given are for medium hard quartz ore and in 
closed circuit with classifiers or screens. 


1 

Size of 
Mill, Dia. 
Length 
Ft. In. 

Tons per 
24 Hrs. 

*4 " Feed 
to 28 i 

Mesh 1 

H. P. 
Required 
i to Run 

1 

H. P. 
Motor 
Recom¬ 
mended 

1 

1 R.P.M. 

1 of 

1 Mill 

Pebble 
Charge 
in Pounds 

3x8 

6 

3 

5 

36 

300 

4Hxl6 

20 

8 

12V4 

32 

2,600 

6 x22 

45 

18 

26 

28 

4,500 

6x30 

55 

21 1 

30 

28 

4,800 

6x48 

70 

27 

35 

28 

6,500 

8 x22 

100 

40 ■ 

50 

24 

10,000 

8x30 

125 

48 

60 

24 

11,000 

8x36 

140 1 

55 1 

60 

24 

12,000 


From Catalog The Hardinge Co. 


CAPACITY CYXOBDBZCAX PBBBBB MXXM (TBBB MELLB) 

Capacities are for medium hard quartz and in closed circuit 
with classifiers or screens. 

(Intermediate lengths furnished every 2 feet; power, ca¬ 
pacity, and pebble charge proportional.) 


Size of 
Mill in 
Feet, Dia. 

X Length 

Tons per 
24 Hrs. 

8 Mesh 
to 95%- 
lOOM 

H. P. 
Required 
to Run 

H. P. 

! Motor 
Recom¬ 
mended 

R.P.M. 

of 

Mill 

Pebble 
Charge 
in Pounds 

1 

4x8 

26 

16 

20 

32 

5,000 

4x12 

29 

23 

30 

32 

7,500 

4x16 

38 

30 

40 

32 

10,000 

4x20 

40 

38 

50 

32 

12,600 

5x8 

42 

22 

40 

28 

7,800 

5x12 

50 

33 

50 

28 

11,800 

5x16 

59 

44 

50 

28 

15,700 

5x22 

75 

: 61 

75 

28 

21,500 

6x8 1 

1 55 

1 34 

60 

24 

11,800 

6x12 

1 71 

1 52 

76 

24 

17.000 

6x16 1 

90 

70 

100 

24 

22,600 

6x2 2 ' 

1 

118 

97 

126 

24 

80,200 

7 X1 0 

85 1 

63 

1 75' 

20 

19,200 

7x16 j 

120 I 

100 

125 

20 

80,800 

S X1 0 t 

112 

S3 

100 

18 

25,100 

8x16 1 

186 j 

134 

160 

18 

40.200 


From Catalog Allls-Chalmers Co. 
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BELT ELEVATORS FOR ORE 
AND WATER* 


The notes in this article are an outline of the 
writer's experience with these very essential, 
though at times troublesome, machines in wet con¬ 
centrating mills. What he has to say, especially 
as to wear and tear, may not strike with much 
force those fortunate millmen whose experience 
with this type of machine has been confined to ele¬ 
vators of low lift and of a capacity ample to raise 
a moderate burden of fine material. Such an ele¬ 
vator gives little trouble. 

A Comparison 

The writer at one time had in charge an ele¬ 
vator raising about 100 tons of ore in 24 hours, 
ranging in size from 4 mm. to 0 mm., to a hight of 
43 ft., and the belt and buckets, after being in con¬ 
tinual service for four years, deducting occasional 
periods when the mill was shut down for repairs, 
and not exceeding 48 hours, finally fell into the boot. 

It was almost a forgotten machine in the mill. 
Evidences of much wear were lacking, the belt giv¬ 
ing way from the deterioration of the rubber and 
the breaking of the threads of the plies from much 
passing around the head pulley. In the same mill 
was an elevator which every 24 hours raised about 
700 tons of ore ranging in size from 60 mm. to 
0 mm., and was a constant source of trouble. Its 
belt could not be depended upon to last longer than 
six months. 

These two elevators serve admirably for com¬ 
paring the factor of wear due to size and quantity 
of material, the height, speed, quantity of water 
raised, etc., being very nearly the same in both. 
Data for these two elevators as well as for the other 
elevators mentioned in this article will be found in 
a table at the end of this article. 

Elevator belts are generally of what is known 
as special belting, a belt with an extra heavy coat¬ 
ing of rubber. The net prices for the various 
widths and plies of the highest grade with the 
heaviest cover, at Denver, are shown in the fol¬ 
lowing table: 


UBTATOB BBBTIirCI— PXIOBS PBB BIBBAB POOT— 1931 


Width 

Inches 

Tly 

4 

6 

6 

i ’ 

8 

10 

12 

0.96 

1.20 

1.44 

1 1.68 

1.92 

2.40 

13 

1.05 

1.31 

1.58 

1.83 

2.10 

2.62 

14 

1.14 

1.42 

1.72 

1.98 

2.28 

2.84 

15 

1.23 

1.53 

1.84 

2.15 

2.46 

3.06 

16 

1.32 

1.64 

1.98 

2.30 

2.64 

3.28 

18 

1.49 1 

1.86 

2.24 1 

2.61 

2.99 

3.72 

20 1 

1 

1.67 1 

1 

2.09 

1 

2.51 

2.92 

_1 

3.34 . 

4.17 


Rubber deteriorates rather rapidly with age and 
for this reason an elevator belt is made up by the 
manufacturer upon receipt of an order for it. Belts 
subjected to ertra hard wear cannot be depended 
upon to last longer than six months, and as three 
months will usually elapse between the receipt of 
the order by the manufacturer and the arrival of 

^By Edward S. Wiard, In Eng. and Min. Journal. 


MINING CATALOG 


the belt at the mill, it is a good plan to order a 
second belt immediately upon the arrival of the 
first one. Not infrequently, owing to the exasper¬ 
ating delays in receiving elevator belts, the mill- 
man is forced to keep in use a belt that should prop¬ 
erly be on the scrap heap. 

On receiving a new belt the rubber should be 
carefully examined. The millman will prefer a 
tough, whitish rubber offering considerable re¬ 
sistance to compression by the thumb. A piece of 
the rubber, after being stretched, should promptly 
assume its original shape. Any shortness or per¬ 
manent distortion of the rubber, especially when 
accompanied by softness and a brownish black 
color, should be looked upon as evidence of un¬ 
soundness. The extra coating of rubber on the 
back or pulley side of the belt is of very little serv¬ 
ice in belts subjected to hard wear. Particles of 
ore lodging between the boot pulley and the belt 
are driven into the rubber and soon loosen it. The 
writer has frequently had to remove the entire back 
coating from belts which had been in service only 
a few weeks. 

Power Required 

It is possible to arrive at a very close approxi¬ 
mation of the power required to drive elevators 
under normal conditions, but it must be remem¬ 
bered that elevators are frequently subjected to 
sudden and severe shocks, and this factor must be 
considered in estimating the power required to 
drive them. 

The ordinary millwright usually pays no atten¬ 
tion to the question of the power required to drive 
an elevator other than to assign an arbitrary horse¬ 
power, usually ten. Calculations will be entered 
upon here to determine the horsepower required to 
drive the elevator shown in Figs. 1, 2, and 3, the 
details of which will be found in column 4 in the 
table at the end of the article. This is an elevator 
of extraordinary size. The writer has frequently 
stood over the hood and watched this elevator dis¬ 
charge. The buckets came up in a steady line and 
were filled with ore and water to within 1 in. of 
the top. There was a heavy overflow from the 
boot and the aim was t'o raise as much water as 
possible with the tailings for the purpose of sluic¬ 
ing. The buckets were 8x18 in. of the “AA” form 
and held 9.4 liters when filled to within 1 in. of 
the top. 

The total length of the belt was 126.33 ft. and 
the number of buckets with 20-in. spacing was 75; 
350 tons of rock were raised in 24 hours. This 
weight multiplied by 56.91 ft., the vertical lift, 
gives the number of foot-poimds of work per day, 
or 27664.5 foot-pounds per minute. The bucket 
holds, when filled to within 1 in. of the top, 573.62 
cu. in. 

The elevator delivers 486.11 lb. of ore per min¬ 
ute and the number of buckets passing any point 
per minute is 297; consequently the ore per bucket 
is 1.64 lb. and occupies 16.43 cu. in., on the assump- 
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tion that its specific gravity is 2.8. Deducting this 
volume from 578.62 cu. in., the capacity of the 
bucket, we have 559.09 cu. in. of \frater which 
weighs 20.13 lb. This weight multiplied by 297 
will give the weight of water raised per minute 
and this multiplied by the lift will give the theoret¬ 
ical number of foot-pounds required to raise the 
water. 

Foot-pounds 

(per min.) Horsepower 


Water . 340,242.69 10.31 

Ore . 27,664.5 0.84 

Total . 367,907.19 11.15 



Front. Back and Side Elevations of the Elevator Described. 


The water elevated is 716 gal. per minute or 
1,031,040 gal. per 24 hours. Assuming that of the 
total power required to drive the elevator, 30 to 


33 per cent, is used in shaft friction, the normal 
horsepower required would be about 15. 

Tension of Belt 

The strength of rubber belting is about 4000 
lb. per sq. in. A 20-in., 10-ply belt will therefore 
break under a load of about 40,000 lb. The ten¬ 
sion in the belt due to raising the ore and water 
h. p. X 33,000 

will be, T =-, where V = velocity in 

V 

feet per minute, and h. p. = theoretical horsepower. 
This, in the elevator under consideration, will 
amount to 741.5 lb. Neglecting the inclination of 
the elevator as it is so nearly vertical, we must 
add one-half the total weight of buckets and belt 
and, say, 300 lb. for the tightening tension applied 
_when the belt is bolted together, giving as a total 
~ maximum tension at the head pulley, 2341.5 lb. 
The belt weighed 1100 lb., the buckets 20 lb. apiece. 
This gives a safety factory of 17.1 when the belt is 
new. For this particular elevator this factor 
seemed to be sufficiently large. 

Boots and Housings 

Metal housings, boots and hoods are seldom used 
in ore mills. They do not adapt themselves to the 
wooden construction in vogue in western mills, are 
difficult to repair and their first cost is great. Cer¬ 
tainly the forms of housing and boots used in the 
grain trade, and confidently proposed for use in ore 
mills, would not answer for elevating wet ore. This 
is especially true if the elevator is given a slope, 
for in that case the back must be vertical or nearly 
so in order to prevent undue wear of the housing. 
This will necessitate a long boot. 

The boot should be wider than the casing so as 
to allow the bearings to be placed entirely outside 
the housing proper. The boot should be of such a 
size that sufficient ore can accumulate around the 
sides and bottom to protect the lining from the 
wash of the elevator. In an elevator having an 
overflow, a roomy boot will help to check the flow 
of material from the entering spout. All the rock 
will then be elevated and as nduch as possible of 
the water. A boot pulley 24 to 30 in. in diameter 
is sufficiently large for most elevators. 

The rim and the rim end of the spokes should 
be cast extra thick since these are the places of 
^eatest wear. The boot boxes should be covered 
if possible as an additional precaution against the 
entrance of grit. It is a custom among millwrights 
to place the boots of elevators below floors in the 
darkest comer to be found, whereas, if possible, 
they should be exposed to the light on all four 
sides. Necessarily when in a dark and disagreeable 
situation, the boot bearings are neglected. A well 
designed and accessible elevator can be kept in as 
well ordered a condition as any machine about the 
mill. 

Although he has never seen it tried, the writer 
believes that four bonnet-shaped collars, together 
with the placing of the bearings outside the hous¬ 
ing, would amply protect them. In many mills the 
entrance of water between the shaft and the bab¬ 
bitt of the boot boxes is so great that it is impos¬ 
sible to keep the journals and bearings greased, in 
fact no attempt is made to do it. With a bonnet 
collar the coat of grease which would accumulate 
between it and the box would materially assist in 
keeping out sand. 
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Vertical and Inclined Elevators 

The necessity for using tightening devices is a 
serious objection to vertical elevators; they must 
also be run faster in order to discharge with the 
same facility as an inclined elevator. It is impos¬ 
sible to keep these tightening devices in good work¬ 
ing condition. A hinged boot of the size needed 
for wet elevators would be a very cumbersome 
affair to handle, but is very serviceable for eleva¬ 
tors of small size, which have a tendency to stall, 
or for making repairs. With a stationary boot 
provided with a number of plugs of ample size, it 
is a matter of only a few minutes’ work, aided by 
the water from a high-pressure hose, to free the 
pulley and buckets. If possible a line of hose 
attached to a high-pressure cock should be pro¬ 
vided near all elevators that are subject to being 
stalled. 

Elevators fed from the side should be provided 
with heavy plates of iron on the bottom to receive 
the impact of the ore. If a Blake form of crusher 
is used, the old worn plates will serve admirably 
for this purpose. 

An elevator fed from the front, at first glance, 
appears to be far more efficient than one fed from 
the side; but, as has been pointed out elsewhere, a 
certain amount of ore must necessarily be thrown 
from the buckets which has to be scooped up from 
the boot. Elevators fed from the front cause less 
wear on the boot pulley, less wear on the comers 
of the buckets and less attack on the back of the 
belt due to ore being forced in between the pulley 
and the belt. The writer is inclined to advocate 
a front feed for fine material; but for coarse ma¬ 
terial, especially if the elevator is over-driven, the 
wear on the front side of the belt would more than 
offset the advantages enumerated. It is also neces¬ 
sary for material fed from the front to enter high, 
causing a loss of head room and making it rather 
difiicult to protect the bearing from grit. 

Improved Housings 

The housing shown in Figs. 1, 2, and 3 is the 
result of the experience of many millwrights and 
millmen. The back timbers are the only ones that 
enter the boot and they are at the rear end, out of 
the way. The doors which swing back above the 
bearing are the only parts of the elevator that are 



Flgr. 4. Device for Holding Doors in Place. 


ordinarily necessary to open in making repairs, but 
if any further opening is desired, only boards need 
be removed, no framed timbers being in the way. 
The whole front of the elevator from top to bottom 
can readily be removed. Fig. 1 shows that it con¬ 
sists of 8-ft. sections screwed to the ends of the 
casing. The lowermost section of the front and the 
two doors are held securely together when the ele¬ 
vator is closed, by the device shown. Each door 
contains two lugs firmly secured at the top and the 
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bottom. These are bored to receive the threaded 
rods shown. When the elevator is closed the rods 
are run through the lugs and plain nuts are 
screwed on the left-hand end. The right-hand nuts, 
to which have been welded handles, are then 
screwed on and the doors are tightened to place. 
The boards of the casing proper are iy 2 in. thick 
and were grooved for tongues at the sawmill. 
Wherever possible the elevator casing was secured 
to the timbers comprising the mill frame. No foot 
support was found necessary for the side and front 
of the casing. The back timbers at the top are 
framed into the heavy timbers supporting the up¬ 
per bearings, the weight of the upper pulley, and 
the belt and buckets. These timbers in turn rest 
directly on the timbers of the mill frame. The 
diameter of the upper pulley in this elevator was 
48 in. and the speed of the belt about 500 ft. per 
minute. 

Diameter of Pulley and Speed 

Nothing- is to be gained in gripping power by 
increasing the diameter of the head pulley or widen¬ 
ing the belt and the face of the pulley, the load 
remaining the same. But, as will be showh later, 
the tendency to break the plies of the belt increases 
as the diameter of the pulley is reduced. Since the 
centrifugal force would diminish as the diameter 
of the pulley was increased, the belt speed remain¬ 
ing the same, there would finally arrive a point in 
increasing the diameter of the head pulley, where 
the buckets would not discharge cleanly into the 
receiver. 

The writer’s rule for the minimum speed at 
which the belt should be run is the diameter of 
the head pulley in feet multiplied by one hundred. 
This would give as a safe speed for a 36-in. pulley 
300 ft. per minute, for a 48-in. pulley 400 ft. per 
minute, etc. A much higher velocity than the safe 
speed is allowable. Elevatprs with head pulleys of 
ordinary diameters, 30 to 40 in., have been run with 
belt speeds as high as 650 ft. per minute on dry 
material. 

By increasing the diameter of the head pulley 
we are enabled to increase the belt speed and hence 
the capacity of the elevator, and reduce the belt 
tension without unduly increasing the centrifugal 
force. With curved buckets and so mobile a sub¬ 
stance as ore and water, there is no danger of ma¬ 
terial being carried back to the boot by the adhe¬ 
sion of the ore to the face of the bucket from cen¬ 
trifugal force. The effect of increasing the speed 
of the belt, as the writer has observed, has been to 
cause the ore to rise in a higher crested curve and 
to land farther back in the receiver pocket. 

The elevator illustrated in this article threw the 
ore and water in a beautifully curved stream to the 
far or discharge end of the receiver pocket. The 
wear on the receiver iron was small and no coarse 
ore fell back into the boot. On placing the hand 
into the stream of ore descending into the receiver, 
one finds that there is a gradation from water, at 
the top of the stream, to the coarsest ore nearer 
the buckets. This seems to indicate that an ele¬ 
vator raising coarse material should run faster than 
one raising fine. The elevator illustrated in the 
article raised tailings from 40 mm. to 0 mm. in 
diameter. The writer advocates adding 100 ft. per 
minute to the minimum-speed rule given above. 
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Receivers, Pulleys and Buckets 

As to the placing of the receiver iron no rule 
would be complete without taking into account the 
speed of the belt, the diameter of the upper pulley, 
and the size and weight of the ore particles. The 
writer fails to see what advantage is to be gained 
by placing the edge of the receiver iron much be¬ 
low the center line of the pulley. If the elevator 
discharges properly, 12 to 16 in. should be ample. 
Discharge from a vertical elevator into the receiver 
cannot take place after the bucket is completely 
reversed. The receiver iron is placed on a slant 
to prevent the accumulation of ore at the bucket 
end of the pocket. 

The head pulley should be forced on its shaft 
as well as keyed. Owing to the sudden shocks to 
which many elevators are subjected, ordinary key¬ 
ing is not sufficient to keep the head pulley tight. 
The hood for the receiver is made in two pieces and 
is open at the top, the two sections fitting snugly 
around the shaft. The front section is tapered at 
the forward edges, the point being inside so that 
the splash of the elevator will not be cast through 
the opening. The two sections can, of course, be 
readily removed. It is a very great advantage to 
be able to look into the elevator and to be able to 
hear the warning sounds which it gives out. A 
heavy eye over the top of the elevator is a very 
great convenience in changing pulleys and shafts 
and in making repairs. The buckets used for ele¬ 
vators are of steel and malleable iron of the “AA” 
or deep form. For elevating fine ore the lightness 
of the steel buckets makes them preferable. Mal¬ 
leable iron buckets are 3/16 in. thick. The steel 
buckets are of varying gage from 23 to 12, the 
thickness increasing with the size. The seamless 
steel bucket is much to be preferred to the riveted 
type. 


SnCBHSZONS OF MAUBABM-IXON BMVATOB BU0KBT8 


Liengrth, 

Inches 

1 

1 

Width, 

Inches 

1 

1 

1 Depth, 

Inches 

1 Approx. Capacity 

i_ 

i 1 

1 Cu. In. 1 

1 

1 Gals. 

10 

6 

1 1 

5 

1 

160 1 

0.61 

11 

! 6 

5 ! 

176 1 

0.66 

10 

' 7 

5.5 

210 1 

0.78 

12 

1 6 

5 1 

205 I 

0.75 

14 

1 6 

5 

235 1 

0.88 

12 

7 

5.5 

260 

1.00 

14 

1 

5.5 

310 

1.16 

16 

7 

5.5 

360 

1.35 

18 

1 7 

5.5 

410 

1.53 

12 

1 8 

6.5 

350 

1 1.31 

14 1 

1 8 

6.5 

415 

1.55 

16 1 

! 8 

6.5 

480 

1.79 

18 1 

1 S 

6.5 

515 

2.03 

18 1 

! 9 1 

1 I 

9 

710 

2.63 


In ordering a new lot of buckets it is wise to 
send a templet showing the spacing desired for the 
double row of holes through which the elevator 
bolts pass. 

DIMBNBIOBB OF OBABB AND FINIOBB 



No. of 
Teetii 

Width 
of Face, 
Inches 

Bore, 

Inches 

Hub 

Arms. 

Width, 

Inches 

Diam.. 

Inches 

Pinion .... 

15 

4.0 

lU 1 




Gear . 

60 

4.0 



6% 

6” 

Pinion .... 

12 

4.0 





Gear . 

48 

4.0 

1 3 iV 1 

5^4 ' 

6 

6 ' ’ 

Pinion .... 

18 

I 3.0 

1 

... 1 

\ ... 


Gear .| 

1 

60 1 

1 1 

3.0 1 

1 

3{J ! 

1 

5 1 

1 

7% j 

Web. 

1 


The gearing to be found in mills is generally of 
cast iron. The accompanying table shows three 
examples of gear wheels and pinions, and may be 
of service to those constructing elevators. 

Elevators of moderate length can be driven di¬ 
rectly with a belt. 

Mounting the Belt 

The belt is received at the mill in a coil securely 
sewed up in burlap. If it is to be put into place 
at once a piece of pipe is slipped through the center 
and the pipe and belt are suspended on a pair of 
horses. Horses are set out at regular intervals, on 
which is placed a line of boards. The belt is then 
dragged out on the boards, the pipe which seiwes 
as a shaft being prevented from advancing by a 
couple of cleats nailed on the horses. When a good 
part of the belt is stretched on the boards, it is laid 
off in equally spaced distances with a pencil and 
carpenter’s square. The writer generally made the 
distances equal to the width of the belt from one 
bucket to another. 

The effect of wear on the belt due to the bucket 
can be readily seen on any old belt lying on the 
scrap heap. Below the position occupied by each 
bucket is a deep scar, due to the intensity of the 
scouring action in the boot on these parts, and the 
chaflng of the buckets on the belt, the wear being 
accentuated by grit lodged between the buckets 
and the belt. Since the holes in the buckets are 
larger than the bolts, the buckets are able to shift 
about to some extent. As the buckets in passing 
over the upper pulley are thrown out by centrifugal 
force,’the edge of the bucket presses into the belt 
and tends to break the plies. To a much less de¬ 
gree the backs of the bolts have the same effect. 
The most dangerous breaks will generally be found 
just above the buckets. 

Because of the effect of wear due to the buck¬ 
ets, and because of the smaller load on the belt with 
widely spaced buckets, the millman will put them 
as far apart as possible. It would seem preferable 
to space the buckets rather widely and increase the 
belt speed to get a greater capacity. 

After the belt is laid off by equidistant pencil 
lines, a bucket edge is placed up to these lines, and 
the position of the bolt holes marked on the belt. 
For punching the holes only the best quality of 
punch should be used. Bemis & Call’s punches, 
especially those with extra long shank, are very 
serviceable. The No. 10 punch is the size gener¬ 
ally used. 

The operations of marking, punching, placing 
the bolts and buckets and screwing up the nuts can 
be done most rapidly by a number of men working 
in succession. The nuts are screwed on with the 
rounded face to the bucket. The stamping out of 
the blanks for the nuts leaves a burr which is not 
ground off by the maker. The brace for tighten¬ 
ing the nuts is shown in Fig. 5. 

Splicing 

If a scarf splice is decided upon, a cut is made 
across the end of the belt to the depth of the first 
ply, and at a distance from the end equal to the 
width of the belt, and the ply is tom off from the 
cut to the end. A cut is then made in the second 
ply at a distance from the first equal to the width 
of the belt divided by the number of plies, less one, 
and this is then tom off to the end. With this 
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same width of step the lower plies are successively- 
removed. Fig. 6 is a diagram showing the com¬ 
pleted scarfing for a 20-in. 10-ply belt. The writer’s 
rule for obtaining the proper number of plies for 
the belt is to divide the width by two. 




The writer prefers a butt joint with a covering 
piece equal in length to twice the width of the belt, 
as shown in Fig. 7. This form of joint is of course 
much stronger than the scarf joint and should be 
used on extra heavy belts. Its disadvantages are 
that a bucket placed on the covering piece is apt 
to catch on the receiver iron, or, if the covering 
piece is left blank, an undue strain is thrown on 
the bucket below the joint every time it dips into 
the ore in the boot. 



Fig. 7. Butt Splice. 


Fig. 8 shows the method of bolting together the 
scarfed lap joint and the relation of the advance of 
the ends of the joint upon the head pulley. This 
is exactly opposite to the principle employed in 
splicing leather belts, the point being the last part 
to go on the pulley. There being often considerable 
slippage on the head pulley of an elevator, and it 
being impossible to make a bolted joint lie smoothly, 
a slip of the belt, if the joint was the reverse of 
that shown in the figure, would cause the end of 
the belt to roll up. As shown in the figure, a slip 
of the belt would tend to lay the scarf piece smooth. 

Placing a New Belt 

If the old belt is still in the housing, it will assist 
materially in raising the new one; for, if the new 
belt is attached to the old one at the boot, the lat¬ 
ter, after being cut, will very nearly counterpoise 
the weight of the new one, and as the new belt is 
raised the old one can be drawn out. Large screw 
eyes should be placed at convenient points for 


holding snatch blocks. A rope can then be run 
over the head pulley and the ends dropped down 
through the casing and out at the wing openings 
at the boot, one end being secured to the end bucket 
on the new belt. 



The other end passing out of the boot is caught 
on the snatch blocks and connected with the winch. 
Two men will generally stand at the wing openings 
to pass in the belt, one at the head pulley to see 
that all is well at that point, and others will man 
the winch. 

When the end reaches the boot pulley it is 
drawn upon around it, and the clamps put on. Fig. 
9 shows a belt clamp. A mill having a number of 
elevators should have three or four pairs of these 
clamps. For the heaviest belts a clamp with 1-in. 
rods with machine-cut threads should be provided. 
After the belt is stretched the superfluous belting 
is cut out and the joints are bolted together. 

After the belt has been in service a short while 
the clamps will again have to be put on and another 


Fig. 9. Elevator Belt Clamp. 

piece of the belt removed. If a scarf has been cut 
the unscarfed end is punched while in the clamps, 
one man holding a block behind the belt. The two 
ends are then laid together, and the positioi^ of the 
holes for the scarfed end are marked with red 
paint. The red paint consists of a little red lead 
mixed in linseed oil. The covering piece of a butt 
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joint is punched before bolting into place. Wood 
clamps are convenient for holding the joint to¬ 
gether while the belt is being marked. 

Patching Elevator Belts 

Patching is often resorted to to prolong the life 
of the belt. Not infrequently, owing to the great 
delays occasioned in getting belting, one is forced 
to prolong the life of the belt in use. The most 
dangerous breaks are the horizontal ones across the 
belt above a bucket. A break of this kind, which 
appears to penetrate only through the rubber, is 
often a number of plies deep. The back of the belt 
is often studded with pieces of ore, which have been 
forced into the belt,, giving the appearance, de¬ 
scribed by millmen, as “shot.” Wherever needed 
the buckets are removed and a piece of new belting 
is bolted on to stren^hen the belt. No task is so 
disa^eeable as making repairs in a wet elevator 
housing or raising a fallen belt. The grit-laden 
drippings on the skin cause an irritation which is 
the acme of discomfort. While patching the belt 
is going on, an examination of the boot should be 
made for broken buckets or anything likely to stall 
the elevator. If the elevator is the one below the 
No. 1 rolls, bolts, pieces of drill steel and other iron 
brought in with the ore from the mine, may be 
found. 

The receiver iron should be given attention. If 
badly worn it will allow ore to drop into the boot. 

Buckets 

Elevator buckets dipping into ore wear down 
most rapidly at the comers. Buckets subjected to 
much wear and tear should be watched rather 
closely. After they are worn down to a certain 
point, putting on new ones will cause the elevator 
to stall or break the belt. The front of the buckets 


receiving no support from the wora-down comers 
is readily doubled up by any obstmction in the boot. 

A bucket distorted outwardly is apt to catch on 
the receiver iron. The writer has seen heavy mal¬ 
leable-iron elevator buckets, of which all that re¬ 
mained attached to the belt was the back plate. 

If the elevator is gear-driven, a spare pinion 
shaft, pinion and pulley complete, should be kept 
on hand near the receiver ready to be dropped into 
the boxes in case the teeth of the pinion are strip¬ 
ped or the pinion shaft is broken. 

No. 1 elevator was subject to ^eat and sud¬ 
den shodcs, Nos. 8 and 4 were subject to shocks, 
though in a lesser degree, and No. 2 was free from 
shocks. 

The figures for the first set of gears, given in 
the table on gears, are for elevator No. 2. The sec¬ 
ond pair is for elevators Nos. 1 and 3, and the third 
set is for elevator No. 4. 


TOVM UBVAXOBS SBTAIU AHD OP: 


TIOV 


No. 11 No. 2 I No. 3 |No. 4 


Vertical distance between shaft centers 


Vertical angle of line connecting cen¬ 
ters of pulleys. 


47.88 I 42.77 | 31.67 | 56.92 


bo c , 

Q\ S 


20 


B bo' C 

Sio' S 


I 


11 


34 


Horizontal offset, inches per foot rise.. 
Belt: Width, inches . 

1.76 

16.0 

2.36 

16.0 

1.07 

16.0 

1.59 

20.0 

Number of plies. 

8.0 

8.0 

8.0 

10.0 

Travel, feet per minute. 

440.0 

440.0 

440.0 

500.0 

Buckets: Style .. 

AA 

Steel 1 

AA 

AA 

Size, Inches .. 

8x14 

7x14 

8x14 

8x18 

Spacing, inches . 

16 

16 

16 

20 

Tons ore raised in 24 hours. 

700 

100 

350 

350 

■Rnng’o of size of ore raised (mm.). 

60-0 

4-0 

40-0 

40-0 

Tons wster raised in 24 hours. 

601 

601 

2405 

430S 

Gallons of water raised per minute.... 
Head Pulley: Diameter, inches . 

100 

40 

100 

40 

400 

40 

716 

48 

Face, inches . 

18 

18 

18 

22 

Bore, inches . 

SO 

30 

3A 

36 

it * 

Root Pulley: Diameter, inches . 1 

Face, inches . 

18 

3 ’^ 

18 I 

18 

4 ’^ 

22 

I3 *^* 

Bore, inches .. 

3 A 

Horsepower . 

1.^8 


WET BUCKET ELEVATOR DESIGN' 


The speed at which a wet-bucket elevator should 
be mn, the proper slope for the ascending belt, the 
question of feeding into the boot or into the bucket, 
whether the dividing point in the receiver should be 
high or low, the right and wrong side for the 
extra rubber cover of the belt, and many other such 
problems enter into the design of wet-bucket ele¬ 
vators; problems which are all too often left to 
rule-of-thumb solutions. In studying the under¬ 
lying theory of the wet-bucket elevator I have come 
to the conclusions that are here outlined. 

Importance of Action of Head Pulley 

What takes place at the head pulley where ca¬ 
pacity is limited by several conditions is not well 
understood. It is known that centrifugal force 
helps the elevator to discharge, and that the force 
of gravity holds the pulp or liquid level in the 
bucket when going up and helps it out coming 
down; it is thought that friction perhaps slows up 
the discharge. Of the magnitude and relations of 
these forces our information is rather limited. 

After the elevator bucket reaches the head pul¬ 
ley both the force of gravity and centrifugal force 

•Eng. and Min, Journal. 


are acting on the pulp in the bucket, the former 
tending to hold it down in the bucket with its 
surface horizontal, the latter tending to pile it up 
against the discharge side of the bucket. As for 
friction, it will be found upon investigation that 
the velocity of the pulp with relation to the bucket, 
as well as the pressure between the pulp and the 
bucket, is low when they part company, and the 
distance passed over in contact is so short, that 
friction can be dismissed as having practically no 
effect on capacity or discharge. 

The ordinary elevator bucket of malleable iron 
or pressed steel has a section about as shown in 
Fig. 1, the angle of inclination Z of the outer face 
being about 30°. The force of gravity acting on 
any particle in the bucket is the weight W of that 
particle, always constant and always acting down¬ 
ward. Centrifugal force C is always a radial from 
the center of the pulley, and its magnitude is de¬ 
termined by the formula, 

Wv* 

gr 

where C equals centrifugal force in lb.; W equals 
weight, or force of gravity in lb.; v equals velocity 
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in feet per second; g equals 32.2, the acceleration of 
gravity; and r equals radius in feet, of path of 
particle. 


Figs. 1 and 2. Forces Acting on Pulp in Elevator Buckets. 

The resultant R of these two forces C and W is 
constantly chan^ng in magnitude and direction as 
the bucket carries the particle around the pulley. 
The level of the liquid is always at right angles to 
the resultant force acting upon it, and with a vary¬ 
ing resultant, the surface will change with refer¬ 
ence to the tangent of the pulley. The volume car¬ 
ried in the bucket will be limited by the sides of the 
bucket and, as shown in Fig. 1, a plane perpendicu¬ 
lar to R. As the centrifugal forces on the particle 
at all iwints pass through a common center and are 
equal in magnitude, the two forces C and W are 
combined in the accompanying diagrams, about this 
center, the resultant R extending from the upper 
end of the vertical line representing the weight W, 
and ending at the circumference at a point corre¬ 
sponding to the angular position of the particle, the 
radial distance being equal to the centrifugal force 
C. The angle y. Fig. 1, between the surface of the 
pulp and the tangent to the circle of motion of the 
particle X is always equal to the angle y between 
the lines of the forces R and C (Fig. 2), each of the 
former being, respectively, perpendicular to each of 
the latter. From Fig. 1 it will be noted that as the 
angle y decreases, the volume of pulp possible in 
the bucket decreases, allowing the surplus to slip 
over the lip of the bucket and to be discharged; 
when y becomes equal to Z the bucket has no ca¬ 
pacity whatever. 

From Fig. 2 it will be noted that R is least at 
the top position and greater at lower positions no 
matter what the relative magnitudes of C and W, 
that R tends to hold the pulp in the ascending 
bucket and discharge it from the descending. When 
C is less than W, R is downward at the top tending 
to empty the bucket ontp the belt and to let it slop 
over the sides of the pulley. When C is greater 
than W, R is directly upw.Hrd at the top position 
tending to push the pulp out of the bucket in that 
direction. When C is equal to W. R is equal to zero 
at the top position and the pulp is released from 
pressure against the bucket, aiid travels under tne 
influence of the velocity it has, that of the bucKet, 
and of the force of gravity. It is. apparent that 
operation under this last condition will be near to 
that required for best results, the pulp will not fall 
onto the belt, the discharge will be free, and the 
buckets will have good capacity. 

For this last condition, namely that centrifugal 
force be equal to the force of gravity, that is, W = 
Wv® 

C =-the velocities V in feet per minute, equal 

gr 
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to 241 times the square root of diameter in feet of 
the bucket tip have been called “critical speeds," 
and the values have been plotted in Fig. 3 for dif¬ 
ferent pulley diameters, speed and diameter being 
given in the form most advantageous in practice. 
It is here assumed that the pulp particles take the 
velocity of the bucket tip, which is substantially 
correct for the conditions which are being con¬ 
sidered. 



Velocities—Bucket Tip and Belt in Feet per Min. 
Fig". 3. Chart of Critical Speeds. 


As the velocity of the belt and pulley is less 
than that of the bucket tip, additional curves have 
been drawn for the pulley diameters when belt 
thickness and bucket projection are allowed for. 
The curves give both the belt velocities and the 
revolutions per minute of the pulley for the differ 
ent values of T (belt thickness plus bucket projec¬ 
tion, in inches) of 3, 4i^, 6, 7V^, 9 and 12 in., when 
the bucket tip is traveling at the critical speed. 

Many belt elevators in practice, operating at belt 
speeds from 300 to 400 ft. per min. will check 
fairly well with these curves; those at speeds above 
400 ft. per min. are either running too fast or have 
pulleys too small for the belt speed. Present-day 
practice has been slowly and cautiously increasing 
velocities and pulley diameters, the curves show 
what changes can be made to increase capacity 
along rational lines. 

In some plants elevators are reported running 
at 25 to 40% overspeed; critical speed equals 100%, 
and high hoods are required. This suggested a 
study of discharge points and of bucket capacities 
as affected by oversi^eds, and the results as shown 
in Fig. 4 clearly indicate that these particular ele¬ 
vators were letting go of much if not all of their 
pulp just after the bucket reached the head pulley, 
probably recovering some of it to discharge nearer 
the receiver. 

Effects of Overspeeds 

In explanation of Fig. 4, it will be recalled that 
the resultant R of the two forces C and W is chang¬ 
ing in magnitude and direction as the pulley re- 
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volves, and it is the direction of R that is of interest. 
At the critical speed a bucket traveling vertically, 
around the pulley, has its resultant R at 45° from 
the horizontal, which means that the pulp in the 
bucket assumes this angle on its surface. At over¬ 
speeds R is flatter, the pulp lies in the bucket at a 
steeper angle and capacity is less. As the bucket 
travels upward around the pulley the angle of R 
does not increase as rapidly as the pulley turns, so 
that up to a certain point its capacity increases, 
then it gradually decreases until discharged. 

As before stated, the angle y is that between 
the surface of the pulp and the instantaneous di¬ 
rection in which it is moving. It varies, of course, 
with R, and its values are shown in Fig. 4 for the 
different angular positions as the bucket travels up 
to the top of the pulley, at the critical speed and at 
overspeeds. These y curves are found to be true 
circles passing through the center and top points 
of the critical-speed circle, and with centers at the 
intersections of lines drawn from these two points 
at angles y from the horizontal. The overspeed 
curves are lines of equal centrifugal force measured 
from the center of the circle. It will be noticed 
that the distance between them increases as over¬ 
speed increases, because centrifugal force increases 
as the square of the velocity. 

Examples of Overspeed Effects 

Using Fig. 4, what happens, say with 20% over¬ 
speed will now be explained. \^en the bucket 
reaches the head pulley the surface suddenly 
changes from a horizontal position to one inclined 
about 36° from the vertical, and likely the shock 
will throw some of the pulp up on a still steeper 
angle. As the pulley turns and the bucket reaches 
a point 20° from the horizontal the surface of the 
pulp has subsided to an angle inclined 40° from its 
direction of travel, half way up the surface angle 


is 43° and then it decreases to 40° at two-thirds up 
and then to 35° at 70° up the arc, then 29° at 75° 
up, and 22° at 80° up. Discharge has taken place 
when the surface of the pulp is parallel to the face 
of the bucket, that is, when y equals Z in Figs. 1 and 
4. If Z is 30°, then discharge has taken place before 
the bucket is 75° up the arc. By the discharge 
taking place, is meant the point where pressure 
ceases between the pulp and the bucket and the 
pulp is free to leave, although it will be some little 
distance and time before they will actually have 
separated. 

If a bucket with an angle Z equal to 25° have an 
overspeed of 40%, it will discharge all of its pulp 
at contact with the pulley, the belt rising vertically 
to the pulley, it will perhaps recover some of it at 
15° up and discharge again 40° up the arc, and it 
holds nothing on an angle Y greater than 31°. The 
surface of the pulp may be slightly curved and 
very likely as discharged will be elongated over the 
len^h of the face of the bucket. It does not seem 
that this would affect materially the point of di¬ 
vision between the down-going buckets and the dis¬ 
charged pulp going into the receiver. I have been 
told that this point of division should be but little 
lower than the center line of the shaft, that it 
should be on a 45° angle from this, that it should 
be on a level with the bottom of the pulley, and 
again that it should be on a 45° angle tangent to the 
pulley. Two or three wet elevators that I have 
designed on the last basis discharged beautifully, 
but I am satisfied that the troubles of sampling-mill 
practice were responsible for this low discharge and 
that in wet mills such extreme precautions are not 
needed. 

In Fig. 5 are drawn various pulleys, "^th the 
paths followed by the pulp particles leaving the 
bucket tip at critical speeds plotted to the same 
scale; three curves are also drawn in dash lines 
showing paths followed when discharged 60° up 
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the arc by overspeeds. Critical speeds of 7, 8, 9, 
10 and 12 ft. per sec. have been taken, correspond¬ 
ing to pulleys 24, 33, 45, 57, 69 and 84 in. diameter, 
with belt and bucket projections 6, 7, 8, 9,10^^ and 
12 in., respectively. The location of the discharg¬ 
ing masses and also of the bucket tips are shown 
*4> % and 1/2 sec. after leaving top position. The 
discharging mass is shown elongated partly to caU 
attention to it, the shape of the mass is open to 
question. One who has listened to the discharge of 
an elevator knows that discharge takes place in 
masses rather than in a thin stream. 

From these curves in Fig. 5, it can be seen that 
the divider placed on a horizontal line with the cen¬ 
ter of the pulley will make a good separation, pro¬ 
vided the elevator be running up to critical speed. 
If below critical speed, the pulp which has fallen 
on the belt is discharged at the velocity of the belt 
and not of the bucket tip, and in consequence it 
does not start as high up nor go nearly so far out 
in discharging. As the coarser sand which may 
have settled in the bucket would naturally discharge 
last, the error is made on the safe side when the 
divider is placed lower. Then observations on the 
position of the divider do not apply to s.o called dry 
ores, where a little moisture often requires a low 
divider. 

The following conclusions can be drawn from 
what has been stated. The velocity of the bucket 
tip should not be less than the critical speeds given 
in Fig. 3, and not more than 5 to 10% greater. 
Overspeeds reduce bucket capacity and help dis¬ 


charge but little. In elevating water and non-set¬ 
tling pulps, the outer face of the bucket should be 
nearly parallel with the belt face, as the capacity is 
in the lower front comer, and the slope of the outer 
face does not assist discharge. For pulp in which 
the sand may settle out it may be necessary to stick 
to the present type of bucket. With the change in 
bucket shapes suggested, about double carrying ca¬ 
pacity per bucket could be obtained. Bucket ca¬ 
pacities should be stated on the basis of a line drawn 
from the tip at an angle of 45° with the belt face, 
this being the maximum possible capacity for wet 
elevators running vertically. The diameter of the 
head pulley must be taken into account in every cal¬ 
culation, it is fully as important as belt speed. By 
increasing the diameter, the belt speed can be in¬ 
creased, giving greater capacity. Increased diam¬ 
eters will be easier on the belts. Unless the buckets 
finish loading after leaving the contact with the boot 
puUey, the latter should have the same diameter 
as the head pulley. The inclination of the ascend¬ 
ing belts will allow the buckets to retain a greater 
portion of their load as they reach the head pulley. 
Discharge is not affected by inclination on the de¬ 
scending side. Capacity is proportional to belt 
speed, which can be greatly increased only by in¬ 
creasing the diameter of the head pulley. Bucket 
capacity can be greatly increased by making the 
section nearly rectangular. With decreased weight 
of bucket for equal capacity and with higher speeds, 
belt wear will be reduced, and narrower belts can 
be used. 


Screen Openings for Sizing Jig Feeds 


The practical mill operator desires to know how 
^eat a range of size of particles may be fed to a 
jig without interfering with perfect jigging— 
which means what mesh screens to use to prepare 
the ore for feeding to the jigs. We have devised 
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a diagram, 0237, from which may be obtained the 
exact information required for any ore. 

This dia^am is based on the laws of “Hindered 
Settling” (jigging) and on “Hindered Settling Ra¬ 
tios” determined by Dr. Richards, all of which will 
be found in Chapters 14 and 15, Vol. I, and Chapters 
25 and 36, Vol. Ill, Richards “Ore Dressing.” 

To use this Screen Ratio Diagram it is necessary 
first to know the physical composition of your ore, 
that is, what minerals and gangues will be separ¬ 
ated or liberated by crushing. Then must be found 
the specific gravity of each component by referring 
to the specific gravity table. 

Suppose, for example, your ore when crushed 
separates into particles of pyrite and particles of ‘ 
quartz gangue. From the table the specific 
gravity of pyrite is 5.0 and the specific ^avity 
of quartz is 2.6. Now, referring to the diagram 
0237, find 5.0 on the left and follow the horizontal 
line to the point where it meets the curve 2.6, then 
down vertically to the bottom of the diagram, 
which would be 2.8. 

2.8 is the greatest screen ratio allowable in this 
case, but for safety we will use 2. This means that 
the largest particle in the jig feed must not be more 
than twice the diameter of the smallest particle in 
the same feed. 

If it has been decided that profitable jigging 
may commence with ore crushed to 14-inch, then 
the first screening of jig feed would be through 
i/^-inch, and on one-half of I/2 or i4-inch opening. 

The next screening would be through % and on 
one-half of Vi or Vi-inch. For an ore composed of 
galena and quartz the greatest ratio will be found to 
be 5.75, but for safety use 4. 

Courtesy Denver Eng. Works. 

SECTION XVII. 


Digitized by LjOOQie 







000 SETTLING DATA 


FREE SETTLING AND HINDERED 

SETTLING 


The hydraulic classification of ore pulps com¬ 
prises two methods, one known as “free settling” 
and the other as “hindered settling.” 

Assume an ore consisting of but two elements, 
galena and quartz, and after crushing it to a suit¬ 
able size, feed this pulp to the common form of 
“Spitzkasten” or pointed box classifier of the “free 
settling” type; then a particle of galena 1 mm. in 
diameter wfil fall through the water with a par¬ 
ticle of quartz 3.5 mm. diameter—and this ratio 
1 to 3.5 is the “free settling” ratio for galena and 
quartz. 



Feeding the same galena-quartz ore to a classi¬ 
fier, such as the Richards Pulsator, will, by means of 
the pulsating current, subject the ore to “hindered 
settling” conditions, and a particle of galena 1 mm. 
diameter will fall through the pulsating current 
with a particle of quartz 6.5 mm. diameter. This 
ratio of 1 to 6.5 is the “hindered settling” ratio for 
galena and quartz. 



Thus the “hindered settling” conditions deliver 
from each classifier compartment a pulp in which 
the gangue particles are nearly twice as large as 


would be the conditions under “free settling.” This 
increase in the diameter of the gangue particle has 
an important bearing on the increased recovery of 
values and particularly in the separation of one 
mineral from another on the same table. 


TABU or KXVSBBBS-8BTTUBO PACTOBS 

Klndered-BettUnr Factors, or Iffoltipllors for Obtaining tho 
rozlmato Diamotor of the Partiolos of Quarts BottUiijr ia a 
B of Chralns That Will ho in Equilibrium With, and Adjacent 


to, the mnsral Epooiflod: 

Copper . 8.6 

Galena . 5.8 

Wolframite . 5.2 

Antimony . 4.9 

Cassiterite . 4.7 

Arsenopyrite . 3.7 

Chalcocite . 8.1 

Pyrrhotite . 2.8 

Sphalerite (blende) . 2.1 

Epidote . 1.6 


Example —If mixed grains of quartz and galena are allowed 
to arrange themselves in a mass, hindering and elbowing one 
another all the time, in an upward-moving current of water, 
the quartz particles, when equilibrium is reached, will be found 
to have approximately 5.8 times the diameter of the particles 
of galena poised alongside of them. 


SCREEN MESK AND MAXIlgXJW 8XSE OF PARTZCUS 
PASSINO THROnOK TRE SCREEN 

Heavy Mining Grade—Steel Wire—Washburn A Moen Gauge 


No. of 
Mesh 

^ X. 1 

Gauge No. 
of Wire 

Diameter of 
Wire, Inches 

Maximum Size of Particle 

Inches 

Millimeters 

4 

12 

0.105 

0.170 

4.32 

5 

13 

.092 

.108 

2.74 

6 

14 

.080 

.085 

3.15 

7 

15 

.072 

.078 

1.98 

8 

16 

.063 

.053 

1.34 

10 

18 

.047 

.053 

1.34 

12 

19 

.041 

.041 

1.04 

14 

20 

.035 

.036 

.92 

16 

22 

.028 

.028 

.71 

18 

23 

.025 

.025 

.63 

20 

24 

.023 

.023 

.58 

24 

26 

.018 

.018 

.46 

30 

30 

.014 

.014 

.35 

35 1 

31 

.0135 

.0135 

.34 

40 

32 

.013 

.013 

.33 


TAEDB OF FREE-SETTDZNG FACTORS 

Free-Settling Factors, or Multipliers for Obtaining the Din meters of Quarts Which Will be Equal-Settling with the Min¬ 
eral Specified When Settling Freely in Ample Water. 


VELOCITY IN INCHES PER SECOND 

1 i 2 i 3 \ 4 i 5 i 6 i 7 i I j 9 


MULTIPLIERS 


Anthracite. 

.500 

.353 

.225 

.213 






Epidote . 

1.57 

1.35 

1.05 

1.13 

1.50 

1.61 

1.56 

1.56 

1.47 

Sphaelrite . 


1.46 

1.05 

1.17 

1.62 

1.64 

1.63 

1.66 

1.56 

Pyrrhotite . 


1.73 

1.29 

1.48 

2.00 

2.22 

2.26 

2.13 

2.08 

Chalcocite . 


1.90 

1.47 

1.62 

2.07 

2.28 

2.41 

2.44 

2.17 

Arsenopyrite . 


1.90 

' 1.57 

1.89 

2.42 

2.56 

2.72 

2.84 

2.94 

Cassiterite. 


2.11 

1.79 

2.00 1 

2.73 

2.93 

3.03 

3.05 

3.12 

Antimony. 


2.71 

2.00 

2.00 1 

2.73 

2.93 

3.03 

2.98 

3.00 

Wolframite . 


2.71 

1.83 

2.07 

2.86 

3.04 

3.21 

3.28 

».26 

Galena. 


2.71 

1.83 

2.26 1 

3.00 

3.42 

3.65 

3.76 

3.75 

Copper . 


2.71 

2.00 

2.36 

3.00 

3.20 

3.58 

3.76 

3.76 


Example —If a compact particle of galena, falling freely in water, settles 7 inches per second, the particle of quarts of 
the same shape that w^l settle at the same rate will be approximately 3.65 times the diameter of the galena. 

NOTE—Tables above are from a paper In the Transactions of American Institute of Mining Engineers, “Close Sizing Before 
Jigging,” by Prof. Robert H. Richards. 
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FREE AND HINDERED SETTLING OF 

MINERAL GRAINS' 


At the meeting of The American Institute of 
Mining Engineers, held in New York, April, 1907,^ 
Prof. Robert H. Richards, of the Massachusetts In-j 
stitute of Technology, presented a paper entitled,; 
“Velocity of Galena and Quartz Falling in Water,” i 
in which he described a series of experiments car-« 
ried out under his directions. Since that time his 
interest has been drawn to work on the laws of 
hindered-settling. He has invented a hindred -1 
settling classifier, and has done considerable ex-’ 
perimental work to find the hindered-settling ratio ^ 
of quartz and galena. i 

While working in Professor Richards’ employ^ 
on this classifier I became interested to work outj 
this ratio mathematically, and, if possible, the’ 
theoretical, i. e., mathematical, explanation of this 
hindered-settling action. 
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Plate II. Velocities for Grains of Smallest Size Showing 
Deviation From Formulas. 

reliability of these averages, or any law derived 
from this data, it seems necessary to know the 
average deviation of the individual velocities from 
these averages as given. Therefore, in Plate III, 
in each case the average deviation of the 100 grains 
is denoted by a dot and circle on each side of the 
cross. This deviation in velocity is due largely to 
the differing shapes of the grains, but also is due 
in part to the range in the size of the grains taken. 
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Plate I. Velocities of Quartz and Galena Grains Falling 
Freely in Water. 

This paper first gives in plotted form—^Plates 
I to IV—^ata taken from the paper by Professor 
Richards on the velocities of galena and quartz 
grains settling freely in water; along with a dis¬ 
cussion of free-settling, and the derivation of for¬ 
mulas to express these velocities. With these as 
a basis, a method is ^ven for working out the hin¬ 
dered-settling velocities and general conditions for 
quartz and galena, or incidentally any two minerals. 

Free-Settling 

By the term, velocity of a grain, is meant the 
velocity which a grain attains when falling in 
water. It is the same thing as the velocity of the 
rising current necessary to keep the grain from 
either sinking or being carried up. This maximum 
velocity of the sinking grain is attained after a fall 
of about 2 ft., depending on the size of the grain. 

In Plates I to IV, inclusive, the little cross marks 
(x) represent the average diameter corresponding 
to the horizontal position of the cross. To judge the 

•By Arthur O. Christensen in Eng. and Min. Journal. 
MINING CATALOG 
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Plate III. • Velocities of Quartz and Galena Grains 
Falling Freely in Water. 

For example, the grains plotted as having an ov¬ 
erage diameter of 11.93 mm. are, in fact, an3rwhere 
from 11 to 12.9 mm. in size. A closer sizing would 
give a smaller deviation in velocities. As it is im¬ 
possible to calibrate the screens used for sieving 
precisely, variations of averages from the curve 
are, in part, due to this error. 
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In the case of the four largest sizes of galena 
grains in Plate III vertical lines represent by their 
length the number of grains having velocities cor¬ 
responding to the horizontal pdsition of these lines. 
An examination of these shows how the bulk of the 
grains have velocities greater than the average. It 
is a question whether to plot the velocities from 
the mass of grains in each case, or to take the 
average velocities, which are dragged down by 
some odd shaped grains lagging behind the rest. 
An upright cross (+) represents the velocity t)f 
the bulk of the grains. The curves plotted are com¬ 
promises between this and the average. 



10 20 30 40 60 00 70 30 00 100 110 120 130 140 160 100 170 


Plate IV. Velocities for Grains Smaller Than 0.15 mm. 
Showing Deviation Prom Formulas. 



In making Plate III especial pains were taken 
to show that the velocity of any size of quartz or 
galqna grain can be stated quite accurately from 
its diameter. The mathematical curves represent¬ 
ing the velocities as plotted on Plates I and III are 
seen to lie well within the average deviations of 
the velocity in each case, and in most cases between 
the average velocity and velocity of the bulk of the 
grains. 

Rittinger is still often quoted as having estab¬ 
lished the law for the velocities of grains of min¬ 
eral falling freely in water. He assumed the grain 
to be a cube, falling with faces horizontal and ver¬ 
tical, in which case, falling at maximum velocity, 
the weight of the grain in water is equal to the 
area of a face, midtiplied by the head of water 
required to hold it up. This head is here a velocity 
head, being known from the formula: 


Thus 


_ V» 

V = V2gh; h = — 

2 g 


V* 

DMG —1)= —D*; 2gD(G —1)=V* 
2 g 


V = 140 V'D (G —1) 

D = diameter of the grain in mm., in this case the 
length of an edge of the cube. G = sp. gr. of the 
mineral. Therefore (G — 1) is its specific weight 



Plate VII. Hindered Settling Ratios of Quartz and-Gelena 
and Settling Velocities. 


in water. V = velocity attained in mm. per sec., 
or the current necessary to support the grain, 
g = acceleration due to gravity: i. e., 9800 mm. per 
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sec. As this equation gives velocities far too high, 
Rittinger substitutes for the 140 a factor C which 
varies from 61 to 87, according to the shape of the 
grains. In any case, whether we assume the grain 
a cube faUing with one comer down, as it would 
naturally fall, or a sphere, or an ellipse, his for¬ 
mula, derived from a purely theoretical considera¬ 
tion, is the equation for a parabola. No parabola, 
however, can be plotted which will even lie between 
the average deviations of the velocities of the 
grains. In other words, the experimental precision 
warrants an equation much more precise than any 
of Rittinger’s. 
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Plate VI. Specific Gravities and Effective Specific Gravities 
for Columns of Teetering Galena. 

If we sieve a crushed mineral through a series 
of sieves and weigh a known number of the dif¬ 
ferent sizes of grains we would probably expect 
that the weights would vary as the cube of the 
diameter varied, and would follow the equation 

8.1416 D* 

W =-G, where W is the weight of the 

6 

grain, D the mean between the diameter of the last 
sieve which the grain passed and that of the sieve 
which it was caught on, and G is the sp. gr. of the 
mineral in question. This, however, is not the case. 
Here the cleavage of the mineral comes into play. 
The weight of a cube is almost twice that of a 
sphere of given diameter. The weight of an ellii>- 
soid is greater or less than that of a sphere de¬ 
pending on which axis of the ellipsoid we take as 
its diameter. 

If we take a mineral sized through a series of 
sieves, and weigh a definite number of each size 
grains, a plot showing the weight of the sizes will 
vary as the cube of the diameter of the 
grains, but will not coincide with the formula 

3.1416 D* 

W =-G, which assumes the grains 

6 

spheres. Of course the curve will depend, in part, 
on how the mineral was sieved. By the gentlest 
sieving the weight of the ^ains will be lower than 
if rough and repeated sieving was done. By using 
comparatively gentle sieving it has been found that 
for quartz, W = 1.16D^, expresses the weight of 
the grains in terms of its diameter, the quanti¬ 
ties being in millimeters and milligrams. For 


galena the weight is W = 4.8D*. The weight of 
the galena grains is above, and of the quartz 
below the values expressed by the equation 

3.1416 D» 

W =-G, which are 8.98 and 1.89 respec- 

6 

tively. This is what we should expect, as galena 
tends to break into cubes and quartz into ellipsoids 
and lath-shaped pieces of all manner of irre^lar 
shapes, which, when sieved gently, have a weight, 
in proportion to their diameters, less than what 
spheres of quartz would.have. The same is the 
case with pyrite grains, or crushed slag. 

If, from these equations for the weights of 
quartz and galena ^ains, we should derive equa¬ 
tions for the velocities of the grains falling in 
water we might claim to have the most accurate 
equations which could be derived from purely theo¬ 
retical considerations. If W = 1.15 D’ is the 
weight of the quartz grain in air its weight in 
water (Wm/) would be: 

G —1 

Wk; = 1.15D»-= 0.716D*. Equating the 

• G 

weight of the e^ain to the head of water impinging 
against its horizontal cross section we get: 

3.1416 V* 

0.716 D» =-D» —: 

4 2 g 

V = 133.6 V”D~ 

Similarly for galena we can derive the equation 
V = 322 V D from the formula Wff = 4.8D®. 

Factors Effecting Velocity of Falling Grain 

Going further into the consideration of the fac¬ 
tors acting when a grain is falling in water we see 
there are at least two more elements which enter. 
On the one hand, the weight of the grain in water 
is the only element forcing it down, so on the one 
side of the equation we may feel secure in placing 
Ww, or its equivalent 0.716 D® for quartz, and 
4.16 D® for galena. On the other side there is the 
impact of the rising water against the horizontal 
section of the ^ain. This is an uncertain quantity. 
In fact it varies constantly as the grain revolves 
and twists while sinking. Here this section has 
been assumed a circle, which for the present seems 
as accurate as can be stated, although probably, as 
with the weight, the cleavage again enters. 

Then, every grain is known to retain a film of 
water about it. This film may not be sharply de¬ 
fined, but the water immediately next to the grain 
stays with it; that not so close tends to stay with it, 
but may be dragged away; and the water outside 
of this may merely be dragged along for a short 
distance with the ^ain. The effect is that of a 
film of a definite thickness. 

The action is well illustrated by beach sand. It 
is to be observed that beach sand does not wear 
down indefinitely, but after a certain fineness the 
grains are protected from further wear by a film of 
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water. This film tends, in the case of grains sink¬ 
ing in water, to increase the diameter, and conse¬ 
quently the horizontal cross-section without in¬ 
creasing the weight. In the case of the larger sized 
grains this effect may be small, but in the case of 
the smaller ones it is an important factor. 

Another influence seems to enter into the sink¬ 
ing ability of the finest stains. The water seems 
to have a power of cohesion which must be over¬ 
come by the grains. The smallest ones seem to be 
almost entirely unable to force the water apart. 
This is illustrated in the case of slimes which will 
hardly settle at all unless some salt, such as soda- 
alum, be added to the solution. This salt seems to 
destroy the water’s power of cohesion. For ex¬ 
ample, grains of galena 0.03 mm. in size have the 
velocity which a grain of that weight and 0.5 mm. 
in size would have if it was merely a case of the 
weight acting against the impact of rising current. 
Grains of quartz 0.03 mm. in diameter have the 
velocities which would be expected of grains 1 mm. 
diameter and of that weight. 

For the larger grains the viscosity of the water 
enters into account. There is a resistance offered 
by the water, which increases as the velocity of the 
grains increases. This effect acting on the larger 
grains, and the effect of cohesion, and' a film adher¬ 
ing to the grain, acting on the smaller ones, is 
found to cause a nearly constant loss in velocity 
for all grains having a velocity above 5 mm. per 
sec., according to the results obtained by Professor 
Richards. 

Equations Derived for Free-Settling Velocity of 
Grains 

Thus if we subtract 36 from the equation which 
we derived from quartz, and 67 from that for 

galena we get the equations: V? = 133.6 — 

36 and Wg = 322 V D^ — 67. As seen on Plates I 
and II these equations fit the results found from 
experiment admirably well. Generalizing these 
equations so as to have an equation to hold for all 
minerals we get: 

/W(G —1) 8r~ 

V= /- 

V D*G 3.1416 


/W(G —1) 8g 

(0.1115 /-f-D-t-21.10) = 

V D*G 3.1416 

/Ww /Ww 

168 /-(17.6 /-^ D-t-21.10) 

V D* V D 

An attempt was made to derive formulas which 
should be more exact than these. 

The equations Yq = 147 V — 66* and 

Yg = 380 V D^ —126 * Y^Dg were found to be 
about the best empirical formulas which could be 
derived for the velocities of quartz and galena sink¬ 
ing in water. They are plotted on Plates HI and 
rV and are seen to hold very well for all grains 

above 0.1 mm. diameter. The equation V = 147 VT 
is what would be derived, assuming the quartz 
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grains to be spheres with no adhesion, cohesion, 
friction, etc., entering into consideration. 

For the smallest grains both of the above sets 
of formulas fail, and we must use the formulas 
V = 700 D* for quartz, and V = 4000 D* for galena. 

For grains of quartz and galena having equal 
settling velocities the equations may be combined 


thus: 133.6 V D? — 36 = 322 Y^g — 57. Substi¬ 
tuting values for D^ we get corresponding values 
for D^. D^D^ is the free-settling ratio of quartz 
and galena. This ratio is plotted on Plates I and 
II. In the case of the smaller grains, Plate II also 
gives the ratio as computed from the plotted values, 
thus showing the variance of the actual ratio from 
that derived from the formulas. Plates m and IV 
show the same as Plates I and n using the more 
exact formulas. 


In the case of the smallest grains the ratio 
figures out 


4000 


700 D?“ = 4000 D?*; Dq^ = - Dg^ = 5.71Dg*; 

700 


Dq 

Dq = 2.39 D^-= 2.39 = R. 

Dg 

The free-settling ratio for the smallest grains seems 
to be a constant, i. e., 2.4. 

Hindered Settling 

In Fig. 1 is represented, diagrammatically, a 
tube having a constriction at the lower end. The 
area of this constricted end is about one-quarter 
the area of the cross section of the rest of the tube. 
A current of water runs from the bottom and over¬ 
flows over the top. A mixture of crushed quartz 
and galena, for example, below, say, 2 mm. diam¬ 
eter, has been put into the tube. The velocity of 
the current rising through the constricted area of 
the tube is such that the heaviest grains just can¬ 
not fall through it. From Plate I or Plate HI we 
see that this velocity, since the largest galena 
grains are 2 mm. diameter, must be 400 mm. per 
second. 

In the tube the larger and heavier grains find 
their way to the bottom, the lighter ones are forced 
up. A state of equilibrium is reached where the 
actual velocity rising through any section of the 
tube is just sufficient to support the grains which 
are occupying that section. Thus we notice that 
toward the bottom of the column the grains are 
more compact than higher up. Perhaps the condi¬ 
tion of the grains near the bottom could be de¬ 
scribed by the term, “just not teeter”; those a little 
higher up “just teeter”; and still higher as “full 
teeter,” whereas the grains at the top of the tube 
would be so widely separated from one another as 
to be called “free-settling.” 

The point to be notiped in this condition is that 
the grains of quartz which find their place at a cer¬ 
tain hight of the tube are of such a size that their 
free-settling velocity is very much greater than 
that of the galena grains which occupy the same 
position in the tube, when the system is in equilib¬ 
rium. It might be supposed that grains having 
the same settling velocities would occupy the same 
portion of the tube. Such is not the case, and it is 
in this action that hindered-settling obeys different 
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laws from free-settling. The larger grains of the 
lighter mineral are forced up by the smaller grains 
of the heavier mineral. 

The effect of maintaining a column of teetering 
grains is that of establishing a liquid whose specific 
gravity is equal to the total specific gravity of this 
teetering column, with modifications which will be 
considered below, and whose viscosity is that of 
water, as it is a case of the current rising against 
the grain which is trying to sink through it, rather 
than that of the grain falling fredy through a 
quiet liquid. 

Experiments carried out especiaUy for this 
paper give data as shown on Plate VI. If a column 
of teetering grains of galena is maintained so that 
each grain seems to be supported freely by the cur¬ 
rent, and not at all resting on any grains below it, 
we have a state which is here called full teeter. 
For grains below 0.6 mm. diameter the specific 
gravity of such teetering columns, which is sym¬ 
bolized as L, varies directly from 2 to 8.5 as the 
diameter of the grain increases. Therefore 
L = 2 -f- 2.5 D. For teetering columns of grains 
larger than 0.6 mm. the specific gravity, under 
these conditions, is 3.5. The increase in specific 
gravity of the teetering column due to the galena 
thus varies from 1 to 2.5. 

For purposes of hindered-settling it does not 
seem necessary to keep the grains so actively teet¬ 
ering. If they can be kept at just enough of a 
teeter so that any large grain can readily find its 
way through the column we have that state of 
highest efficiency of the teetering column, for then 
it has the highest possible specific gravity, and yet 
is capable of doing its work, which is, in part, to 
allow all grains of a higher hindered-settling ve¬ 
locity than those of which it is composed, to pass 
through. This condition is called, just teeter. For 
lack of time this state was not thoroughly tried out. 
Further experiment may show that a still higher 
specific gravity may be maintained in the teetering 
column, without destroying its efficiency. The con¬ 
dition of just teeter seems to have a specific grav¬ 
ity varying from 3 to 4 as the grains vary from 
0 to 0.70 mm., in L = 8 -f- 1.43 D. For larger 
grains the specific gravity remains at 4. 

The effect of the increase in the specific gravity 
of the teetering column, due to the galena in it, is 
diminished by the fact that the velocity of these 
grains is less than their theoretical vdocity. If 
their actual velocity is only a half of their theoret¬ 
ical, the increased specific ^avity due to their 
presence will be only half available. 

Let us imagine a tube containing granulated 
iron suspended in water. If it were possible, 
imagine a magnet held above this column at just 
such a position that the grains have no tendency 
to sink. In this case would the presence of the iron 
in the water have any power to force a grain of 
quartz, for example, up? Certainly not. Any non¬ 
magnetic substance which could si^ in water could 
sink with the iron present. If, however, the mag¬ 
net were removed, and a current of water pass^ 
up through the tube, just sufficient to keep the iron 
in suspension, it would be found that grains of 
quartz which might be able to sink through this 
current of water were the iron not present are now 


Equations for Hindered 
Settling 

The general equation 
for the free-settling ve¬ 
locity of any mineral 
has been found. For 
hindered - settling the 
ony difference is that 
the specific gravity of 
the liquid, through 
which the grains are to 
fall, has been increased. 
Instead of its being 
unity it has become Lj, 
which varies with the 
size of the grains form¬ 
ing the teetering col- 


unable to penetrate this bed of teetering grains, 
and if they should get into it, it would be forced 
up again. 

In the case of galena, or any other mineral, 
there is an action similar to that of the imaginary 
ma^et, which keeps the grains from sinking as 
rapidly as we might expect. This action is the com¬ 
bination of all the forces described above as ad¬ 
hesion, cohesion, internal friction, etc. The power 
of the grain of galena to force up the larger grain 
of quartz is measured by its ability to sink. Thus 
the increase in the specific gravity of the teetering 
column due to the pres¬ 
ence of teetering grains f 

is not wholly available - 1^^ 

for keeping other grains . 

from settling. The 

available increase of 

specific gravity is pro- 

portional to the avail- 

able velocity of grains 

forming the teetering 

column. By the avail- •.•.•.•'vll'.: . 

able velocity of a grain 

is meant the actual ve- 

locity in contrast to the r - - 

theoretical velocity. On 

Plate V is shown what 

per cent, the available 

velocities of quartz and 

galena grains are to 

their theoretical veloci- 

ties. It is seen that the 

actual velocities range 

from practically noth- 

ing for the smaller 

grains to 83 per cent. 

for the largest galena 

grains plotted there. 

If these i)ercentages 
be applied to the equa- 
tions for the specific 
gravity of teetering col- 
umns as plotted on 
Plate VI, we get the 
other curves which 
show the effective spe- 
cific ^vities of these 
teetering columns un- 
der the conditions of 
full teeter and just 
teeter. 










Fig. 1. Condition In 
Hindered Settling. 
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umn, and with the condition of teeter used, as 
potted on Plate VI. Thus we may write the gen¬ 
eral hindered-settling equation: 


sents the proportion of the mixture occupied by 
water P -(- Pw; = 1, or Pa» = 1 — P. 


V= / 


/WTG —L,)8g 


V D'G 3.1416 


^ /W(G —L,)8g 

(0.1116 /-^D-f21.1) 

V D*G 3.1416 

or calling the term 


Application to Classification 

To figure the ratio of the size of the constric¬ 
tion to that of the tube containing the titering 
column so that the velocity of water in both cases 
would be the same, let us call A the area of cross- 
section of the tube containing the teetering column 

C 

and C that of the constriction. Then — = P«;. 

A 


/W(G —L,)8g 

/-^D, a; 

V D"G 3.1416 


/W (G —L,) 

V = 158 /-(0.1116a + 21.1). 

V D*G 

For quartz, where W = 1.16D», the equation be¬ 
comes : 

V = 104 V (G —L‘) Dy— (0.1116a -f 21.1), 
a being 104 V G — Lj. 

Consider the case of quartz and galena. For 
any value of V we find the corresponding size of 
the galena grain having that free-settling velocity, 
or vice versa. Thus where quartz is the lighter 
mineral the equation for hindered-settling becomes: 

V = 104 V (G —L>)~I57— (0.1116 X 
104 V“G —L, -f 21.1). 

From the size of the galena grain and the condition 
of teetering we wish to consider, we find the cor¬ 
responding value of L, from Plate VI. All the 
terms of the above equation are now known except 
p^. By solving the equation we get D? correspond¬ 
ing to V and Dy, from which we can plot the hin¬ 
dered-settling velocities of quartz and galena cor¬ 
responding to the conditions of teeter, as done in 
Plate VII. 

In finding the specific gravity of a mixture of 
water and a mineral we can use the formula 
“ ~ (p— 1) F + where P is the proportion of 
the mixture occupied by the mineral. In the case 
of galena this becomes L = 6.6 P + 1. For the 
condition of full teeter we have found that for 
grains under 0.6 mm. L = 2 + 2.5D, therefore 

„ 1 + 2.5 D 

2 + 2.6 D = 6.6 P -f- 1: P --. Likewise 

6.6 

for the condition of just teeter in the case of grains 



Figr. 2. Galena and Quarts Grains Showing Still Water. 

Here again we find that the practical and the 
theoretical conditions do not match, so we must 
consider the working conditions. Fig. 2 represents 
a vertical section of a teetering column. The 
galena grains are represented in solid black. The 
areas cross-hatched represent water which is prac- 
ticaUy still. The unshaded spaces between the 
grains represent the portion of the water which is 
moving. For experiments it is found that in the 
case of full teeter, about half of the water has the 
effect of being still. For larger grains it is slightly 
more than half and for smaller ones less, but for 
practical purposes we may consider half of the 
water as moving and half as still for all size grains. 
Under this consideration our formula becomes 


C P«; 1 — P 6.6 — 1 — 2.6 D 


A 2 2 13 


5.6 —2.6 D 

-- 0.423 — 0.192 D, 

13 


where the teetering galena grains are below 0.6 
mm. Where they are above that 


2.6 C 1 —P 

L = 3.5; P =-; — =- 

6.6 A 2 


2 + 1.43 D 

under 0.7 mm. P =-. if repre- 

6.6 


6.6 — 2.5 

-= 0.308. 

6.6X2 
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In the case of just teeter the active water is more 
nearly a third of all the water and the ratio works 
out 

C 1 —P 6.6 —2 —1.48D 


A 8 6.5 X3 

4.6 —1.48 D 

= --= 0.281 — 0.078D. 

19.6 

Hindered Settling Classifying 

From the equations for the ratio of size of con¬ 
striction to that of teetering column it is seen that 
to maintain a given condition, such as full teeter, 
the api)aratus us^ for every size grain must be 
different. The smaller the grain the smaller must 
be the ratio C to A, in the apparatus. If a tube, as 
in Fig. 1, is used and the current cut off by degr^ 
we will have grains of galena and quartz coming 
down together which have the same hindered-set- 
tling ratios, but each time the condition of teeter 
will be different. If the ratio of size of constriction 
to teetering column is such that the larger grains 
are in a state of full teeter when the current is just 
enough so they cannot fall through the constriction, 
then by the time the smaller ^ains be^n to come 
down a state of less teeter is maintained. The 
grains are not at full teeter, thus the specific grav¬ 
ity of the column is increased above what it would 
be if they were, and we are approaching the state 
of just teeter. Experiments carried out with such 
an apparatus have thus been known to give, within 
narrow limits, a higher hindered-settling ratio for 
the smaller grains than for the larger ones. 

It may be difficult to change the ratio, of size of 
constriction to size of teetering column as the size 
of grains changes, so an apparatus designed on the 
principle of Professor Richards’ hindered-settling 
classifier may be of interest as it can be made to 
regulate this difficulty automatically. As shown in 
Fig. 8, there are a series of tubes through which 
a diminishing series of currents are rising. The 
currents are so regulated that the first tube will 
maintain a bed of galena of a desired size. The 
other tubes maintain beds of galena of decreasing 
size. In this way each tube is made of such a size, 
in proportion to that of the constriction, that the 
desired condition of teetering is maintained. 

Suppose we are treating a product of galena and 
quartz below 2 mm. diameter, and decide to main¬ 
tain the condition of full teeter, (this condition is 
higher than desirable in practice). We wish to get 
only galena in the first product. From Plate '^I 
we see that if we use a current of 96 mm. per sec. 
in the constriction we will maintain a column of 
galena 0.22 mm. diameter and that the quartz 
which has an equal settling velocity with this is 9.6 
times as large, i. e., is 2.11 mm. diameter. The 
ratio of cross-section of constriction to the upper 
tube is 0.428 — 0.192 X 0.22 = 0.881, and the ra¬ 
tio of their diameter is V 0.881 = 0.617. 

In the second tube we wish to catch all quartz 
above 1.6 mm., for example. If we use a current 
in the constriction of 84 mm. per sec. we see from 
Plate Vn that a column of galena 0.19 mm. in 
diameter will be maintained and quartz 8.4 times 
as large, or 1.60 mm. will have an equal settling 
velocity. Thus we will catch here quartz between 


1.60 and 2 mm. and galena between 0.19 and 0.22 
mm. The ratio of area of constriction to that of 
the upper tube is again figured to be 0.428 — 0.192 
X 0.19 = 0.887 and the ratio of their diametera 

’/o387 = 0.628. 

The same method of calculation can be applied to 
each tube. 

In practice it may be well to have velocities 
slightly above those ^culated, and the ratio C to 
A slightly larger because of the imperfect action of 
the teetering grains. By reason of their odd shapes 
they are constantly bobbing up and down. Unless 
this precaution is taken a grain at the bottom of 
the teetering column which, because of this bob¬ 
bing effect, is moving down, is met by a rising cur¬ 
rent only sufficient to support it. The downward 
momentum of the ^ain may be enough to carry it 
through the constriction and it will be found that 
the size of the grains finally left in the teetering 
column is slightly below what we calculated on. 
The longer the constriction the less will this effect 
enter in. 



Fig. 3. Apparatus for Hindered Settling Classifying. 


The object in hindered-settling is to effect a 
higher ratio in the sizes of the grains of the heav¬ 
ier and the lighter minerals than can be done by 
simple free-settling. This is accomplished by 
establishing a teetering column of the heavier min¬ 
eral, which acts toward the lighter mineral as 
though it were a liquid of greater specific gravity 
than water, and at the same time allows the heav¬ 
ier mineral to act under free-settling conditions. 

The efficiency of the system depends on how 
high an effective specific gravity can be maintained 
in the teetering column. This can be done by keep¬ 
ing as low a state of teeter as the efficient working 
of the apparatus will stand; and then by bringing 
the effective specific gravity of the column up as 
near as possible to the actual. This latter state can 
be helped by using for the teetering grains those 
approaching spheres; for spheres, having the same 
cross-section for all positions, can be made to teeter 
quietly, thus keeping the teetering column of even 
texture. Odd shaped grains, having widely differ¬ 
ent cross-sections, depending on the position they 
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are in, will be either rising or sinking all the time. 
This constant movement of the grain spoils the 
effect of the column. It can be largely overcome, 
however, by lengthening the column. In a system 
as shown in Fig. 3, this difficulty soon remedies 
itself, for the more spherical grains will by de¬ 
grees take the place of the odd-shaped ones, and in 
time the teetering column will be composed of all 
the most spherical grains of the size which just 
cannot sink in the constriction. 

Where galena is to be separated in practice 
from a gangue it would ^eatly increase the ef¬ 
ficiency of a hindered-settling classifier if columns 
of granulated lead were first established by run¬ 
ning a lot of it through the system. In this way 
the specific gravity of the teetering column would 
be increased, and the spheres of lead could be de¬ 
pended on to teeter much more uniformly than the 
odd-shaped grains of galena which might happen 
to form the columns. 

In the case of the finest grains the effective 
specific gravity of the columns can be increased 
by increasing the actual, as related to the theoret¬ 


ical, velocities of the grains. This can be done 
by using water charged with a salt, such as soda- 
alum, which, by breaking down the cohesion of the 
water, will allow these small grains to have a higher 
settling velocity. 

Before a hindered-settling classifier, or other 
such apparatus, can be relied upon to give best re¬ 
sults a thorough understanding of the laws of hin¬ 
dered-settling must be had and applied to the ap¬ 
paratus. Once this is done the hindered-settling 
apparatus is destined to supersede, in certain 
classes of work, the free-settling one; especially 
where fine results are desired, or minerals of nearly 
the same specific gravity are to be separated. 

By following the procedure given above for 
galena and quartz, a typical ore and gangue, simi¬ 
lar results can be work^ out for any minerals; the 
only data required being an equation for the weight 
of the grains of the minerals in question in respect 
to their diameters. As yet not enough experimen¬ 
tal work has been carried out to warrant any claiM 
as to the ultimate accuracy of all the equations. 


MILL DATA 


Circulating Feed 


Recovery and Ratio of Concentration 


To find total tonnage in a crushing element of a 
mill, when part of the load is return^ from classi¬ 
fier or sizing screen, back to the beginning: 

lOOT 

Q =- 

100-P 

Where 

T = Initial Tonnage per day, feed and 
discharge from element. 

P = % of oversize returned. 

Q=Total Tonange per day through the 
element. 


Example: 


T = 100 tons, P = 76% Q 


= 400 tons. 


100 X 100 
100-76 


—General Engineerings Co. 


Knowing the assay value of the Heads, Tails 
and concentrates. 

C-T 100 C 100 C X (H-T) 
R = ——, E = , E = ' — 

H-T HR HX(C-T) 

Where 

H = heads assay, T = tailing assay, C = 
Concentrates assay, 

R = ratio of concentration (tons in one,) 
E = recovery in %. 

Example: 

Heads, 2.4% Pb; Tails, 0.96% Pb; 

Concentrates, 11.96% Pb. 
11.9-0.96 10.96 

R -=-= 7.66, Ratio of 

2.4 - 0.96 1.46 Concentration. 

11.9X100 11.90 

E -=-= 66.6%, 

2.4X7.66 18.16 Recovery. 

—General Ehifflneerinr Co. 


LAUNDER DATA, CANANEA 
CONSOLIDATED' 


In the accompanying table is given information 
concerning the launder system installed at the con¬ 
centrating plant of the Cananea Consolidated Cop¬ 
per Co., Cananea, Sonora, Mexico. This should 
prove useful as a guide to those having to install 
launders where it is impossible to make preliminary 
tests. In order that comparison may be made the 
character of the ore handled is also given. 


•Eng. and Min. Journal. 


The country rock in which the copper ores 
are found is principally diorite. The remainder of 
the ore is obtained from deposits in limestone, 
quartzite and quartz porphyry. The principal 
minerals in the concentrating ore are pyrite, chal- 
copyrite, bomite, chalcocite, native copper, garnet, 
sphalerite, galena and oxides and carbonates of 
copper. 
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IiAUlTDBS DATA, CAITAVBA OONBOZiZDATBD COPPED CO. 


lUterial Handled 

Size of Launder 
Inches 

Depth Width 

Grade 

In. per ft. 

Lining 

Ratio 

Solids: 

Liquids 

Largest 

Particle 

mm 

%wt. 

on 00 
Mesh 

Original feed to Section 'C".. 

10 zl2 

3% 

C.I.—11%" 

1:1 

30.0 

82.0 

Bull jig taUs, to coarse rolls. 

... 10 X 9^ 

3 

C.I.— 9%" 

1:1.1 

28.0 

98.0 

Roll jig tails, to fine rolls. 

10 z 7H 

2% 

C.I.— 7%" 

1-.3 

10.0 

98.0 

Coarse jig concentrates . 

... 10 z 7% 

I ^ 

C.I.— 7%" 

1:2.9 

35.0 

96.0* 

Und^rsixe 2 mm. trommel to classifier. 

... 10 z 6^ 

1 ^ 

C.I.— 5%" 

1:4.4 

4.0 

62.0* 

1st spigot of classifier to sand jig. 

8 z 5% 

3Vh 

C.I.— 5%" 

1:1.6 

4.0 

90.0 

Shaking laundiTf for sand jig concentrates. 

... 9^X12 


None—comers 

1:19.0 

4.0 

84.0 

Fine jig concentrates from shaking launder. 

10 z 7V6 


C.I.— 7%" 

1:6.0 

4.0 

80.0 

Bnan (Chile) mill discharge to drag belt. 

8%zllV4 


None—comers 

1:1.7 

2.5 

26.0 

Drag b?lt sands to classifier distributor... 

... 10 X 7^ 

1% 

C.I.— 7%" 

1:0.9 

2.5 

46.0 

No. 1 spigot of classifier to mud jigs... 

8 z 5^ 

1% 

C.I.— 6%" 

1:17.0 

3.0 

60.0 

Table feed, Ubles 27 to 30. 

7%z 5Ms 

% 

None—comers 

1:8.4 

1.0 

0.8 

Table concentrates, drag belt launder^. 

9%z 9V4 

% 

1%" boards 

1:26.0 

1.0 

18.6 

Table concentrates, shaking launder §. 

4 z 7V4 

A 

None—comers 

1:7.4 

0.5 

86.2 

Slim.s, section "C", settling tanks to Section **8" vsnnert. 

6%z 9% 

fk 

None 

1:96.0 

0.17 

0.0 

Slime feed to ranners. Section "C". 

9%zll% 

la 

Nods 

1:4.7 

0.17 

0.6 

Vanner concentrates, drag belt launder ||. 

... 10x25x16 

Level 

None 

1:31.0 

0.2 

1.0 

Vanner and table concentrates. 

6Hz 6 

1U 

None 

1:20.0 

2.0 

27.2 

Vanner tails. Section "C". 

9HZ11H 


None—comers 

1:7.0 

0.4 

0.4 

Coarse tails, table and jig. 

9V4X22 

la 

% " boards k comers** 

1:27.0 

2.0 

41.6* 

Coarse sand tailings to dam No. 2. 

... 12%zllH 


% " boards k comers** 

1:21.0 

2.0 

19.6* 

Coarse sand tailinp to dam No. 1. 

12 zll 

A 

boards A comers** 

1:21.0 

2.0 

19.6« 

Slimes to mill No. 4. 

9^x12V4 


None—comers 

1:4.4 

0.1 

0.0 

Sands and slimes to mill No. 3. 

10 zllH 
... 6 z 7^ 


None—comers 

1:6.0 

1.6 

2.6 

Feed to Tanners, mill .No. 4. 


None 

1:4.4 

0.1 

0.0 

Slime concentrates, mill No. 4, drag belt launder.. 

12x24x18 

Lerel 

Nonet 


0.1 

0.2 

Sllroe concentrates, mill Na 4, elcTator to bins.. 

7 z 7H 

% 

GAass—comentt 

1:20.0 

0.1 

0.4 

Slime concentrates, mill No. 3. elefaUu’ to bios. 

10 Zl2 


Oonerets 

1:8.7 

0.2 

2.8 

Slime taila. mill No. 4, to mill No. 3 settling tanks. 

... 10 zll 

jt 

None—comers 

1:6.8 

0.1 

0.0 


All cast-iron liners have 2-in. effective depth and 24-in. lenerth, with corners rounded. 

^Liable to choke. tSpeed 160 r.p.m., actuated by heavy head motion. "Corners" are strips of wood with cross-section 
of 45* triang^le nailed in corners of launder. tSpeed 75 ft. per min.; old 4-in. drive belts are used, no scrapers. fSpeed 
180 r.p.m. ^Effective width 6 in. IlSpeed 75 ft. per min. ••Boards laid with errain across direction of flow. tfCHass 
liners, %x4xl4 in. 


The accompanying anaysis of crude ore repre¬ 
sent the typical sliming and nonsliming ores. Al¬ 
though so different in physical characteristics as 

ANAL.TSBS OF CRUDE! ORB AND TAIDINO AT CANANBA 
CONSOLIDATED CONCENTRATOR 

Copper Sfllea Alnmlna Iras Lint SolplMir 


crude ore: %%%%%% 

Maxlmiiai tUnei, rock 

deeompoeed . 2.42 01.0 14.8 10.8 1.2 10.6 

Mlnlmiiin ilimes, rock 

hard. 1.60 67.0 12.7 6.2 1.0 6.6 

CSoBeentriUoii UOtng: 

Coane taila, to No. 2 

daa . 0.72 67.0 17.6 1.8 1.2 1.4 

8Ub» to No. 4 mlU.... 1.02 76.6 11.3 2.2 1.0 4.0 


regards slime-forming qualities, their chemical 
composition is remarkably similar. 

The concentrates assay approximately 6.86% 
Cu, 18.6% insoluble, 31.5% iron, 36.2% sulphur. 
The composition of the tailing after concentration 
is shown in one of the accompanying tables. The 
specific gravity of the pyrite is 4.84 and of the 
chalcopyrite, 4.17. The coarse sands have a spe¬ 
cific gravity of 2.7 and the fine slimes, 2.8. Thanks 
are due to F. J. Strachan, superintendent of the 
plant, for permission to publish the above data. 


GRADE OF DISCHARGE PIPES' 


Little authentic data is published respecting the 
grade of launders, or pipes, since the introduction 
of coarse-crushed material as tube-mill feed. In the 
example in the accompanjdng illustration, the 
product from a screen with 9 holes per sq. in., 
quartz in schist, was as follows: 

Mesh +20 +40 +80 +100 —100 

% 35.5 17.0 12.1 5.4 30 


curable and has the advantage of being capable of 
being turned twice through 120°, affording three 
surfaces to abrasion. It is important that the pipe 
be proportioned to the volume of the pulp, neither 
too large nor too small. A launder has the ap¬ 
proved section, but necessitates additional grade, a 
most essential consideration at times. 


This sizing shows roughly one- 
third each of coarse, middling and 
fine product. The water ratio in 
this instance was 6 to 1. The 
denser the pulp, the more readily is 
the coarse product kept in suspen¬ 
sion, and in consequence the pulp 
flows more freely and requires less 
grade. 

An ideal section for a coarse- 
pulp conveying pipe would be an 
oblong or flattened section, afford¬ 
ing the rolling action of the coarse 
particles increased surface. A 
round ppe, however, is readily pro- 

•En^. and Min. Journal. 



Grade for Pulp Flow. 
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CONCENTRATION CALCULATIONS. 


The sketch shows, by repeated trial, the mini¬ 
mum grade of pipe that will successfully con¬ 
vey coarse ore particles. The specific gravity of 
the ore is 2.8 and the pulp half fiUs the pipe at the 
entrance. 

It is important to maintain the pipe on a uni¬ 
form grade, and to guard against obstructions on 
the lower inside surface, such as a projecting gas¬ 
ket or coarse extraneous material. 

A rod, % in. in diameter, connected by links, 
inserted into the pipe, assists, by occasional work¬ 
ing, in keeping the pipe clear of obstructions. 

The sampling box is a commendable feature of 
this pipe arrangement, though it sacrifices some 
inches of elevation. Ilie smaller 4-in. pipe works 
with a 5% grade. It is suggested, therefore, that 
for the conveying of coarse ore particles from the 
mortar, a gradient of not less than 10% be allowed, 
measured from the mortar lip to the classifier, with 
2 ft. additional for contingencies. 


Slc^e of Launders 

The accompanying table, containing data con¬ 
cerning the fall of launders for different classes of 
material, is taken from a description of the mill at 
the Lucky Tiger mine, El *rigre, Sonora, Mex., by 
D. L. H. Forbes (Bull., A. I. M. E., August, 1912.) 
Anyone who has been called upon to design a laun¬ 


der system will appreciate the practical value of 
this sort of information. 



CONCENTRATION CALCULATIONS 


It frequently happens that some idea is desired 
as to what recovery is being secured in tests or in 
milling operations when it is not possible to get the 
weights of the products. The following formulas 
are believed to be absolutely sound in theory, but 
it should never for a minute be lost sight of that 
they are founded on the following assumptions: 

(1) That the samples taken represent, without 
any error whatever, the average of the material. 

(2) That the assays of the samples are abso¬ 
lutely correct. 

Ratio of Concentration and Recovery 

Having granted the two above assumptions, we 
can combine and transform certain symbols and 
get expressions for percentage of recovery and 
ratio of concentration which contain only the 
known quantities, to wit: Assay of ore, assay of 
tailings, and assay of concentrates. 

Let H = weight of ore in tons 

C = weight of concentrates in tons 
T = weight of tailing in tons 
h = assay of ore 
c = assay of concentrates 
t = assay of tailings 
R = ratio of concentration. 

H c-t 

Then R = — - (for assays alone) 

C h-t 

C X c c(h-t) 

Recovery ----(for assays alone) 

Hxh h(c-t) 
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100 c (h-t) 

Per cent. Recovery =- 

h(o-t) 

It cannot be urged too strongly that the above 
formulas must be used with caution. When actual 
milling operations are being carried on and the 
weights of ore and concentrates are taken daily, 
and where there are smelter returns to be used as 
a check, these formulas are useful as a check on 
samplers and assayers. 

In small tests where careful hand samples are 
taken by several persons at different points in the 
concentrating scheme, and taken in different ways, 
I have acquired sufficient confidence in the formulas 
to use them as guides in planning work; but ulti¬ 
mately all the results must be checked by actual 
weights of products. If the samples are ti^en and 
assayed with care, the recovery by weights in nearly 
all cases has checked with the theoretical recovery 
as deduced by the formulas. 

Errors Which May Affect Results 

An investigation of the effect of certain errors 
is instructive. Assume first a fixed error in sam¬ 
pling and assaying which we shall call n per cent, 
too high. Then, by the formulas, per cent, of re¬ 
covery = 

”(c-fnc) (h-fnh — t-j-nt)~ 

100 - 

(h-|-nh) (c-fnc — t-j-nt) 
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or 


100 


c(l+n) [h(l+n) — t(l+n)] 
h(l+n) [c(l+n) — t(l+n)] 


But l-|-n cancels out, and it is evident that a con¬ 
stant error does not affect the result. This, how¬ 
ever, is a condition of affairs that rarely holds in 
actual practice. 

More often the condition will be somewhat as 
follows, though not often would the errors be so 
large: 

(1) Sample A taken by trier out of trucks; 
error of, say, 1 per cent, too high. 

(2) Sample B taken by tip sampler at flume at 
end of mill; error of, say, 2 per cent, too low. 

(3) Sample C taken by trier out of trucks from 
concentrates bin; error of, say, 2 per cent, too high. 

(4) Assays of A, B and C made volumetrically 
by a man who does not reach the end point of his 
titration by say 0.1 cc. This error, for convenience, 
we sh^ say is 3 per cent, too low on ore, 10 per 
cent, too low on tailings, and 1 per cent, too low on 
concentrates. 

Applying these erroneous values in our formula, 
we have the percentage of recovery as follows: 


Recovery =' 100 


(' 


2c 

100 


(c + 

2c 

C 

100 

100 


h 

100 

3h 

100 

3h 

2t 

lOt 

100 

100 

100, 

c 

2t 

lot 

100 

100 

100, 


X 


Simplifying, we have 


Recovery = 100 


88 

c (h-1) 

98 


88 

h (c-1) 

101 


Now, if the true values are: Ore, 3 per cent.; 
tailings, 1 per cent.; and concentrates, 12 per cent., 
the real theoretical recovery would be 72.7 per 
cent., but the erroneous assay values secured in the 
above sample the theoretical recovery seems to be 
76.3 per cent. 

As large errors were assumed in sampling and 
assaying, much larger, in fact, than any engineer 
would be inclined to admit possible in his case, what 
shall we say of those cases where the discrepancy 
in actual operations between the theoretical recov¬ 
ery and actual recovery is much greater than the 
difference between 72.7 per cent, and 76.3 per cent, 
and generally in the opposite direction? It is quite 
a common thing for engineers to belittle recoveries 
based on theory, and in order to see just what this 


means let us take another case not more radical in 
its assumptions than many within the knowledge of 
most engineers. 

For this purpose I shall define three terms: 

(1) The real theoretical recovery. By this I 
mean the unattainable figure which would t^e into 
account every atom and molecule; this figure no one 
ever knows, but we try to get at it approximately 
by our samples and analyses. 

(2) The apparent theoretical recovery. This 
is based on applsdng the above formulas to the fig¬ 
ures we have secured by sample and assays as rep¬ 
resenting the value of ore, tailings and concen¬ 
trates. As shown above it takes a large strain on 
our credulity to allow the apparent theoretical re¬ 
covery to exceed the real theoretical recovery by 
2.6 units. 

(3) The actual recovery. This is shown on the 
books of the mine by the assays and weights of the 
products. This amounts in known cases to as much 
as 10 per cent, below the theoretical recovery. 

Having defined the terms we shall assume: Real 
theoretical recovery, 75 per cent.; apparent theo¬ 
retical recovery, 77.5 per cent.; and actual recoveiy, 
67.5 per cent. As we already strained our credulity 
in the interpolation of sampling and assaying er¬ 
rors, we must look elsewhere for an explanation of 
an error of 71/2 units. 

There are probably three chances of error which 
are independent of and do not contribute to the 
vitiation of samples and assays: 

(1) Errors of moisture determination. Mois¬ 
ture determinations can, with proper care, be easily 
and accurately made. The error, which is often a 
large one, comes in the sampling rather than in the 
determination of the moisture in the sample; ores 
of wet clayey mines and wet concentrates will be 
too low. Conversely, if the moisture is reported 
lower than the truth, the recovery as derived from 
the assay and weight of concentrates will be too 
high. A consideration of the various methods of 
taking samples of wet concentrates for moisture 
leads one to believe the commonest error is to re¬ 
port the moisture in concentrates too high, and so 
the actual recovery as calculated on this basis is 
generally too low. 

(2) Errors in weight. There should be little 
error in this regard, but the tare of trucks and 
wagons is often assumed from one weighing and no 
alteration ever made for wet or muddy weather or 
lost parts. In a recent case on a famous mine the 
error in weight due to a dishonest employee was an 
increase of 40 to 50 tons per day reported on the 
weight of the ore, amounting to an error of 20 per 
cent. The most common case of error in weights is 
on the side of giving good measure. 

(3) Losses in handling. These may be, and 
often are, great. Concentrates shipped to Europe 
in bulk may shrink 5 per cent, in weight, or con¬ 
centrates stored in heaps in the open may shrink 
rapidly, due to the wind. These two losses, how¬ 
ever, should be taken into account when one is 
calculating the actual recovery. 

In a mill itself there is a daily accumulation of 
spills which are often hosed or sluiced through the 
floor; millmen are generally careful not to allow 
this material to get into the tailings sampler. 

Having briefly reviewed the possible errors, the 
apparent theoretical recovery and actual recovery 
in the case taken for illustration appear somewhat 
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as follows: Apparent theoretical recovery, 77.5 per 
cent.; actual recovery, 67.5; errors in assaying and 
sampling, 2.5; errors in moisture determination, 
1.5; errors in weight, 2; losses in handling, 4. At¬ 
tention to the details of each of these operations 
will always serve to reduce the gap between the 
theoretical and actual recovery, and it behooves an 
engineer to get the gap closed rather than to take 
the complacent attitude that “the theoretical recov¬ 
ery is always too high.” 

Formulas for Circulating Load, Screen Feed and 
Screening EflBciency 

Let a = Per cent, excess on given mesh in screen 
feed 

b = Per cent, excess on given mesh in screen 
oversize 

c = Tonnage milled = screen product 
d = (100-a) = Per cent, throughs in screen 
feed 

e = (100-b) = Per cent, throughs in screen 
oversize 

X = Tons of screen feed 
• y = Tons of screen oversize 
E = Screen efficiency 
C = Circulating Lo^. 

ac 

Then Circulating Load =- 

b —a 
be 

Screen Feed =- 

b —a 

ea 

Screen Efficiency = 1- 

db 

Formulas for Determining Garfield Table Products, 
When Only Part Known 
Also suitable for any other device where but 
concentrates and tails are made. 

Use same designations as under Ratio of Con¬ 
centration and Recovery. 

Hh —Tt 

Then C =-= weight of concentrates 

c 

or if tailings are not known 

H(h —t) 

C =- 

(c —t) 

And H — C = T = tons of tailings. 

Formulas for Wilfiey Table Middlings and Concen¬ 
trates 

Also suitable for other cases where a concen¬ 
trate, middling and tailing are made. 

Use same designations as in last example. 

Also let M = Weight of middlings in tons, 
m = assay of middlings. 

H(c —h) +T(t —c) 

Then M =- 

(c —m) 

H(h —m)+T(m —t) 

C =- 

(c —m) 

Slime Formulas 

When S = Specific gravity of dry slime. 

X = Specific gravity of slime pulp 
y = Per cent, (by weight) of dry slime 
in pulp. 

62.5 lbs. in 1 cu. ft. of water 
32 cu. ft. water = 1 ton of water. 


weight of pulp 

weight of an equal volume of water 
weight of dry slime in air 
weight in air — weight in water 

xy 

xy — 100 (x — 1) 

Also, 

Per cent, (by weight) of dry slime in pulp = 
100S(x —1) 

x(S —1) 

Per cent, (by weight) of solution in pulp = 
100 (S —x) 

x(S —1) 

Ratio (by weight) of solution to 1 of dry slime 
S —X 


Then, 

X = 

S = 


S(x —1) 


32 

Volume in 1 cu. ft. of one ton pulp =- 

X 

2000 x 


Weight (in lbs.) of 1 cu. ft. of pulp =- 

32 


Weight (in lbs.) of dry slime in 1 cu. ft. of pulp 
62.5 S (x — 1) 


(S—1) 

Volume in cu. ft. of pulp containing 1 ton of dry 
32(S—1) 

slime =- 

S(x —1) 

Weight in tons of dry slime in charge of 1 cu. ft. 
S(x—1) 

of pulp =- 

32 (S — 1) 


Formula for Settling Tank Overfiow and Discharge 

Also adaptable to calculating unknown quan¬ 
tities in a hydraulic classifier, when the water in¬ 
jected contains a known per cent, solids by consid¬ 
ering discharge, as spigot product and hydraulic 
added as a portion of the feed to tank. 

Let a = Tons of tank feed 
b = Per cent, solids in feed 
c = Per cent, solids in the discharge 
d = Per cent, solids in overflow 
X = Tons discharge (total) through spigot 
y = Tons overflow (total) 

a(b —d) 

Then x =-= tons discharged 

(c + d) 

a (c — b) 

y =-= tons overflow. 

(c + d) 


Compiled from T. J. Hoover’s Paper in Eng. and Min* 
Journal, and original notes. 
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ORE DRESSING DATA. 


MISCELLANEOUS ORE-DRESSING 

.DATA 


8PBCIFXC GSAVZTT OF TKB MOKB XBEPOSTAVT MIB- 
BBABS, OOMPXXiBD FmOM DAVAm mVBBABOGT 

VatlTS Blsmsnts 

Sp. Or. 

Graphite . 2.09 to 2.28 


Bvlpliides of tlie Bemi-Motalfl 


Bvlpliides, Bolenldes, Tolliirldos, Arsonides, 
Aatlmonldos of tlio Metals 


Coloradoite; Telluride Mercury 


BvlpAo-Salta 


Oblorldes, Fluorides 


Carbonates 


Siderite; Spathic Iron 


Malachite; Cupric Carbonate; Basic. 3.9 

Azurite; Cupric Carbonate; Basic. 3.77 

Billoates 


. 6.66 

6.72 

. 9.70 

9.83 

.16.6 

19.3 

.10.1 

11.1 

. 8.8 

8.9 

.13.696 


.14. 

19. 

. 7.3 

7.8 

Sp. 

Gr. 

. 4.62 to 4.62 

. 6.4 

6.6 

. 4.7 

4.8 

Sp. 

Gr. 

. 7.4 to 7.6 

. 7.2 

7.36 

. 8.7 

9.02 

. 8.31 

8.46 

. 6.6 

5.8 

. 3.9 

4.1 

. 8.6 


. 8. 

8.2 

. 6.8 

6.66 

. 7.33 

7.67 

. 4.68 

4.64 

. 4.9 

6.4 

. 4.1 

4.8 

. 4.96 

6.10 

. 4.86 

4.9 

. 6.9 

6.2 

. 7.9 

8.8 

. 8.35 


. 9.04 


Sp. 

Gr. 

. 6.3 to 6.86 

. 6.7 

6.9 

. 6.77 

6.86 

. 6.67 

6.64 

. 4.4 

6.1 

. 4.37 

4.49 

. 6. 

6.2 

. 4.8 

4.62 

Sp. 

Gr. 

. 6.48 


. 3.01 to 3.26 

. 2.95 

3. 

Sp. 

Gr. 

. 2.66 to 2.66 

. 2.28 

2.33 

. 1.9 

2.3 

. 6.85 

6.16 

. 6.43 

6.7 

. 3.96 

4.10 

. 4.9 

6.3 

. 6.16 

6.18 

. 6.07 

6.22 

. 4.32 

4.67 

. 6.8 

7.1 

. 4.2 

4.4 

. 2.65 


. 8.6 

4. 

Sp. 

Gr. 

. 2.71 


. 2.8 to 2.9 

. 3. 

3.12 

. 3.83 

3.88 

. 3.45 

3.60 

. 4.30 

4.45 

. 2.93 

2.95 

. 4.27 

4.36 

. 3.68 

8.71 

. 6.46 

6.57 

. 3.9 

4.03 

. 3.77 

3.83 

Sp. 

Gr. 

.. 2.9 to 3.4 

. 2.63 

2.80 

. 8.16 

4.3 

. 3.89 

4.8 

. 3.27 

3.37 

. 2.76 

3. 

. 2.50 

2.65 

. 2.7 

2.8 

. 2.6 

2.63 


Bvlpbates 

Sp. Or. 

Barite; Heavy Spar . 4.3 to 4.6 

Angrleslte; Lead Sulphate. 6.3 6.89 

Crocoite; Lead Chromate . 6.9 6.1 


Tnnffstates 

Wolframite; Wolfram 


Sp. Or. 
7.2 to 7.6 


BOABB OF HABDBBBB (MOSB) 


Agrate . 

Alabaster . 

Alum .I 

Amber . 

Andalusite . 

Anthracite . 

Antimony. 

Apatite . 

Aragonite . 

Arsenic. 

Asphalt . 

Augrite . 

Beryl . 

Bismuth . 

Calamine . 

Calcite . 

Copper• . 

Copperas . 

Copper sulphate... 

Corundum. 

Diamond . 

Dolomite . 

Emery . 

Feldspar . 

Fluorite . 

Gold . 

Granite . 

Graphite . 


7.0 1 

C^psum ./ 

Heavy spar. 

1.7 

2.0-2.6 

Hornblende . 

2.0-2.6 

Iridium . 

7.6 

Jasper . 

2.2 

Kaolin . 

3.3 

Lead . 

5.0 

Meerschaum .... 

3.5 

Mica . 

8.5 

Nickel . 

1.0-2.0 

Onyx . 

6.0 

Opal . 

7.8 

Palladium . 

2.5 

Platinum . 

5.0 

Quartz . 

3.0 

Ruby . 

2.6-3.0 

Saltpeter . 

2.0 

Sapphire . 

2.5 

Serpentine . 

9.0 

Silver . 

10.0 

Spinel . 

8.6-4.0 

Stlbnlte . 

9.0 

Sulphur . 

6.0 

Talc . 

4.0 

Topaz . 

2.5-8.0 

Tin . 

7.0 

0.6-1.0 

Zinc . 


WBXGKT OF MOCK AJTD BAUD* 


Sulphide ore in place. 

Sulphide ore broken . 

Oxidized ore In place. 

Oxidized ore broicen . 

Quartz in place (sp. gr. 2.64). 

Quartz broken . 

Earth in bank. 

Ekirth, dry and loose. 

Clay . 

Loose sand . 

Mill Tallinn (sp. gr, 2.7). 

Sand collected under water. 

Transferred sand (before leaching). 
Leached sand (after leaching). 


Cu. Ft. 
per Ton 

Weight in 
Lbs. per 
Cu. Ft. 

11 to 13 

164 to 182 

15 to 18 

111 to 133 

14 to 18 

111 to 148 

22 to 24 

81 to 91 

12.0 

166.0 

21.0 

94.0 

18.0 

111.0 

27.0 

74.0 

17.0 

118.0 

26.0 

80.0 

21.6 

93.0 

26.0 

77.0 

24.0 

83.3 


•Richards Ore Dressing;. 


MZBOBBBAVBOmi FZOIJUB OH TKB WBXGKT OF 
BKOKBK OKB* 


Material 

Cu. Ft. 
per Ton 

Weight 
in Lba 
per 

Cu. Ft 

Mine ore coming to Mill, North Star Mining 

Company, California . 

Tailings of Mill, Calumet & Hecla Mining 

Company. Michigan . 

“Blue ground’* (altered perldotlte) as it 
comes from Kimberly Mines. 

20.0 

100.0 

20.0 

100.0 

20.0 

100.0 

Broken quartz as it comes from the Jumpers’ 
Deep Mine, South A. 

20.8 

96.0 

Material from gravity stamps. 

23.0 

87.0 

Broken quartz conglomerate as it comes 
from Ferreira Mine .. 

21.1 

95.0 

Material from gravity stamps, with the 
slimes removed . 

26.0 

77.0 

Quartz stamped dry through 40 mesh and 
charged dry into vats at the Victoria Mill, 
Hauraki Peninsula, New Zealand. 

26.6 

76.0 


•Richards Ore Dressing;. 
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WATBB 

The amount of water required per ton of ore treated will 
averaire about 700 gallons, inclusive of the. water used for 
steam power. In poorly constructed mills this often runs up 
to 1,000 or 2,000 irallons per ton treated. If settling tanks are 
provided, and the water Is allowed to settle, and then pumped 
back and used over, this amount per ton can be reduced to 200 
grallons, or with a loss of 25%. 

Elach boiler requires from 6 to 7% gallons per horse power 
per hour. 

Elach stamp requires from 60 to 80 gallons per hour. 

Each 4-foot Chile Mill requires 800 to 750 gallons per hour. 
Each 5-foot Chile Mill requires from 400 to 1,000 gallons 
per hour. 

Elach 6-foot Pan requires from 100 to 140 gallons per hour. 
Elach 8-foot Settler requires from 60 to 100 gallons per hour. 
Elach 6-foot Johnston Concentrator requires from 200 to 300 
gallons per hour. 

Btamps and PulTorisers 

For each 800 to 1,000 lb. stamps from 3 to 6 gallons per 
minute per stamp. On medium hard ores with 1,000 lb. stamps 
crushing to 20 mesh, 5 tons per stamp with 8.5 to 4 gallons 
per minute is good work. This equals a pulp of from 4-6 
to 1. Chilian and Huntington mills on similar ore will require 
a total of 5-6 tons of water per ton of ore passing the screens. 
Jigs 

For each 18x36 in. compartment of Hars Jigs treating: 

IH to 2^ mm. particles. 2 to 4 gals, per min. . 

8^ to 5 mm. particles. 5 to 7 gals, per min. 

7 to 10 mm. particles. 8 to 14 gals, per min. 

15 to 20 mm. particles.21 to 28 gals, per min. 

This is in addition to the water in the feed which can be 
assumed to be not less than 1:1 water and ore. 

BoTOlvlng Scroens (Spray Water) 

Each 36x72 screen will require: 

1V4 to 3% mm. holes.15 to 25 gals, per min. 

3V4 to 7 mm. holes.10 to 16 gals, per min. 

7 to 15 mm. holes. 5 to 8 gals, per min. 

Callow T. B. Screens <24 In. Bnplex) 

Water In pulp 3V4 to 4 tons water per ton dry feed. 
Undersize spray 6 to 10 gals, per min. 

Oversize spray 8 to 12 gals, per min. 

Wlliley Tables 

5 to 10 gals, per min. 

Slz-Foot Fme Vanners 
1% to 3 gals, per min. 

Kydjntnlio Classifiers 

A very variable quantity. Richards gives from 10 to 60 
tons water per ton pulp or an average of 20 tons for all the 
mills visited by him. 

Total Quantity of Water Beqnired per Ton of Ore Treated in 
Different Binds of Mills 

Stamps and Vanners—20 to 30 mesh—4 to 6 tons. 

Coarse Concentration—Rolls, Jigs and Tables—15 to 20 tons. 
Combination Mills, Stamps, Vanners and Pans—6 to 8 tons. 
Cyanide Mills, Shoveling Tails and Filtering Pressing—0.2 
to 0.35 tons. 

Cyanide Mills, Sluicing Tailings—1.3 to 1.9 tons. 

This is without water for boilers and no pumping back. 
With settling tanks or ponds it is safe figuring to say that 50 
to 60 per cent of the original water (in all but mills shoveling 
tailings) is available for use over again and that with auto¬ 
matically discharging tanks for sands and decantation tanks 
for slimes, 76 to 80 per cent of the gross quantity used can 
be recovered. 

Water Beqnired for Steam Buglnea per Zudloated K F. 

Non-Condensing Engines = 0.05 to 0.066 gals, per min. 
Condensing Engines = 0.04 to 0.05 gals, per min. 

Compound Condensing Engines = 0.025 to 0.4 gals, per min. 

U. S. gals, per min. x 600 = Pounds of steam per hour. 

A “Boiler" Horsepower = 30 lbs. water evaporated per hour. 

= 10 sq. ft. heating surface. ' 

= H SQ* ft. grate area 
= 13 sq. in. nue area. 

= 6 sq. In. smoke stack area. 
General Engineering Bulletin. 

FOWBB BBQVZBBD FOB VABZOU8 MACBUTBS* 

•Approximate only; taken from General Engineering Bul¬ 
letin. 

Crushers—BLAKE—7x10, 8 h.p.; 9x16, 15 h.p.; 10x20, 20 h.p.; 
I.'')x24, 30 h.p. 

DODGE—4x6, 2 h.p.; 7x10, 7 h.p.; 11x16. 16 h.p. 

GATES—D Style No. 1, 10 h.p.; No. 2, 16 h.p.; No. 3, 25 
h.p.; No. 4. 30 h.p.; No. 6. 40 h.p.; No. 6, 60 h.p.; 
No. 7, 125 h.p.; No. 8, 160 h.p. 
zstna —10-stamp, 90 8 in. drops per minute, 750 lb., 16 h.p.; 
850-lb., 17 h.p.; 950-lb., 19 h.p.; 1,000-lb., 20 h.p. 
TUBES—5xl4-ft., 30 h. p.; 6x22-ft., 70 h.p.; 4x20-ft., 
50 h.p. 

CHILIAN—4-ft., 6 h.p.; 6-ft., 12 h.p.; 6-ft., 26 h.p. 
HUNTINGTON—3%-ft.. 4—5 h.p.; 5-ft.. 6—7 h.p.; 6-ft.. 
8—10 h.p. 

Bolls —CORNISH—12x20, 12 h.p.; 14x27, 16 h.p.; 16x36, 

25 h.p. 

Sampls Grinders —No. 1. 3 h.p.; No. 2, 4 h.p. 

Amalgamating Fans —5-ft.. 4 h.p.; 8-ft.. 6 h.p. 

Grlnwig Fans —5-ft., 6 h.p.; 8-ft., 9 h.p. 

Settlers —8-ft., 3 h.p. Agitators —8-ft., 3 h.p. 

Olean-Up Pans —48-in.. 1^ h.p. 

Kendryjc Agitator —5 h.p. 

Bevolvlng Soreens —% h.p. Bevolvlng Dryers —5 h.p. 
Wllfiey Tables —% h.p. Frue Vanners —% h.p. 

Hanoock Jigs —5 h.p. Kars Jigs —(per compt.) 1 h.p. 
Horsepower per Ton of Ore Treated per Day In Different Binds 
of 

Stamps and Vanners —20—40 mesh. 0.75—1.0. 

Coarse Concentration —10—20 mesh. 0.6—0.8. 

Combination Stamp —16—30 mesh, 1.5—1.75. 

Chloridlslng Stamp ^*^'*'*« —dry to 16 mesh, 2—2.5. 
Ohlorldislng Stamp mils —^wet to 40 mesh, 4—4.5. 
KagnettoSeparator mils —0.25—0.5. 

Oys^de —Dry roll crushing to 20—30 mesh, 0.6—0.8. 

Cyanide mils —^Wet stamp crushing and sliming to 80 mesh, 
0.75—1.5 


Cost of Power per K. F. Day 

Steam Power, non-condensing engines, coal at $4.60 = 16— 
18 cents. 

Steam Power, condensing engines, coal at $4.50 = 14—^16 
cents. 

Steam Power, compound-condensing engines, coal at $4.50= 
11—14 cents. 

Bote —For each $1.00 increased cost of coal above $4.50 per 
ton, add to the above figures 1^ cents per BL P. per day for 
non-condensing, 1^ cents for condensing, and 1 cent for com¬ 
pound-condensing engines. 

Electric Power, $40.00—$65.00 per BL P. per annum=11— 
18 cents. 

An empirical figure for cost of steam power In mining 
camps in general is: 25 cents per H. P. per day. 

POWER USED IN BOSTON MONTANA CONCENTRATOR 
Machine R. P. M. H. P. Required 

Hancock Jig . 62 3.41 

Evans Jig . 190 0.50 

Trommel (3x6 ft.) . 0.80 

Overstrom Table . 251 0.864 

WUfiey Table . 261 0.862 

Vanner (4 ft.) .*. 182 0.280 

Power Used In Concentrating mils 

Figures for mills No. 2 and No. 1 of the (^nanea Consoli¬ 
dated Copper Company, Cananea, Mexico. 

No. 2 MILL 

Horsepower 

20 Trommels 4x6 ft, and 4x8 ft. 20 

4 16-ln. Elevators, 46 ft. between pulley centers. 10 

4 Sets 16x36 In. Rolls at 80 R.P.M.. 20 

6 One-Compartment Bull Jigs (4 In use). 8 

16 Two-Compartment Middle Jigs . 16 

16 Three-Compartment Sand Jigs . 16 

2 Dewatering Trommels . 1 

2 Chip Trommels . 1 

10 Shovel wheels with Shafting . 8 

2 Centrifugal Pumps, 1200 gal. per min., 40 ft. lift 60 
8 5-ft. Bryan Mills . 144 


38 Wilfley Tables with Line Shafting. 

36 6-ft. Frue Vanners with Line Shafting. 

2 Centrifugal Pumps . 

6 Shaking Launders . 

2 Middling Elevators . 

2 Pulp Elevators . 

Friction of Engine and Remaining Shafting.. 


Total on Mill Engine. 472 

1400 tons of ore treated per day. 

0.337 H. P. per ton of ore. 


No. 1 MILL 


24 Trommels . 

2 No. 1 Elevators . 

2 No. 2 Elevators . 

2 No. 3 Elevators . 

2 No. 4 Elevators . 

8 Bull Jigs (4 active). 

16 Two-Compartment Jigs . 

8 Three-Compartment Jigs . 

2 Bryan Mills . 

2 No 1 Centrifugal Pumps. 

2 Shaking Launders and 2 Shovel wheels.... 

2 16x36 in. Davis Rolls. 

4 14x27 in. Davis Rolls. 

Shafting and Belts . 

Engine and Jackshaft Friction. 


Horsepower 


Total Engine Load. 817 


42 Wilfiey Tables . 

36 Six-Foot Frue Vanners . . 
2 10x48 in. Sand Pumps.... 
1 No. 2 Centrifugal Pump... 
Friction of Transmission 


Total Motor Driven Load. 65 

Total Power Required in the Mill. 882 

1400 tons of ore treated per day. 

0.273 H. P. required per ton of ore. 

The power required to operate a concentrating mill should be 
calculated from the units which go to make up the mill. It 
is sometimes necessary to roughly estimate the power required 
in advance of the operation of the mill plans. In this case 
figure that a mill of from 60 to 100 tons capacity daily will 
require 1% H. P. to treat each ton; from 100 to 200 tons 
capacity, about one H. P. per ton. 

Richards Ore Dressing. 

POWER REQUIRED FOR DIFFERENT PARTS OP 
GOLD MILLS 

Each 7x 9 Blake Rock Crusher.4 to 6 H. P. 

Each 8x12 Blake Rock Crusher.6 to 7 H. P. 

Each 9x16 Blake Rock Crusher.8 to 10 H.P. 

Each 6x 6 Dodge Rock Crusher.3 to 6 H. P. 

Each 7x 8 Dodge Rock Crusher. 6 to 7 H. P. 

Each 8x12 Dodge Rock Crusher. 7tolOH. P. 

Each 850-lb. stamp dropping 6", 100 times per min_.1.68 H. P. 

Each 1000-lb. stamp dropping O'', 100 times per min. ..1.90 H. P. 

Each 4-foot Bryan Mill .6 to 6 H. P. 

Each 6-foot Bryan Mill .10 to 12 H. P. 

Each 6-foot Johnston Concentrator .about % H. P. 

Each 20" Amalgam Barrel . 1 to 2 H. P. 

Each 24" Amalgam Barrel . 2 to 3 H, P. 

Each 18" Clean-up Pan .H to 94 H. P. 

Elach 24" Clean-up Pan .% to 1 H. P. 

Each 36" Clean-up Pan . Itol^ H.P. 

Each 48" Clean-up Pan . 2 to 3 H. P. 

Each Ore Sampler and Grinder . 2 to 8 H. P. 

Each Belt-Driven Challenge Ore Feeder.% to H H. P. 

Union Iron Works Catalog. 


SECTION XVII 


MINING CATALiOO 


Digitized by ^ooQie 







































































ORE DRESSING DATA, 


CmUBSXVO WXTK TT FB OP BmBAKnS 

Abbreviations.—C. = solid cast-iron frame; Cap. = capacity; Est. = estimated; grriz. = grrlszly; HP. = horsepower; h = 
hours; In. = inches; L = lever pattern; Min. = minute; P = Pitman pattern; p = per; picked = poor residue left after pick¬ 
ing; Rev. = revolutions; S. = sectional bolted frame. 


Breaker No. 

Pattern 

No. used 

Mouth size, 
inches 

Rev. per 
min. 

Feed size 

Crushed to, 
inches 

Actual Cap. 
per 24 hrs. 
per breaker 
tons 

Est. cap. per 

24 hr., tons 

Run 

Repairs per 
year exclu¬ 
sive of 
wearing 
parts 

Est. HP. 

1 


1 

6x8 

450 

Mine ore . 



125 

Dry 



1 

P. C. 

1 

10x13 

360 

Mine ore . 



800 

Wet 

lioo 


1 

L. C. 

1 

6x8 

500 

Mine ore over 1% in. griz. 

1 






1 

P. C. 

1 

10x16 

250 

Mine ore over 2'in. griz. 

2 

50 

160 

Dry 

(c) 

20 

1 

P. C. 

1 


350 

Mine ore . 

1 

80 


Wet 



1 

L.C. 

1 

6x9 

125 

Mine ore . 

% 

37V4-40 

112-120 

Wet 

None 

"4 

1 

Li. C. 

1 

6x9 

400 

Mine ore picked . 

% 






1 

P. C. 

1 

7 X 10 

320 

Mine ore '.. 


95 




* * 

1 

P. C. 

1 

9 X 11 


Mine ore picked . 

ii 





* * 

1 

P. S. 

1 

8 X 10 

800 

Mine ore over 1^ in. griz. 

li 

Fh 

100 

200 

Dry 



1 

P. C. 

1 

7 X 10 

250 

Mine ore .T.. 

y 


40-50 


Wet 



1 

P. C. 

1 

9 X 15 


Mine ore . 

li 


iob 





1 

L. C. 

1 

9x 15 

214 

Mine ore . 

IHKl 


109 

i40 

Wet 

fiss 


1 

L.C. 

10 

9x15 

180 

Mine ore . 

1^ 


90 

125 

Dry 

i 90 

7 

1 

P. C. 

2 

9x15 

250 

Mine ore picked . 

1^ 


80 

150 

Wet 

$ 20 


2 

P. C. 

1 

7 X 12 

250 

Mine ore over 1% in. griz. 

IV 


100 


Dry 


7 

1 

P. C. 

2 

8 X 10 

400 

Mine ore . ~.7, . 

IJ 


850 




(a) 

P. C. 

1 

9 X 15 

340 

Selected shipping ore .. 

2 ; 



Dry 


io 

(b) 

P. C. 

1 

9 X 15 

340 

Mine ore picked, over 1^ in. griz. 





Dry 


25 

1 ' 

P. C. 

1 

7 X 10 

350 

Mine ore picked . .'7. 

li 


200 

230 

Wet 


7 

1 

P. C. 

2 

9x15 

280 

Mine ore over 1% in. griz. 



250 

350 


None 

12 

1 

P. c. 

1 

7 X 11 

224 

Mine ore . 


76 


Wet 

. 


1 

P. c. 

1 

7 X 12 

Mine ore over 1% in. griz. 


60 


Dry 


* * 

1 

P. c. 

1 

9 X 15 

■ 

Mine ore .7 .,. .7 . 






1 

P. c. 

2 

10 X 20 

soo 

Mine ore over 1 in. griz. 

IH 

300 


.... 


* * 

2 

P. c. 

4 

7x10 

300 

(k) On No. 1 trommel 1% in. 




.... 



1 

P. c 

2 

9 X 15 

350 

Mine ore . 

2% 

250 

_ 


Wet 



2 

P. c. 

2 

4 X 10 

250 

(k) On No. 1 trommel 2^ in. 

1 


Wet 



1 

P. c. 

2 

9x15 

275 

Mine ore .7. 

2 


400 

Wet 

None 


2 

P. c. 

4 

7x10 

275 

(k) On No. 1 trommel, 20 mm.... 

1 


100 

Wet 

None 


1 

P. c. 

1 

9x15 

250 

Mine ore . 

2 


400 

Dry 

Small 


2 

P. c. 

1 

7 X 10 

250 

(k) On No. 1 trommel, % in... 

1 


100 

Dry 

Small 


1 

P. c 

11 

24 X 36 

190 

Mine ore over 3^ in. griz. 

12 

480 


Dry 


2 

P s 

11 

17 X 24 

200 

(k) On No. 2 grizzly 8J4 in. 

3V4 


Dry 



1 

P. c 

2 

14 X 22 

84 

Mine ore over 4 in. griz. 

4 



Dry 


* * 

2 

P. c 

2 

13 X 20 

140 

Mine ore over 4 in. griz. 

4 



Dry 

...... 


1 

P o 

3 

18 X 24 

84 

Mass copper rock (m). 

- 6 



Dry 

(e) 

* * 

2 

L. C 

6 

9x15 

129 

From No. 1 breaker.. 

264 



Dry 


3 

P. c. 

3 

13 X 20 

103 

Copper rock (m)... 

8 



Dry 

. 


1 

P. c. 

4 

18 X 24 

132 

Mine ore over 4 in. griz. 

4 



Dry 



1 

L 

3 

8 x 15 

216 

Mine ore over 4 in. griz... 

4 



Dry 

. 


1 

p'.c. 

1 

10x15 

250 

Mine ore . 

IV 

4 

50 

130 

Dry 


'7 

1 

P.C. 

3 

9x15 

200 

Mine ore over 2 in. griz. 

IV 


15 

76 

Wet 


14 

1 

L C 

2 

0jlL4 

200 

Mine ore over 3 in. griz.. 

2 

20 


Dry 



1 

1 P. S.' 

3 

8 x 12 

240 

Mine ore over 1V& in. griz. 

h 

24 

60 

Dry 

mKoam 

ii 

1 

! p c 

1 

9 X 12 

250 

Mine ore over griz. .^...... 

1 % 

15 


Dry 



1 

p! c. 

1 

9x12 

300 

Mine ore over 1% in. griz. 

1 ^ 

116 

200 

Dry 

$80 

■7 

1 

P s 

1 1 

10 X 16 

1 200 

Mine ore over 2 in. griz... 

2 

110 


Dry 



1 

pie. 

3 

9 X 15 

250 

TVfi^e ore ov^^ 1 % in, griz. 

IV 

£ 

48 


Dry 

(r) 

io 

1 

1 

9 X 16 

Mine ore over 2 In griz.. 

1 ? 

? 

100 


Dry 

1 

P* s 

2 

12 X 16 

i96 

MiPA ore over 2 in griz,. 


J 

76 

■■■■■■■■ 

Dry 



1 

. o. 

1 p. g. 

2 

12 X 16 

196 

Mine ore over 2 in, griz.. - - - 


m 

75 


Dry 



1 

PC' 

2 

9 X 15 

260 

Mine ore o''^<'r 1 ^ in, griz. ,. 

IX 

1 

48 


Dry 

(r) 

io 

2 

I p*. c! 

2 

9x15 

200 

(n) On trommel, 1 in. 

■£ 

m 

Under 50 

100 

Wet 

(h) 

12 

1 

1 p. c. 

1 

7x9 

220 

Mine ore ... 

IV 

• 



Wet 



1 ■ 

p. c! 

1 

7 X 10 

220 

Mine ore .. 



76 


« « • • 



(d) 

p! c.* 

1 

8 x 12 

252 

Mine ore -Tr--T--i--T.. 

iV4 



Dry 



v«/ 

1 

P *. c *. 

1 

9 X 15 

250 

Mine ore .... 


i25 


Dry 



1 

P* c* 

1 

7 X 12 



75 


Wet 



1 

P. c *. 

1 

12x84 

270 

Mine ore . 

2 

125 

300 

Dry 

None 

is 

2 

1 p, c. 

1 

12 X 24 

270 

Product of No. 1 breaker.. 

1 

125 

300 

Dry 



3 

P. c. 

2 

9 X 17 

270 

Product of No, 2 breaker.. 

64 

62 

150 

Dry 



1 

1 p. c! 

1 

9 X 15 

1 200 

Mine ore .. 




Dry 



1 

p! c! 

1 

15 X 30 

270 

Mine or^ over 7^ in griz. 

4^ 



Dry 



2 

1 pi ci 

1 

fa) 

276 

(J) . 

64 



Dry 



1 


1 

1 

9x15 


Mine ore . 

i _ 

L± 

80 

200 

Wet 


•• 


(a) For shipping ore. (b) For concentrating ore. (c) Rubber springs, cost $3.50 each, last 2-4 weeks, (d) Sampler, 
le) Twelve days a year, (f) Less than |20 per breaker per year, (g) Very hard ore, so that pitman sometimes breaks, (h) 
Babbitt for bearings. Jaw springs. (J) Product of No. 1 breaker, picked; also stuff through 1%-in. griz., picked, (k) Through 
No. 1 breaker, (m) Over 2%-in. griz. and from fall hammer, (n) Through Comet breaker, 8 In. (p) Babbitt once in 2 years, 
nothing else, (q) This is a Duplex breaker with each mouth 6 x 20 in. (r) Babbitt bearings annually, cost $10. 

Liddell's Chemists* and Metallurgists* Hand Book. 

Dmvszom amd wbxgxtb op stamp battbat pabts 


WEIGHT OF STAMP—LBS. 

850 

900 

960 

1000 

1050 

1 1150 

1250 

Diameter of die. 



8% 1 

9% 1 


i 



Weight of forged steel die, 6 ins. high. 

.Lbs. 

106 1 

106 

112 

112 

112 

112 

112 

Weight of forged steel die, 7 ins. high.. 

.Lbs. 

121 

121 

140 

140 

140 

140 

140 

Dimensions of Shoe; dia. by height of body. 


8V4x8 

8V4x8 

9x8 

9x8 

9x8 

9x9 

9x9 

Weight of forged steel shoe. 

.Lbs. 

150 1 

150 

170 

170 

170 

185 

185 

Dimensions of head; dia. by height. 


8^x18 

8V4xl9% 

9x1764 

9x1764 

9x19 

9x20 

9 x22 

Weight of cast steel head. 

.Lbs. 

232 

247 

252 

252 

270 

286 

360 

Dimensions of stem; dia. by length. 


3x168 

3V4X168 

3%xl68 

364x168 

3V4X168 

364x168 

364x168 

Weight of mild steel stem. 

.Lbs. 

837 

365 

395 

426 

455 

493 

530 

Dimensions of 3-keyed tappet; dia. by height... 


9x12 

9x12 

9x12 

9%xl4 

9%xl4 

9%xl6 


Weight of 8 -keyed tappet, cast steel. 

.Lbs. 

136 

136 

136 

155 

156 

180 

180 

Dimensions of cam; dia. by width of face. 


•x2V4 

•x2V4 

1 •x2V4 

•x2V4 

•x2V4 

1 •x2V4 

•x2V4 

Dimensions of cam, dia. hub by length of hub... 


11x5% 

11x5% 

11x5% 

12x5% 

12 x 6 % 

13x6V4 


Dia. of 10-stamp cam shaft, 14 ft., 6 in. long. 


1 664 

564 

5V4 

664 

1 6 


0 *% 

Wt. of 10-stamp cam shaft, 14 ft, 6 in. long.. 

.Lbs. 

1120 1 

1120 

1170 

1280 

1396 , 

1635 

1800 

Dimensions of cam shaft pulley, dia. by face... 


72x12 

72x14 

78x14 

78x16 

84x16 

84x18 

84x18 


Denver Ehigineering Works Co. 
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616 data, 


GaVBBA£ TABU OP MOIA DATA 

Abbreviations.-—Bl. = Blake breaker; cap. = capacity; est. = estimated; G. =z Gates breaker; grr. = grizzly; h = hours; 
in. — inches; j.in. __ Jig middlings; L. = Lowry breaker; mag. = magnetic; max. = maximum; mid. = middlings; ov. = oversize: 
s. = sectional; th. = through; No. = number; tr. = trommel. 


z 

1 

Feed 

Product to 


1« 

|a 

Diameter, In. 

, Face width. In. 

1 

Revolutions 
per minute 

1 di 

2 U’O 

goo 

Ski: 

• aw 

H 

1 C^p. per 

24 h. tons 
(a) 

Class (r) 


Space b( 
rolls. 

1 *3 

3 

0 

< 

Max. 

1 

1 From Bl. 

Hand Jig. 

% 

12 

14 

100 


50 

130 


L 

Th. Bl., % in., on No. 1 tr., H in. 

No. 1 tr.. h^ in. 

Close 

22 

14 

22 


300 

I 

2 

J.m., th. % in. 

No. 1 tr.. hit In. 


IS 

14 

22 



IV 

1 

Th. Bl., 1 in., on No. 1 tr., 2 mesh. 

No. 1 tr., 2 mesh. 

Close 

26 

12 

20 




1 

Th. Bl., 1 in. 

No. 1 tr., 0.487 in. . . 

% 

22 

14 

42 


“40 



2 

J.m., 1 to 0.09 In. 

No. 1 tr.! 6.487 in. 


22 

14 



1 

1 

(b) 

No. 1 tr., 20, 10. 2 mm. (S.)... 

Close 

18 

14 

*76 


*60 

To 

I. IV 

1 

(c) 

No. 1 tr., 15 mm. 


Close 

20 

14 

90 


46 

60 

II, IV 

1 

Th. Bl., IH in., on No. 1 tr., 0.141 In.. 

No. 2 tr., 0.083 In_ 


hi 

36 

14 

(d) 


100 

260 

II 

1 

Th. Bl. 

No. 1 tr., 3 mesh. 










2 

Ov. No. 1 tr., 3 mesh. 

No. 2 tr., 6 mesh. 








• • • 

III 

1 


No. 2 tr., 0.262 In_ 


Vi 

24 

12 

92 (f) 


106 


ir 

2 

Ov. of No. 2 tr., 0.262 In. 

No. 2 tr.. 0.252 In_ 


hi 

24 

12 

100 


60-80 



3 

J.m., 0.262 to 0.060 in. 

No. 6 tr.; 0.060 In. 

Close 

16 

9 

120 


... 


1 

Th. Bl., 1 in. 

No. 1 tr.'. 0.177 In. 

V4 

27 

14 

80 

io 


• • • 

2 

Ov. No. 1 tr., 0.177 in. 

No. 1 tr.; 0.177 in. 

Close 

24 

14 

80 

10 

25 

I ... 

T f T 

1 

Th. Krom breaker, 1 in. 

No. 1 tr.. 12 nrim_ 

0.4 

30 

16 

28(h) 

20 



2 

(1) 

No. 1 tr., 12 mm. 

. 

Close 

30 

16 

40 

20 


• • • 

HI, IV 

1 

Th. Blake, 1% in. 

No. 1 tr., 7 mm. 



27 

14 



109 


'1 

2 


No. 1 tr.; 7 mm. 

. 

Close 

27 

14 



100 

. . . 

III, IV 

1 

Th. Bl., % in., on No. 1 tr., 10 mm. 

No. 2 tr., 7 mm. 


Vi to Vi 

28Vi 

12 

24 


76 

100 

TT 

2 

Ov. No. 2 tr., 7 mm.; J.m., 10 to 0 mm. 

No. 2 tr.; 7 mm. 


hi to 

30 ■ 

12 

24 


142 

190 

III, IV 

1 

Th. Bl., 1% In.; Ov. No. 1 tr., 6 mm.... 

No. 1 tr., 6 mm. 

. 

Close 

30 

14 

8Vi 

8 

106 

126 

I 

2 

Jig skimmlngs, 6 mm. to 0. 

Jigs . 

. 

Close 

30 

14 

60 

6 

60 

66 

IV 

1. 2 

From Dodge breaker, 1 in. 

No. 2 tr., 0.224 In. 

Vi to A 

36 

16 

42 

9(k) 

100 

160 

T 

3 

Ov. No. 2 tr., 0.224 in. 

No. 2 tr.: 0 224 in_ 


36 

16 

60 

200 

III 

1 

Th. Bl., 1% in., on No. 1 tr., 1V4 In... 

No. 2 tr., % in. 

........ 

Vi 

36 

14 

42 


150 


II 

2 

Jig tailings, % to 21/64 in. 

No. 9 tr., 21/64 In_ 


Vi 

36 

14 

100 




TV 

1 


No. 2 tr.; 16 mm. 


hi 

26 

14 

40 

'9 

“96 

ioo 

II, IV 

2 

J.m., 16 to 5 mm.; ov. No. 8 tr., 3% mm. 

No. 8 tr., 3% mm. . .. 


Close 

30 

16 

36 

6 

24 

100 

IV 

1 

Th. Bl., 17 mm. 

No. 1 tr.. 8 mm. 


Vi 

21 

12 

45 




I 

2 

Ov. No. 1 tr., 8 mm. 

No 1 tr.. 8 mm_ 

hi 

21 

16 

40 



.. . 

III 

3 

Th. No. 1 tr-i 8 mm., on No. 2 tr., 6 mm. 

No. 2 tr.; 6 mm. 

. 

Close 

21 

16 



!! 

II 

1 

Th. gr., 1% in.; th. G. or Bl., 2% in. . 

No. 1 tr., 26, 16, 10 mm. (S.). 

Vi 

36 

14 

40 

10 

276 


I 

2 

Th. No. 1 rolls on No 1 tr., 25 mm.... 

No. 1 tr., 25, 16, 10 mm. (S.). 

Vi 

24 

14 

26 

6 

65 


III 

3 

J.m., 26 to 7 mm. » . 

No. 1 tr., 25, 15, 10 mm. (S.). 

Close 

30 

16 

30 

10 

260 

T - - 

IV 

4 

J.m., 7 to 0 mm.; ov. No. 3 tr., 6mm.. 

No. 3 tr., 6, 2hi mm. (S.). 

Close 

24 

14 

36 

4 

30 

- 

IV 

1 

Th. Bl., m In. 

No. 1 tr., 18, 16, 9 mm. (S.)... 

Vi 

36 

18 

40 

10 

200 

_ 

I 

2 

J.m., 1% in. to 4 mm.;. 

No. 1 tr., 18, 16, 9 mm 

. (S.)... 

V4 

24 

12 

36 

7 

... 


IV 

3 

J.m., 4 mm. to 0; J.m., 2V4 mm. to 0.. 

No. 3 tr.. 2% mm.. . . 

. 

Close 

24 

12 

. . . 

7 



IV 

1 

Th. Bl., 1% in.; th. gr., 1% In. 

No. 1 tr.. 12. 8 mm. . 

Vi 

31 

16 

28 

8 

600 

700 

J 

2 

J.m.. 1 Vi in. to 8 mm. 

No. 4 tr., 5, 2 mm. (S. 

L. 

Close 

36 

14 

66 

9 

360 

460 

IV 

3 

J.m., 8 to 6 mm. 

No. 4 tr., 5, 2 mm. (S. 


Close 

30 

14 

60 

4 

150 

360 

IV 

4 1 

J.m.. 6 to 2 mm. 

No. 4 tr.; 5’, 2 mm. (S. 

. 

Close 

30 

14 

60 

4 

160 

300 

IV 

1 

Th. Bl., 1 In., on No. 1 tr., 0.6 in. 

No. 1 tr., 0.6, 0.31 In. 

. 

S.). 

30 

16 

24Vi 


II 

2 

J.m.. 0.6 In. to 0. 

No. 2 tr., 0.2, 0.13 in. i 

S.). 

Close 

20 

10 

42 




IV 

1 

Th. gr., IH in., th. G., 1% In. 

No. 1 tr., 16 mm. 



30 

14 

48 


366 

!!! 

I 

2 

Ov. No. 1 tr., 16 mm.; J.m., 16 to 11 mm. 

No. 1 tr., 16 mm. 



30 

14 

•. . 

, , 

. . . 


III, IV 

3 

J.m., 11 to 3 mm.1 

No. 6 tr., 3 mm. 


- . - 

30 

14 





IV 

] 

Th. gr., 1 in.; th. G., 1 In. 

No. 1 tr., 16 mm. 


Vi 

26 

16 

62 

io 

300 


T 

2 

(m) 

No. 6 tr., 2Vi mm. . . . 


Close 

26 

16 


16 


IV 

1 

Th. Bl. 


.1 


24 

14 





1 

2 

Ov. No. 1 tr., 0.5 in.; J.m., 0.6 to 0.31 In. 

No. 1 tr., 0.6 in. 



20 

10 





III, rv 

3 

J.m., 0.31 In. to 0. 

No. 3 tr., 0.2 In. 

j 


20 

10 


1 . . 



IV 

1 

Th. G., 1% in.; Ov. No. 1 tr., 26 mm. . 

No. 1 tr., 26 mm. 

. 1 


26 

16 

*40 

I 



II 

2 

J.m.. 25 to 20 mm. 

No 1 tr . 25 mm. 

. 1 

Vi 

26 

16 

47 




IV 

3 

J.m., 20 to 3 mm.1 


hi 

20 

12 

37 




IV 

4 

J.m., 10 to 3 mm.; ov. No. 7 tr., 7 mm.I 

No. 7 tr.; 7. 3 mm. (S.).1 

42 

12 

42 


!!! 


IV 

1 

1 J.m., 1^ to % in.1 

No. 2 tr., % In. 

.1 

Vi 

26 

16 

60 


... 

... 

IV 

2 

J.m., % to % in.1 

No. 2 tr., % in. 

.' 

V4 

26 

15 

60 



... 

IV 

3 

(n) 1 

No. 6 tr., 2Vi mm. . .. 

.1 

Close 

26 

16 

60 


... 

... 

IV 

1 

(0) I 

No. 2 tr., IVi in., 15 mm. (S.).| 

A 

30 

16 

38 



... 

IV 

2 

Jig tailings, 16 to 8% mm.1 

No. 2 tr., 1% in., 15 mm. (S.LI 

Close 

26 

16 

40 


... 


IV 

1, 3 

From No. 2 Bl., 1 in.1 

No. 1 tr., 20 mm. 

.I 

Vi 

30 

16 

31 


60 

75 

I 

2 

J.m., 20 to 7 mm.1 

No. 1 tr., 20 mm. 

. ! 

A 

30 

16 

31 


76 

76 

IV 

4 

J.m., 7 to 3 mm.; J.m., 3 to 0 mm....l 

No. 5 tr., 3 mm. 


Close 

30 

16 

60 


120 

120 

IV 

1 

Th. No. 2 breaker.I 

No. 2 rolls. 

.' 


30 

15 

16 


.. . 

• • • 

I 

2 

From No. 1 rolls.1 

No. 1 tr., % In. 

.' 


30 

15 

24 



• • • 

III 

3 

J.m., % to % in.1 

No. 2 tr., % In. 

.1 

Close 

30 

16 




• • • 

IV 

4 

J.m., % to H in.; ov. No. 5 tr., H in. ..| 

No. 5 tr., % In. 

.1 

Close 

30 

16 


, , 



IV 

5 

J.m., th. % in.1 

No. 5 tr.. Vi in. 

.1 

Close 

30 

16 



... 

• • • 

IV 

1 

J.m., hi In. to 0; ov. 5 tr., 0.1 in.1 

No. 5 tr., 0.1 In. 

.I 

Close 

22 

16 

*60 

io 

.. . 

126 

IV 

1 

J.m., 1 in to 3 mm.; ov. No. 2 tr., 3 mm.l 

No. 2 tr., 3 mm. 

. 1 

Close 

30 

16 

60 


65 

100 

IV 

1 

Th. Bl., 1 Mi in., on No. 1 tr., 4 mesh.,1 

No. 1 tr., 4 mesh. 

.1 


20 

16 



.. . 

• • • 

II 

1 

Th. Bl., l»/4 In.1 

No. 1 tr., 0.224 In. 

. 1 

Vi' 

27 

14 

*22 


76 


I 

2 

Ov. No. 1 tr., 0.224 in. 

No. 1 tr ' n 224 In. 

.1 

Close 

20 

10 

30 




III 

1 

Th. Bl., 1^ In. 

No. 1 tr., 3 and 4 mesh.1 

V4 

36 

14 

40 


ioo 

i25 

I 

2 

Ov. of No. 1 tr., 3 and 4 mesh. 

No. 1 tr 3 and 4 mesh.1 

Close 

36 

14 

37 Vi 


60 

100 

III 

1 

Th. Bl.. in. 

No. 1 tr., 3 mesh. 

.i 

Vi 

27 

14 

40 


76 

I 

2 

Ov. of No. 1 tr., 3 mesh.1 

No. 1 tr.; 3 mesh. 

.1 

Close 

27 

14 




III 

1 

Th. L., % in.; th. No. 1 tr., 1 In.1 

No. 2 tr., 1/12 In. 

. 1 

Close 

30 

18 

■96 


... 

• • • 

I 

2 

Ov. No. 2 tr., 1 to 1/12 in.! 

No. 2 tr., 1/12 in. 

. 1 

Close 

30 

18 

100 


.. . 


III 

3 

Mid. of Mag. separator, 1/12 in. to 0..I 

No. 2 tr.. 1/12 in. 

. 1 

Close 

30 

18 

100 


... 


IV 

1 

From Buchanan fine breaker. 1 in....i 

No. 2 rolls. 

. 1 

Vi to % 

24 

14 

100 


60 


I 

2 1 

From No. 1 rolls.1 

No. 2 tr. (p). 

1 

Close 

18 

12 

130 


60 


III 

1 1 

Th. Bl., % In., on No. 2 tr., hi in.' 

No. 3 tr., 0.060 in... . 

. 1 

Clo.se 

30 

15 

34 


90 

i’O 

II 

2 

Th. No.2 tr., % In., on No. 3 tr., 0.060 In.! 

No. 4 tr., 0.058 in. 

. 1 

Close 

24 

16 

130 


26 

40 

II 

3 1 

Th. No. 9 tr., hi in., on No. 4 tr., 0.058 In.l 

No. 4 tr.. 0.058 In. 

. 1 

Close 1 

24 

16 

130 


25 

40 

II 

1 1 

Th. Bl.. m in.1 

Log washer . 

. 1 

iv* 

30 

14 

25 

!! 1 

80 

190 

1. 

2 

(0) ’ 

No. 1 tr.. 6 mm. 


IVi ’ 

24 

12 

30 

1 

10 


Til 


(a) Actual capacity Is what the rolls actually do in 24 hours; maximum capacity is what it is estimated they would do If 
run at their maximum capacity, (b) Th. Bl., 20 mm.; No. 1 Jig tailings, 20 to 10 mm.; No. 2 J.m., 10 to 2 mm. (c) Th. No. 1 tr.. 
16 in., on No. 2 tr., 10 mm.; J.m., 10 to 0 mm. (d) One roll makes 44 revolutions, the other 45. (e) Th. gr., 1V6 in., and Bl., IH in., 

on No. 1 tr., 0.252 in. (f) 102 revolutions per minute caused excessive wear, (g) 40 tons for hard ore, 60 for soft, (h) At 35 
revolutions the rolls became glazed, (i) Ov. No. 1 tr., 12 mm.; j.m., 12 to 3 mm.; poor sand from trunking machine; poor settling 
table heads. (J) Ov. No. 1 tr., 7mm.; Jig tailings, 7 to 3 mm.; J.m., 3 to 0 mm. (k) This is the result of actual measurement. 
(1) Th. Dodge, 1% In., on No. 1 tr., 40 mm.; ov. No. 2 tr., 16 mm:; Jig tailings, 40 to 60 mm. (m) J.m., 26 mm. to sand; ov. No. 6 
tr., 2% mm. (n) Jig middlings, % in. to 2% mm.; ov. No. 6 tr., 2^ mm. (o) Jig tailings, 1% in. to 16 mesh; ov. No. 2 tr., IH in, 
(p) This varies from % in. down to 20 mesh, (q) Ov. No. 1 tr, 6 mm., which treats No. 1 roll stuff, (r) The roll classes referred 
to in the above table, I, II, II, IV are; I. Rolls which crush the product of a breaker; II. Rolls which crush the product of a 
breaker after it has gone through a trommel; III. Rolls which crush the product of a previous pair of rolls. This may or may 
not have been screened; IV. Rolls that are crushing Jig middlings. 

Liddell's Chemists* and Metallurgists' Hand Book. 
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ORE DRESSING DATA. 




OBXniBZVO WXTK GTmATOBT OBTHIKSMI 

Abbreviations.—Br. = breakers; c. = comet; cap. = capacity; est. = estimated; g. = Gates; grlz, = errizzly; H. P. = 
horse power; In. = inches; L. = Lowry; max. = maximum; No. = number. 






R. P. M. 

• 


a 

• ^ 











•d 


stimated 
maximum 
pacity per 
hrs. (a) 

epairs be¬ 
sides wear¬ 
ing parts 

stimated 

H. P. re¬ 
quired 


reaker 

No. 

e 

h 

9 

•d 

9 

m 

o 

6 

Size 

of 

pulley 

of 

head 

Size of Feed 

ze cru 8 h 4 
to inchec 

ctual ca¬ 
pacity p< 
24 hrs.; t 

Head raised by 

n 1 

£ 

Z 





1 00 1 

1 1 

1 m \ 

1 1 

1 » 1 



1 

c 

1 

D 

320 

160 

Mine ore . 


200 


(C) 

(d)30 

Worm gear. 

1 

G 

1 

4 


170 

Mine ore over 1 % in. griz.. 


260 


(e) 


. 

1 

o 

2 

3 

426 

212 

Mine ore over 1 ^ in. griz.. 

1 tS 

110 





1 

Q 

1 

8 

600 

260 

Mine ore over 1 in. griz.... 

1 

200 


(T) 

20 



c 

1 

6 



Mine ore over 1 % in. grriz.. 

2 

76 





1 

O 

1 

3 



Mine ore ... 

2 

17 



12 

Screw to 6 in. 


o 


8 

426 

2 i 2 

Mine ore over H in. griz... 

1 

126 

380 

(W) 


Screw to 6 in. 

i 

G 


6 



Mine ore . 

1 ^ 

200 




Screw to 6 in. 

1 

c 


D 



Mine ore. 

1 to^ H 

60 




Shims up to 6 in. 

1 

C 


D 

400 

200 

Mine ore over 1 ^ in. griz.. 

3 

100 


(h) 

40 

Worm gear. 

\ 

L 

H 

• • 

... 

... 

(i) 

% 

... 






(a) These are estimates by the mill manasrera Cb) This can probably crush 1440 tons in 24 hours, (c) Repairs, oil and 
other incidentals, |200 per year, (d) This is the result of actual measurement, (e) None except occasional babbittlngr- <f) Bab¬ 
bitt eccentric every 6 months, (g) Bevel gear and pinion grsar. (h) Babbitting bearings. <1) Through No. 8 breaker on No. 1 
trommel, 1 in. 

Liddell’s Chemists' and Metallur^sts’ Hand Book. 


WSZQKT OP TUBP-HZU PBBBXJi :L0A2>8 

By W. A. CALDECOTT 


(From the Journal of the Chem., Met. and Min. Soc. of South Africa.) 

Weight of Load in Tons of Pebbles (at 105 Lb. per Cubic Foot). 








Internal < 

iameter 

of tube-m 

ill lining. 



, 

Pebble 

load in 22 -ft. tube mill. 

64 in. 

66 in. 

66 In. 

67 in. 

68 in. 

69 in. 

60 in. 

61 in. 

62 in. 

68 in. 

12 in. 

above axis of mill. 

14.21 

14.65 

16.10 

16.65 

16.02 

16.48 

16.96 

17.44 

17.92 

18.42 

11 

44 

44 

13.81 

14.26 

14.69 

16.14 

15.69 

16.06 

16.61 

16.98 

17.46 

17.94 

10 

44 

44 

18.41 

13.84 

14.27 

14.71 

16.15 

16.60 

16.06 

16.62 

16.99 

17.47 

9 

44 

44 

18.01 

18.43 

18.86 

14.28 

14.71 

16.16 

16.60 

16.06 

16.52 

16.98 

8 

if 

44 

12.60 

13.01 

13.42 

13.84 

14.27 

14.70 

16.14 

16.59 

16.04 

16.60 

7 

44 


12.18 

12.58 

12.99 

18.40 

13.82 

14.24 

14.67 

15.11 

16.66 

16.01 

6 

■« 

44 

11.76 

12.15 

12.66 

12.95 

18.36 

13.78 

14.20 

14.68 

16.07 

16.61 

6 

41 

44 

11.83 

11.72 

18.11 

12.60 

12.90 

18.31 

13.78 

14.16 

14.68 

16.01 

4 

M 

44 

10.90 

11.28 

11.66 

12.06 

12.44 

12.84 

18.26 

18.66 

14.08 

14.61 

8 

44 

44 

10.47 

10.79 

11.21 

11.69 

11.98 

12.37 

12.77 

18.17 

18.69 

14.00 

2 

44 

44 

10.04 

10.40 

10.76 

11.14 

11.61 

11.90 

12.29 

12.68 

18.09 

18.60 

1 

44 

t« 

9.60 

9.96 

10.81 

10.68 

11.06 

11.42 

.11.80 

12.19 

12.69 

12.99 

Level 

With axis of mill (i.e., half full). 

9.18 

9.63 

9.88 

10.23 

10.60 

10.96 

11.84 

11.72 

12.11 

12.60 

1 in. 

below axis of mill. 

8.77 

9.10 

9.46 

9.79 

10.14 

10.61 

10.88 

11.26 

11.68 

12.01 

2 


•• , , t t t . T 

8.33 

8.66 

9.00 

9.88 

9.69 

10.03 

10.39 

10.76 

11.18 

11.60 

8 


M 

7.90 

8.27 

8.66 

8.88 

9.22 

9.66 

9.91 

10.27 

10.63 

11.00 

4 



7.47 

7.78 

8.10 

8.42 

8.76 

9.09 

9.43 

9.78 

10.14 

10.49 

6 


44 

7.04 

7.34 

7.66 

7.97 

8.80 

8.62 

8.96 

9.29 

9.64 

9.99 

6 


•« 

6.61 

6.91 

7.21 

7.62 

7.84 

8.16 

8.48 

8.81 

9.16 

9.49 

7 


44 

6.19 

6.48 

6.77 

7.07 

7.38 

7.69 

8.01 

8.33 

8.66 

8.99 

8 


44 

6.77 

6.06 

6.34 

6.63 

6.93 

7.28 

7.,64 

7.86 

8.18 

8.60 

9 


44 

6.36 

6.63 

5.91 

6.19 

6.49 

6.77 

7.08 

7.38 

7.70 

8.02 

10 


44 

4.96 

6.22 

6.49 

6.76 

6.06 

6.33 

6.62 

6.92 

7.28 

7.68 

11 


44 

4.66 

4.81 

6.07 

5.33 

6.61 

6.88 

6.17 

6.46 

6.76 

7.06 

12 


44 

4.16 

4.41 

4.66 

4.92 

6.18 

6.46 

6.72 

6.00 

6.30 

6.68 


The above table is calculated as follows: 
Assume R = internal radius of lined tube-mill in 
inches. 

V = heisrht in inches from top of pebble 
load to lining. 

L = len^h of tube-mill in feet. 

F = Weight in pounds of one cubic foot of 
pebbles.. 

Then the general formula for the pebble load in 
tons is: 

0.0001 L F [0.1091 R*- 0.0463 VVV(2ll-0.608V)]. 

The pebble load in tons of a tube-mill 22 ft. long, 
and with pebbles at 105 lb. per cubic foot, is: 

Mining and Scientific Press. 


0.0.252 R* - 0.0107 V VV(2R-0.608 V). 

The above formulae are derived from Moles- 
worth’s formula for the area of a segment, namely: 

4 V 

“TV (0.626V)»-l-C*, 

when V is the height of the segment, and C is the 
semichord. 

When the upper surface of the lobbies is below 
the axis of the tube-mill, find the weight of the peb¬ 
ble load whose upper surface would be the same 
distance above the axis, and deduct this weight 
from the weight of the pebble load required to en¬ 
tirely fill the tube-mill. 


OBVSKivo nr kxok-spbbb okubah lous* 


Mill 

Type 

Rev. 

per 

Min. 

Capac. 
24 Hrs. 

Screen 

Mesh 

Feed 

Ore 

Size of Product 

-f30 

-^60 

-h60 

-4-100 

-4-160 1-4-2001—200 

Portland . 

Akron 6-ft. . . 

34 

124 

30 

^ -In. 

Hard. 






6.0 


Independence... 

Akron 6-ft... 

33 

120 

30 1 

1 %-in. 

Hard. 

.... 

.... 

2 i 


i 2.6 

6 

62.0 

... 

Goldfield . 

Trent 6-ft. .. . 

32 

75 

30 1 

4 -mesh . 

Medium. 

4.0 

10 


25.0 

6 

6.0 

49.6 

Mogul . 

Monadnock... 


105 

30 

1 1%-in. 

Hard. 

14.5 1 

1 


i7*.8 

12.6 


16.7 

39.4 


•Private Notes of H. A. McGraw. 
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ORE DRESSING DATA. 


XiOW-BPBBB CKZUAB ’•rwr.r. BATA* 


Slse of 
Mill 



Type of Ore 


Sise of 
Feed 


Dischargre 


Consistency Tons per 
of Overflow 10 Hra 


Schist and hard quart*. 1-ln. ringr. 7%-in. overflow, no screen_ 

Same ore as above. 1-ln. ring..*.... 6-in. overflow, SO-mesh screen 

Hard, no talcose matter. %-ln. 7%-in. overflow... 

Tough, Close-grained quartz. 7-fn. overflow.!!. 

Chunderlee, Australia. IH-ln. 7-in. overflow. 

Chunderlee, Australia. l^-in. 9-ln. overflow.... 

Hard quart*... . 6%-ln. overflow. 

I Brecclated quart* and andesite.lO-in. overflow . 


Screen Analysis (not cumulative) 
+40 I +60 I +80 I +100 I +120 





Shows screen is a detriment 

6.84% on 160; 12.26% on 200; 68.42% through 200 


t To compare effect of height 
£ of discharge 

Bames-Klng Development Co.. Mont. 
Argonaut Mine. Cal. 62% minus 200 


One horsepower will crush 1—2% tons of ore in slow speed mill. 
•Original Notes of A. McLaren. 


TOBB MZU DATA* 

Relation Between Per Cent. Ore and Solution, Fineness of 
Grinding and Horsepower 

Sorssn Analysis of Ba n d Pod to Tnhs BOlls, 12 Ft. Dong, 

6 Pt. Diameter 

On 20 On SO On 40 On 60 On 80 On 100 On 120 On 160 Through 160 
6.0 20.0 24.0 23.0 11.0 8.0 4.0 2.0 2.0 

yariable Pebble Tolnme, Pined Ore and Solution 


80KBDUDB OP mBDATXYB 8ZBB8 OP 8TOBB AHD 80QBBBB8 


Size of 
Cube, 
Inches 


Size of 

Ring, 

Inches 


Size of 
Revolv¬ 
ing 

Screen 

Perfora¬ 

tion 

Inches 


Size of 
Cube, 
Inches 


Size of 
Ring, 

' Inches 


Size of 
Revolv- 
ing 

Screen 

Perfora¬ 

tion 

Inches 




































































































































































































ORE DRESSING DATA. 



Monthly tonnage, 30 days . 

Dally tonnage . 

Tons on 150 mesh (requires grinding) 
Tons through 150 mesh (already ground) 

On 150 in -percentages . 

Through 150 in percentages . 


Tons requiring grinding through 150 

After grinding in pans on 150 . 

After grinding in pans through 150 . 

Percentage of total tonnage ground through 150 by pans. 

Tons ground through 150 of total daily tonnage. 

Number of pans . 

Diameter of pans . 

Area of a pan in square feet. 

Circumference of pan in feet. 

Revolutions per minute . 

Circumferential speed per minute . 

Total die area of pans in square feet. 

Total shoe area of pans in square feet. 

Tons ground per pan per day through 150. 

Horsepower per pan . 

Cost per pan per day at Sc. per horsepower hour. 

Cost per ton to grind sands through 150. 

Cost per ton on total tonnage ... 

Area of discharge hopper at top, square inches. 

Tons requiring grinding per pan per day. 


19,000 

9030 

18,000 

11,600 

10,700 

3700 

633 

301 

600 

386 

356 

123 

209 

131 

225 

181 

189 

56 

424 

170 

375 

205 

147 

77 

33 

43.6 

37.5 

47 

53.1 

45.5 

67 

56.4 

62.5 

53 

46.9 

54.6 

209 

131 

225 

181 

189 

56 

28.4 

12.6 

29.0 

10 

20.8 

12.5 

71.6 

87.4 

71.0 

90 

79.2 

87.5 

4.6 

31.0 

8.5 

37 

32.3 

33.0 

29.1 

93.3 

51.0 

142 

115 

40.5 

17 

7 

22 

20 

14 

8 

8 

5.8' and 2.5' 

5 

5 

5 

6 

50.2 

50.2 and 19.6 

19.6 

19.6 

19.6 

19.6 

25.1 

25.1 and 15.7 

15.7 

15.7 

15.7 

16.7 

10-30 and 7-25 

38 and 55 

60 

55 

55 

47 

753 and 627 

828 and 863 

942 

863 

863 

787 

537 

183 

279 

254 

177 

101 

272 

105 

279 

254 

177 

101 

1.7 

13.3 

2.3 

7.1 

8.2 

6.0 

8.0 

12 and 7 

7 

7 

7 

5.1 

15.76 

$7.68 

15.04 

15.04 

$6.04 

$3.66 

28c. 

58c. 

18c. 

66 c. 

58c. 

72c. 

15c. 

18c. 

17c. 

26c. 

20 c. 

24c. 

275 

425 

425 

425 

425 

425 

12.3 

18.7 

10.2 

9 

13.5 

7 
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SPECIMEN FORM SHEET FOR ELECTROSTATIC SEPARATION 

(Xnformatlon Dsslrsd by Xanufaotiirsni) 


A knowledge of the following matters Is essential to an 
understanding of your problem, and will enable us to advise 
you concerning the commercial application of the process to 
your particular proposition. Please fill in the blanks below, 
and if any of the subjects require more detailed explanation, 
kindly give it in your accompanying letter. 


COMPANY (name and office) 

MINE (name and location) 

Distance from railroad and smeltera 
Character and extent of deposit. Country rock. 

Present milling equipment. 

Available tonnage for mill. Proposed daily tonnage. 
Availability of water supply. Fuel available and cost at 
mine. 


THE PROBLEM 

General analysis of material to be treated. 

Desired results In concentration or separation. 

Prior investigation of ore (past and present concentration 
difficulties) 

Is zinc present in recoverable amounts? 

HOW TO SHIP SAMPLES 

Send small amounts, up to four pounds, by mail. Larger 
amounts by prepaid freight or express, in good canvas bags, 
tagged, directions and name of shipper in ink. Also place inside 
sack, written on paper and folded, or better on wooden tag, 
name and kind of ore and name of mine. This is to insure 
identification in case of loss of outside tag. Be careful that 
samples represent fairly the character of the material to be 
treated. Please send a letter at time of shipment stating num¬ 
ber of samples sent, together with as much relevant data as 
possible. 

Huff Electrostatic Separator Co. 


MINING CATALOG 


SECTION XVII 


Digitized by 


Google 











































































































































































620 DRESSING MACHINERY. 


uALUSCHALMERS MANUFACTUIUNG COMPANY. 


Allis-Chalmers Manufacturing Company 

MILWAUKEE, WISCONSIN 

For Branch Offices and Other Products, See Page 168 

Ore Dressing and Milling Machinery 




Products 

Concentrating, Cyanide, Ore Washing and Sam¬ 
pling Plant Equipment. Stamp Mill Equipment; 
Classifiers; Blake and Dodge Jaw Crushers; Mill 
Elevators; Feeders; Bin Gates; Ball and Pebble 
Granulators; Sample Grinders; Grizzlies; Hartz 
and Hancock Jigs; Flotation Machines; Rod Mills; 
Crushing Rolls; Revolving Screens; Isbell and Frue 
Vanners; Log Washers, and Perforated Metal. 

Rod Mills 

The rod mill as designed by the Allis-Chalmers 
Manufacturing Company has proved its efficiency 
as a regrinding mill and can be furnished in sizes 
from 3'-0" to 6'-0" diameter, and for both wet and 
dry grinding. Bulletin 1821. 



Rod urn 


Ball Granulators 

The ball granulator as developed by the Allis- 
Chalmers Manufacturing Company, represents the 
highest tj^e of desi^, 
workmanship and material 
in its construction. 

Built in standard sizes 
from 3'-0" x 3'-0" to 8'-0" 

X 6'-0" with direct motor 
or spur gear and pulley 
drive. 

Shell liners of either 
white iron, chrome, or manganese steel of the latest 
and most approved type. Bulletin 1813-B. 




Ball-Peb Granulator 


Ball-Peb Granulators 

The Allis-Chalmers Manufacturing Company 
has designs and patterns to cover every practical 
size of Ball-peb granulator, ranging in diameter 
irom three feet to eight feet and up to and including 
twenty two feet lengths, furnished with any stand¬ 
ard type of drive ,geared, belted or direct connected 
to motor. Bulletin 1813-B. 



Jaw Crushers 

The Allis-Chalmers Manufacturing Company 
build both the Blake and Dodge type of jaw crusher. 
The Blake type can be furnished in sizes ranging 

from 10" X 7" to 60" x 
48". The Dodge type jaw 
crusher can be furnished 
in sizes ranging from 4" 
X 6" to 11" X 16". 

Our well known type 
“B” Blake crusher as 
shown in illustration can 
be furnished in sizes 

Type "B” Blake Crusher ^ * 

18". The larger sizes are 
made with cast steel sectional frames, or semi-sted. 
frames with re-inforcing rods. 

We can furnish the 10" x 7" Blake and 7" x 9" 
Dodge type jaw crushers sectionalized for mule- 
back transportation. Bulletins 1451-B and 1810. 


Crushing Rolls 

The Alhs-Chalmers Manufacturing Company 
build a complete line of crushing rolls of various 
desi^s, ranging 
in size from 9" to 
72" in diameter 
and from 9" to 
24" width of face, 
having spring 
pressures up to 
fifteen tons per 
inch in width of 
face. We are in 

a position to fur- 72"x24" XX crushing Rolls 

nish rolls suitable for the most exacting require¬ 
ments. Bulletins 1812, 1815-A, 1816-A, 1817-A. 

Hancock Jigs 

The Hancock Jig is of the movable sieve type> 
It has solved many difficult problems in the treat¬ 
ment of large tonnages of the low grade ores of 
copper, lead, zinc, manganese, chrome and sul¬ 
phides of iron. The 
capacity ranges 
from one hundred 
to six hundred 
tons per twenty- 
four hours, depend¬ 
ing on the mineral- 
content of the ore. 
The feed does not 
require carefully 
graded sizing. 
Mixed feed as 
coarse as %" and' 
Hancock Jig Bs fine as 30 mesh 

is handled efficiently. The Hancock Jig requires 5 
H.P. which is less than one-fifth of that required 
for Plunger jigs of equal capacity; requires less 
than 50% of the water used with Plunger jigs. 

Bulletin 1820. 
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CHALMERS & WILLIAMS, INC. 


ORE DRESSING MACHINERY. 021 


CHALMERS & WILLIAMS, Inc. 

1402 Arnold Street, CHICAGO HEIGHTS, ILL. 

Crushing and Mining Machinery 


Products Ross Automatic Drop Bar Grizzly Feeder 

Symons Disc Crushers; Ross Grizzly; Ball, Peb- and Screen 

ble and Tube Mills; Burt Filters; Crushing Rolls; In operation, the screen surface moves past the 
Stamp Mills; Jaw and Gyratory Crushers; Hunt- feed lip, and at once thins out the material to a 
ington and Chile Mills. 

Symrnis Disc Crushers ^ 

An entirely new crushing movement, the crush- 
ing being done between two manganese steel discs ^ 

at the same time being given a very rapid rocking 




Horizontal Type 


\\ 

Ross Automatic Drop Bar Grizzly Feeder and Screen 

one-ply scattered load. Every piece of the feed 
has a clean contact and the separation of a small 
from a large piece is simple and practically instan¬ 
taneous. The time to separate pieces of undersize 
from the oversize, above all others, is at the in¬ 
stant of contact. The material cannot be in a more 
perfect condition for separating than when f^ing 
or sliding freely to the screen. The great oj^or- 


movement by means of an eccentric. The material taneous. The time to separate pieces undersize 
is thrown out by the centrifugal force the instant from the oversize, above all others, is at the in- 
it is crushed to the required size, so that the diffi- stant of contact. The material cannot be in a more 
culty of “packing” met with in crushing to small perfect condition for separating than when f^ing 
sizes in jaw and gyratory crushers is overcome, or sliding freely to the screen. The great |^or- 
The discs wear smooth and not in grooves* permit- * tunity— it might be said the only opportun^>~of 
ting wear to be readily taken up. making a complete separation^—is at this instant. 

These crushers are specially adapted for the Observing the Ross Screen in operation, one is 
crushing of hard rock, gravel, ore, etc., and produce first struck with its easy running and effortless 
a very uniform sized product. efficiency. Closer examination discloses the 

*ABu or waioKTS Axs oATAOznaB roa la, 34, se, 48 -zvok syvohb szbo ctush m following^ distinguishing 

, . ... , charactenstics: 


Size of Crusher . I 

Approximate Shipping: Welgrht.I 

Size of Feed... 

Minimum Exit Opening for best 
results . 


Minimum Capacity in tons per hour.. 


18-inch 

5600 

1%-inch 

%-inch 
Size Ton 
of Per 
Ring: Hou 


24-inch 

8500 

2V4-inch 


36-inch I 48-inch -I 

23,600 39.000 j 

8 V 4 -inch 6 H-Inch cssy flow of the uudeTsize 

%-inch _ 1-inch through the apertures im- 

size Tons Size Tons mediately at the feed lip. 

of Per of Per 

, 2; The single skMp 
1 =30-45 60 - 80 knock and jump of each 

• 2 ^=6o-j6^ * 2 H=iooIi 2 o oversize piece when it hits 

133 100 the screen bar which 

44 *xi 4 64 x 16 Icavcs it perfectly free of 

30-60 I 0-66 fines or dust. 

3. The sparseness of the scattered oversize 
pieces traveling to the discharge. 

4. The complete absence of any undersize 
pieces on the screen surface beyond the immediate 
vicinity of the feed lip. 

5. The extreme simplicity in the release of all 
pieces when at the discharge point no matter how 
tightly they have been knocked or squeezed in 
between the bars. 

6. The absolute freedom from—^and the im¬ 
possibility of—blocking or choking. 


4 8-inch 
39.000 
6^-inch 


Tons 

1 Size 

Tons 1 

Size 

Tons 

1 Size 

Tons 

Per 

of 

Per 

1 of 

Per 

Lpf 

Per 

Hour 

Ring 

Hour 1 

Ring 

Hour 

Ring 

Hour 

5- 8 


= 12-15 

% 

= 25-30 

1 = 

45- 60 

8-10 

% 

= 18-20 

1 

= 30-45 

1% = 

60- 80 

10-12 

1 

= 20-25 


= 45-60 

•2 — 

80-100 

12-15 

•1% 

= 25-30 

•2 

= 50-65 

*2V4 = 

100-120 


R. P. M. Main Pulley.. 

R. P. M. Eccentric Pulley. 

Size of Pulleys.. 

H. P. requirel. 



Vertical Type 


Vertical Type 

Made in one size 
with several types 
of crushing discs to 
permit of fine, inter¬ 
mediate or coarse 
crushing. 

Principal advan¬ 
tages are: large ca¬ 
pacity per unit, low 
horse power, large 
range of reduction, 
uniform product. 
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CRUSHERS. 


C. G. BUCHANAN CO., INC. 


C G. BUCHANAN CO., Inc 

90 West Street. NEW YORK. N. Y. * 

Crushing Machinery 


Products and Service 

Crushers and Crushing Rolls. 

Bucket Elevators. Revolving Screens. 
Magnetic Separators and Head Pulleys. 
Designers and builders of Complete Stone Crush¬ 
ing and ^ncentrating Plants. 

Buchanan All-Steel Crushers 

X 3 rpe “C”—^This type Buchanan crusher is made 
in over 20 sizes to meet varjdng conditions. All bear¬ 
ings are water-jacketed and in the larger sizes are 
removable. Jaw. cheek plates and toggle bearings 
are manganese steel. Pitman is spring balanced 
and made parting with underfeed and overfeed lu¬ 
brication provided for the bearings. All crushers 
fitted with our adjustable jaw stroke. Several sizes 
of Buchanan embers are made sectional for con¬ 
venience in handling for underground operations. 
All steel castings thoroughly annealed. 

Adapted for preliminary crushing of rocks and 
ores to sizes suitable for feeding to secondary 
crushers. Fully described in Bulletin 10. 






Type “B”—Constructed with main frame cast of 
steel in one solid piece. Made in 20 sizes from a 2x4 
in. laboratory crusher to 24x36 in. for preliminary 
crushing. Jaw and cheek plates of manganese steel. 
Pitman water-jacketed, and in larger sizes (over 12 
x20 in.) made parting. Equipped with our patent ad¬ 
justable jaw stroke for 
increasing or decreasing 
stroke for fine or coarse 
crushing. Phosphor , 

bronze removable bear- ' 

ings on all sizes up to 
and including 12x20 in. 1 
All steel castings thor¬ 
oughly annealed. 

Detailed description 

i-M Q Front View Buchanan 18x86 In. 

m J5Ulletin y. Type “B” crusher 

STAVDASD 8ZSB8, WBZGKT8, OAPAOZT1B8, 8PBaD8, BTO^ 
TYPB *«B’« OBiniSBB 


Approximate capacity in tons, per day of 
10 hours to any one of sixes stated 


8 to 
35 to 1 
100 to 
130 to 1^; 
160 to 1^ 


400 to 2 
575 to 3^ 
700 to 4 


I 


■ ^ 

Size of 



pulley, I Speed, 

I H.P. 


in. ! r.p.m. ! 

I 


I I 

I 

<s 


30 

to 

2 ^ 

20 

to 

1 


15 

to 

1 

100 

to 

2 % 

85 

to 

2 


60 

to 

1 % 

170 

to 

3 

150 

to 

2 


125 

to 

2 

230 

to 

3 

200 

to 

2 


175 

to 

2 

300 

to 

3 

260 

to 

2 


215 

to 

2 

400 

to 

4 

350 

to 

3 

ft 

300 

to 

3 

375 

to 

3 

320 

to 

2 


275 

to 

2 

500 

to 

5 

450 

to 

4 


375 

to 

3 

650 

to 

4 

575 

to 

3 


500 

to 

3 

900 

to 

6 

800 

to 

5 

650 

to 

4 

1000 

to 

6 

850 

to 

5 


750 

to 

4% 



18x 8 
24x10 (1) 
30x12 (1) 
36x12 (1) 
42x 8 (2) 
42x 8 (2) 
42x10 (2) 
|42xl0 (2) 
42x10 (2) 
148x14 (2) 
48x14 (2); 


i f “ 


Type 

fa 


Approxunave 
weight, lbs. 

1 ? 

Tons per hour to sizes below 
(Approximately) 

tons in 1 tons in. 1 tons in 

Size of pulley, 
in. 

Approximate 
h.p. required 

Box-Come. 

60x84 

550.000 

85 

285 to 8 

360 to 10 

450 to 12 

168x36 

250-300 

Box-Come. 

48x72 

264,000 

125 

315 to 7 

360 to 8 

450 to 10 

120x30 

150-180 

Box-Ooarae. 

48x60 

244,000 

125 

260 to 7 

300 to 8 

375 to 10 

120x24 

140-165 

Box-Pine. 

42x72 

262,000 

125 

225 to 5 

270 to 6 

315 to 7 

120x36 

150-180 

Box-Pine. 

42x60 

244,000 

125 

185 to 5 

225 to G 

260 to 7 

120x36 

140-165 

Box-Medium. 

42x54 

195,000 

150 

250 to 7 

290 to 8 

360 to 10 

90x36 

125-150 

Box-Pine. 

38x54 

193,000 

150 

215 to 6 

250 to 7 

290 to 8 

90x36 

125-160 

Panel-Come. 

42x48 

173,500 

150 

225 to 7 

260 to 8 

320 to 10 

90x30 

110-140 

Panel-Pine. 

38x48 

171,500 

150 

160 to 5 

190 to 0 

225 to 7 

90x30 

110-140 

Panel-Coaree.' 

36x54 

130,000 

1751 

225 to 6 

300 to 8 

3 75 to 10 

84x24 

125-150 

Panel-Pine. 1 

32x54 

128,500 

175| 

185 to 5 

225 to 6 

260 to 7 

84x24 

125-150 

“Special”(Box)-Fine. ' 

36x48 1 

172,000 

175 

130 to 4 

165 to 5 

200 to 6 

84x24 

126-150 

Panel-Coane.1 

36x48 

118,000 

175 

190 to 6 

260 to 8 

325 to 10 

84x18 

100-125 

Panel-Pine. ' 

32x48 

117,000 

175 

160 to 5 

190 to 6 

225 to 7 

84x24 

100-125 

Panel-Coarae.' 

36x42 

116,000 

175 

175 to 6 

235 to 8 

290 to 10 

84x18 

90-115 

Panel-Fine. ! 

32x42 

11 ; 

i.500 

175 

145 to 5 

175 to 7 

200 to 7 

84x18 

90-115 

Panel-Pine.' 

30x48 

115,500 

1 175 

145 to4% 

190 to 6 

225 to 7| 

84x24 

100-126 

Panel-Pine. ! 

30x42 

110.000 

1 175 

115 to 4 

145 to 5 

175 to 6 

84x20 

90 115 

Panel-Coarse “Special” 

30x42 

70.000 

200 

175 to 6 

200 to 7 

235 to 8 

70x241 

90-115 

Panel-Pine “Special’'. . 1 

24x42 

69.000 

200 

85 to 3 

115 to 4 

145 to 5 

70x24! 

90-115 

Panel-Pine “Special". . 

24x48 

110.000 

200 

100 to 3 

135 to 4 

200 to 6| 

70x24 

110-135 

Panel-Coarse.' 

30x36 

68.500 

1 200 

90 to 5 

105 to 6 

125 to 7 

70x18 

60- 76 

Panel-Pine.I 

24x36 

67,000 

1 210 

45 to 3 

60 to 4 

75 to 5 I 

70x18 

60- 76 

“Sectional”.' 

24x36 

68.000 

210 

45 to 3 

60 to 4 

75 to 5 

70x18 

60- 75 


A Buchanan Crusher Reducing Perro-Manganese 

The crusher can be adjusted to produce a 
very uniform product of any desired degree of 
fineness, from to Y 2 in. size, effecting a sav¬ 
ing of from 20% to 25% of manganese. When 
manganese is crushed to a uniform size a much 
better and more intimate mixture can be made, 
thereby producing a much better quality of metal 
and at the same time effecting a very marked sav¬ 
ing in the use of manganese. 

A very important economy is the saving 
through the use of a crusher as compfu*ed with 
the old hand method of breaking up with ham¬ 
mers, with much waste. 
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C. G. BUCHANAN CO^ INC. 


CRUSHERS. 


Crushing Rolls 


Revolving Screms 



These rolls are made in sizes froml8xl2 in. to 42 
xl6 in. and special from 36x18 in. to 72x36 in. Phos¬ 
phor bronze bearings. Stationary roll provided with 
fleeting adjustment to provide moving roll side¬ 
ways to prevent grooving. The adjustable or mov¬ 
ing roll is provided with our patent swivel pillow 
blocks to keep bearings in alignment and prevent 
cramping of the shafts when passing iron or other 
hard substances through the rolls. 

Bulletin 13 ^ves further details and describes 
our other crushing rolls. 


Buchanan Type ‘*C** Crushing Rolls 


Bucket Elevators 



In crushing plants, elevators as a rule give more 
trouble and cause more loss of time than any other 
piece of equipment. The reason is that frequently 
the elevator or conveyor installed is not adapted 
for the work it is intended to perform. When prop¬ 
erly designed and 
buUt, the elevator 
will cause no more 
trouble than any 
other equipment 
exposed to the 
abrasive action of 
the material han¬ 
dled. 

We build and 
have patterns for 
a full line of ele¬ 
vators, either chain 
or belt, using buck¬ 
ets from 4 to 6 in. 
up to and including 
24x60 in., having 
capacities from 10 
to 600 tons per 

hour. Chain Belt 

Bucket Elevators 



Belt Conveyors 

In connection with our crushing machinery, mag 
netic separators 
and magnetic head 
pulleys, we furnish 
belt conveyors of 
the most approved 
design, in all sizes, 
adapted for either 
fine or coarse ma¬ 
terial. Belt Conveyor 



These screens are well designed and built of the 
best material for the purpose. They are largely 
used for screening coarse or medium fine material. 
Screen sections are removable for replacement with¬ 
out the necessity of taking entire screen apart. 
When desired, dust jacket can be furnished for re¬ 
moval of dust. 


Buchanan Girder Type Revolving: Screen 
Made In a number of sizes, from 36 In. x 12 ft. up to and Includ¬ 
ing: 72 In. X 30 ft. 

Magnetic Separators and Head Pulleys 

These sei>arators are designed for use in the 
treatment of iron or other magnetic ores, also for 
separating iron from brass turnings or siinilar pur¬ 
poses. Another use is separating “tramp iron” 
from materials being pulverized. 

Drum Separator—^The Buchanan standard.. Has 
magnets with pole pieces of alternating polarity. 
Built in sizes from 14x6 in. to 36x24 in., with or 
without automatic feed. 



Buchanan Mag:netic 
Drum Separator 


Illustrating the Magnetic Influ¬ 
ence of Buchanan Drum 


Head Pulleys—^Buchanan magnetic head pulleys 
are made in sizes from 12x12 in. to 42x36 in. or 
wider if desired. Very strong and simple in con¬ 
struction. Used on conveyor belts in place of the 
regnlar head pulley. 



Buchanan Magnetic Head Pulley 
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6 RUENDLER PATENT CRUSHER & PULVERIZER CO. 


Gruendler Patent Crusher & Pulverizer Co. 


992 N. Main St., ST. LOUIS, MO. 

Manufacturers of 


GRUENDIER 


1CWU»HKRS»PULVEPIZKRS«CWINDKRS P 


Products 

Jaw and Gyratory Crushers, Shredders, Pulverizers with air 
separation. Roller Mills with air separation. Revolving and Vibrating 
Screens, Conveyors, Elevators, Packing Machinery, Rotary Dryers, 
'etc. *“We design, install and manufacture crushing, pulverizing 
and conveying machinery for the handling of all mineral and 
similar products, also complete machinery for grinding and mixing 
plants. 

You can’t afford to have shutdowns in your crush- 
t’, ing and pulverizing departments. Every delay in 

these departments will mean thousands of dollars loss 
to you. Gruendler Crushers and Pulverizers, Screen¬ 
ing, Elevating and Conveying Machinery have stood 
the test for 36 years, giving satisfactory service in 
hundreds of plants with fewer shutdowns than other 
machines and giving a uniform material at less cost 
per ton of finished material. 

Service 

Write us for further information. Our engineers 
are always at your service. Call on them. 

LET GRUENDLER BUILD YOUR NEXT PLANT 

APVBO: 

ei 







OJlPAOITT ahd fowbb us«— 
■aVXMB 8H AMI AHP <mAT OOtVSl 
PTOTmsntS, WZTK OS WXTBOnV 



No. 

Size 

Ap¬ 

prox. 

Ap¬ 

prox. 

1 

1 

Speed, 

Size 

Approx. 
Capacity 
per Hour, 

H Bar Open¬ 
ing, Tons 



H. P. 

1 

Weight, 

Lbs. 

R. P. M. 

Pulley 


X 

18'' 

7 

1,200 

1200 to 1600 

8 x 7" 

1 to 1^ 

XB i 

18" 

10 

1,360 

1200 to 1600 

9x 8" 

2 to 3 

XXB 

24" 

16 

2,700 

1200 

12 x10" 

4 

XXC 1 

24" 

26 

3,000 

1200 

14x12" 

6 

XXX 1 

1 30" 

30 

4,600 

1000 to 1200 

16x12" 

6 to 8 

XXXD 

30" 

35 

6,600 

1000 

16x12" 

8 to 10 

XXXX 

36" 

45 

6,600 

1000 

16x14" 

10 to 12 

XXXXE 

36" 

66 

7,500 

1000 

16x16" 

16 

XXXXF 

42" 

75 

8,500 

900 

20x18" 

20 

XXXXG 

42" 

100 

15,000 

900 

24x22" 

30 

XXXXH 

1 42" 

110 1 

17,000 1 

800 

24x26" 

40 

XXXXI 

1 

42" 

120 1 

1 1 

20,000 1 

1 

600 to 800 

1 

24x28" 

60 to 70 



THE BEST 
THAT MONEY 
CAN BUY 


Monster Crusher on Flat Car 



Gruendler Rotary Dry«r 



Gruendler Revolving Screens 



Interior View Swing 
Hammer Crusher 



Gruendler Jaw Crusher 



Gruendler Roller Mill 
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THE WILLIAMS PATENT CRUSHER & PULVERIZER CO. 


CRUSHERS. 


The Williams Patent Crusher & Pulverizer Co. 

Plant and General Offices: 2703 North Broadway, ST. LOUIS, MO. 


Chicagro Offices and Showroom 
37 W. Van Buren Street 
New York City Scranton 

Philadelphia Los Angreles 

Denver Richmond 


San Francisco Offices and Showroom 
67 Second Street 


Rochester 

Seattle 

Chattanoogra 


Detroit 

Salt Lake City 


Products 

Hinged Hammer Crushers and Pulverizers for 
Limestone, Lime, Asphalt Rock, Coal, Iron Ore, 
Talc, Kaolin, Shale, Clay, Marl, etc. 

The Mammoth Crusher 

Reduces limestone and similar material as 
large as 36" square by 4' and 6'-long to IV^" and 
finer in one reduction, thereby taking the place of 
a preliminary crusher and two or three secondary 



Mammoth Crusher With Cover Removed. Reduces 36" 
Limestone to Macadam in One Operation. 


units as well as the necessary elevators and con¬ 
veyors for carrying the rock through the succes¬ 
sive crushing steps. The size of the crushed 
material can be regulated to suit operator’s wishes. 
Macadam, limestone for burning, fluxing and many 
other grades of crushed rock can be made with the 
same Mammoth Crusher. The size of the finished 
product is variable by using grate bars with larger 
or smaller openings—by rearrangement of the 
hammers and by raising or lowering the breaker 
plate. 

The Jumbo Crusher 

This type is widely used in cement plants, lime 
plants and other operations as a secondary unit to 
jaw or roll crushers, reducing the product of the 
largest size crusher to IY 2 " and finer in one opera¬ 
tion. It will also handle stone as large as 18" and 
20 ", crushing it as fine as agricultural size if de¬ 
sired. All Williams Hinged Hammer equipment is 
adjustable as regards size of crushed material. 
Where a uniform product with a minimum of un¬ 
dersize or oversize goods is required, as in the 
making of macadam, very good results have beeh 
obtained. The Jumbo is built in eleven sizes. 



The Jumbo Crusher Reduces 18" and 20" Stone to Macadam 
in One Reduction. 


The Williams Hinged Hammer Pulverizer 

The Universal T3T>e is especially adapted to 16, 
20, 30 and 40 mesh grinding and finer and wiU give 
this product without the aid of outside sepai^tion 
on dry material by reason of its many features of 



Universal Type Fine Pulverizer. 


adjustment. It is a very economical mill to operate 
and the upkeep cost is exceedingly low. Widely 
used in the r^uction of kaolin, pumice, fullers 
earth, plaster and similar goods, also widely used 
in cement plants pulverizing 1 ^" and 2" lime¬ 
stone to 96% 20 mesh for tube mill feed. Built in 
capacities of 500. pounds to 30 tons per hour. 

Crushers and Pulverizers for Every Use 

The Williams Patent Crusher & Pulverizer Com¬ 
pany are the originators and inventors of the 
Hinged Hammer Principle and build over 300 types 
and sizes of crushers and pulverizers. Prices, 
printed matter and suggestions on the proper equip¬ 
ment for your work gladly submitted. You are also 
invited to take advantage of the Williams Engi¬ 
neering Department. 

Complete Plants 

Complete plants designed, erected and equipped 
for the crushing and pulverizing of any material. 
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ORE DRESSING MACHINERY. WORTHINGTON PUMP & MACHINERY CORPORATION. 


Wortliington Pump and Machinery Corporation 

< Executive Offices 

115 Broadway, NEW YORK 






For List of Works and Offices, See Page 493 

Ore Dressing and Milling Equipment 


Products 

Jaw Crushers; Gyratory Crushers; Cylindrical 
Mills; Tube Mills; Screens; Stamp Mills; Sampling 
Devices; Log Washers; Rolls; Jigs; Pumps for all 
purposes. For other products see Pages 165, 166, 
167, 176, 463, 493 and 741. 

Superior. Jhw Crushers 

Made in sizes from 7" x 10" to 84" x 66", with 
either cast steel or semi-steel frame, reinforced 
with forged steel rods. 


issEiff ,, 







' --' 5 ^ ‘ 





Log Washers 

Worthington can furnish these machines of 
diameters to meet the conditions of the particular 
case. The standard machines are about 25 feet 



Jaw Crusher 

Gyratory Crushers 

Made in the Superior McCully type with feed 
openings from 8" to 72", and in Standard McCully 
from No. 1 to No. 11 inclusive. See page 363 in 
Open Cut Section for illustration. 

Cylindrical Mills 

Worthington makes Ball Mills in all diameters 
and lengths with any tjrpe of lining or drive. 

Tube Mills can be furnished in any diameter 
or length and for any drive desired. 


26-F'oot Log Washer 

long, 4 feet wide, with sides from 20 inches at the 
upper end to 36 inches at the lower end. 

Sampling Devices 

Worthington is prepared to furnish Sampling 
Devices of all kinds. 

Rolls 

Worthington makes Rolls in Garfield, Superior 
and Simplex types, in sizes from 12" to 78" in 
diameter, with various widths of 
face, according to the conditions, 
and with pulleys either of 
the flywheel or standard 
type. 





7' X 10' Mill, Direct Drive 

Rod Mills are made in diameters and lengths to 
suit conditions. 

Reyolving Screens can be furnished for either 
dry or wet screening, in diameters from 24" to 84". 

SECTION XVII 


Worthing¬ 
ton makes a 

complete line of Woodbury 
Jigs with iron hutches and 
with any desired number 

of compartments. Three-Compartment Wood- 

Also a full line of bury Jlgrelngr Unit 
Hartz Jigs, with either wood or iron hutches. 
Pumps 

Of all types, steam, power, centrifugal, and also 
the “Antisell” Acid Pump, which is used with very 
active acids, being lead lined with open "boot” sec¬ 
tion that is suitable for heads up to 50 feet. 
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THE BRAUN CORPORATION. _ GRINDING MACHINERY, ^27 

THE BRAUN CORPORATION 

LOS ANGELES, CALIFORNIA, U. S. A. 

San Francisco House: BRAUN-KNBCHT-HBIMANN-COMPANY 

Manufacturers of Grinding Machinery 


Herman Screening: Ball Mill 

The Herman Screening Ball Mill is the latest 
modem scientific development in grinding ma¬ 
chinery. Worthily constructed—^thoroughly tested 
—and can be d^ended upon to give continuous day 
in and day out service. Positively will not clog. 



Herman Screening: Ball Mill (Patented March, 1916) 


The shell of the Herman Mill is composed regu¬ 
larly of three parts: Innermost is a sectional lining 
of reversed grizzly grids of Manganese Steel, sur¬ 
rounding the grids is a punched metal screen of 
3/16" boiler sheet in two sections carefully rolled 
to correct circle, providing a smooth exterior sur¬ 
face, which is encircled by the fine or finishing 
screen, provided with end pull take-ups. Heavy 


felt gaskets under the end bands keep the mill 
leak-proof, so that discharge is confined solely to 
the meshes of the screen. There is no oversize in 
the Herman discharge. 

Uses 

The Herman Screening Ball Mill has a wide 
application for either wet or dry grinding, for re¬ 
ducing ores for amalgamation, cyanidation, flota¬ 
tion, concentration, etc. It grinds uniformly. Its 
industrial uses are wide, in fact, wherever there is 
grinding to be done, and the material is of such a 
nature as to allow screening, the Herman mill is 
the most economical and efficient machine. 

A test plant is maintained in Los Angeles, Cali¬ 
fornia, where actual tests at any required mesh 
can be made. 

Ball wear on grinding quartz to 40-mesh slot, 
previously crushed to was found to be two- 
thirds pound per ton of 2000 pounds. Lining wear 
on above duty, less than 1 ounce per ton. Screens 
wear from 30 to 90 days under varying conditions. 

Special Mills 

For pottery and allied trades where products 
must be ground iron free, the Herman Ball Mills 
are made with porcelain linings, preserving the 
peripheral discharge feature. 

The Herman Mills may also be sectionalized for 
mule-back transportation, where the heaviest 
piece can be made to any desired weight. Prices 
on application. 


TKB SaBBBV AVAZVSIB 

The following screen analysis shows comi>arative results with an enclosed ball mill and the Herman Screening Ball Mill, 
working on the same material where the product required was minus 36 mesh. 
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150 

200 

Through 

200 

End Discharge Ball Mill. 

Merman Ball Mill Discharge. 

1 .0% 

0 % 

2.4% 

0 % 

1 

6 .2% 

0 % 

1 1 

19.6% 

1 

11 .8% 

0 % 

10 .6% 

0 % 

8 .8% 

30.0% 

1 

8.4% 
20 .1% 1 

7.4% 1 

14.8% 

1 

6 .0% 

1 

10 .2% 

6 .0% 

7.4% 

1 

23.8% 

17.6% 



A corresponding superiority of the Herman Mill Is shown at coarser or finer meshes. 


TABXiS OF DSTAU8 FOB STAHDABD KBBXAH BGBBBBXHO BAU MZZAB 

Power listed is for mill alone. Surplus power for auxiliaries must be allowed for extra. Capacities given below are 
based on feed. 


Capacity In tons to 40 mesh slot in 24 hrs. 

8 * 

10 

20 

40 

70 

110 

110 

226 

Shell length, feet. 

1 % 

1 ^ 

2 % 

2 % 

2 ^ 


4 

6 

Shell diameter, feet. 

2 

3 

3 

r 

5 

r 

6 

6 

M. P. to start. 

2 

5 

8 

15 

20 

40 

40 

80 

M. P. to operate. 

2 

3 

5 

10 

15 

26 

26 

60 

Speed, r. p. m. 

36 

30 

30 

26 

24 

22 

24 

22 

T. & L. pulley size, inches. 

1 42x6 1 

20 x6 

1 20x6 

40x6 

40x10 

60x12 

60x12 

72x12 

Approximate weight of ball charge, pounds 

1 400 1 

1 900 

1 1800 

3200 

5000 1 

7200 

1 7200 

14,400 

Shipping weight, pounds. 

1 1400 1 

1 2400 

1 3000 

4500 

6500 1 

8000 ^ 

1 8000 

1 12,000 

Code Name . 

1 MILOK 1 

MILUB 

MILOC 

MILET 

MILTS 

MTLED 

1 milac 

MILAP 

Bacb, without balls. 

1 $400.00 

1 $800.00 

$1100.00 

$1600.00 1 

1 $2100.00 

$2700.00 

1 $2700.00 

1 $4000.00 

Renewal Parts . 

1 



1 

1 1 

1 

1 1 


Manganese Steel Grids. 

1 $100.00 

1 $160.00 

$250.00 

$350.00 

1 $500.00 

$750.00 

1 $876.00 

1 $1400.00 

Chrome Alloy Head Liners. 

' $100.00 1 

1 $160.00 1 

$150.00 1 

$300.00 

1 $500.00 
! 

$760.00 

1 

1 $500.00 

j $750^00 


♦Pulley drive only. 


mining catalog 


SECTION XVII 


Digitized by 


Google 


































HARDIN6E COMPANY. 


02^ GRINDING MACHINERY. 

HARDINGE COMPANY 

120 Broadway, NEW YORK 

J5ALT LAKE CITY, UTAH.Newhouse Building Works 

LONDON, ENGLAND... .11-13 Southampton Row YORK, PA. ERITH, ENGLAND 

Conical Ball and Pebble Mills 

Products of the discharge cone. (D) Wear is greatly re- 


Manufacturers of the Hardinge Conical Ball and 
Pebble Mill for grinding and pulverizing. Engi¬ 
neers for design and construction of metallurgical 
and industrial plants. 

Uses 

The Hardinge Conical Mill grinds both wet and 
dry ores for metallurgical processes and materials 
for industrial uses, from a maximum size of three 
inches to a product of any degree of fineness. Some 
of the materials ground are: 

Gold Ores Silica Coal 

Silver Ores Barytes Cement Clinker 

Copper Ores Pig^ments Limestone 

Lead Ores Mica Phosphate Rock 

Zinc Ores Sulphur Feldspar 

Timgsten Ores Foundry Waste Carborundum 

Principle of Operation 

The Hardinge Conical Mill operates on the prin¬ 
ciple of multiplicity of grinding bodies rotated in 
a conical drum, lliese bodies, in dropping, crush 
and grind the material passing through the mill. In 
the conical mill there exists the logical law of pul¬ 
verization, i. e., in stages. The large material on 
entering the mill is crushed by the large balls or 
pebbles which always remain near the feed end 
(largest number), due to the classifying action of 
the cone, and as this partially reduced material 



How Balls Segrregate During: Operation of a Hardlngre 
Conical Mill 

travels forward it is further ground by the smaller 
grinding media, and so on until it is discharged at 
the apex of the cone. The effect of such an action is 
to proportion the energy to the work required, or in 
other words, “Use a sledge hammer to drive a 
spike and a tack hammer to drive a tack.” To grind 
f^e material with large balls or pebbles is a waste 
of energy and to try to crush large feed with small 
grinding media is futile. This latter action does 
occur where no natural segregation exists, as in 
the conical nrill. 

The net result of this principle is: (A) Action 
within the conical mill in proportioning the energy 
to the work performed saves power. (B) A greater 
range of grinding is made possible as different sizes 
are roughly segregated and do not interfere with 
one another. (C) The capacity of a given size of 
unit is increased since the ground material is 
actually forced forward by the classifying effect 


duced, as less grinding media are required to effect 
a given production, and those that are used do 
effective work, which saves the lining as well. 
(E) The conical shape insures extreme rigidity and 
simplicity of construction. Mechanical troubles 
during operation are almost unknown. Labor costs 
are next to nothing. 



Sixty-Four 8 Ft. Diameter Hardinge Conical Mills Operated 
By Two Men Per Shift 

Application to Metallurgical Processes 

Table Concentration—^Product where minimum 
of fines is desired, ranging in fineness between 16 
and 35 mesh. 

Flotation—^Product desired where ore is ground 
so that maximum amount of mineral is freed from 
gangue, ranging in fineness from 48 to 100 mesh. 

Cyanidation—Product desired where ore is 
ground as fine as is consistent with economical 
operation. Fineness ranges between 100 and 200 
mesh. 

Amalgamation—Product desired where fineness 
ranges between 35 and 100 mesh. 

Pulverized Fuel—Product desired for burning, 
where a maximum of fines is desired, usually from 
80 to 95 per cent, passing 200 mesh. 

Application to Industrial Processes 

Most industrial requirements call for noaterial 
to be ground dry. Where a closely sized product 
is desired, vibrating screens or air separators are 
used in closed circuit with the mill, making a very 
satisfactory self-contained unit, free from exces¬ 
sive wear, which is so often prevalent in other 
methods employed in this field. 

Information Required 

1. Name and address. 

2. Character of material. 

3. Grinding capacity in tons per hour. 

4. Maximum size to be fed Hardinge Mill. 

5. Fineness of product desired. 

6. Grinding wet or dry. 

7. Subsequent process. 
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HARDIN6E COMPANY 


GRINDING MACHINERY, C 



The capacities shown are based upon ores of mediiim The capacities shown are based upon ores of medium 
hardness. Since every ore varies in its resistance to gn^nd- hardness. Since every ore varies in the resistance to grind¬ 
ing, the capacities under a given condition will likewise vary, ing, the capacities under a g^iven condition will likewise vary. 
Therefore, this table must be considered as an approximation. Therefore, this table must be considered as an approximation. 

a>svBBA£ DiMBirazoira 07 oonoax 

The Standard Ball Mill is of Type Construction 



9^-8%'^ 

10 '- 2 '' 

10 '- 2 '' 


OSVBBA^ Dzmarazoira of HAJUDXVOS PSBBUI WTT;T.g 

The Small Standard Pebble Mills are of Type **B’* Construction. While the Largre Standard Pebble Mills 

are of Type **A" Construction 

TY7B’‘**B’' mWllllll MZZAB 


N 

SlseorUftlB 

Bevinf 


10" PlUL 

11%'' 

13" 

18%" 

28" ** 

15" 

23" *• 
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ORE REDUCTION MACHINERY, 


JOSHUA HENDY IRON WORKS. 


JOSHUA HENDY IRON WORKS 


ESTABLISHED 1866 






/MlNINO MACMINE 


General Office 

75 Fremont Street, SAN FRANCISCO, CALIFORNIA 
Works—Sunnyvale, Santa Clara Co., California, U. S. A. 
Manufacturers of 

Mining and Ore Reduction Machinery 

Contractors for the design and construction of complete plants 


Products 

Stamp Mills, Ball Mills, Rod Mills, Tube Mills, Centrifugal Mills, Crushing Rolls, Ore Dressing Machinery, Oil Flotation 
Machinery, Jaw and Roller t^es of Ore and Rock Breakers, Ore Concentrators, Rotarv Kilns and Ore Dryers, Involving 
Screens for every purpose. Log Washers, Jigs, Feeders, Conveyors and Elevators, Quick-silver Furnaces, Quick-silver 
Retorts, Etc., Etc. For other products see pages 360, 401, 628, 529, 631. 



“Pioneer” 

Mill 


HENDY QUARTZ STAMP MILLS 
With Single and Triple Discharge Mortars 

The “Pioneer” Mill 

Two-Stamp, Self-Contained Iron and Steel 
Mill for Prospectors, Assayers or Colleges. 

Compact crushing unit having single issue 
mortar and two stamps; for prospecting and 
Assay Offices where mill tests are desired and 
for economically reducing high grade ore in 
small quantities. 

Preferable to large mills for demonstrations 
in Schools and Colleges on account of its 
greater convenience for analytical or class 
observation. 

Weight of Mill.2900 lbs. 

Weight of Stamps.300 lbs. 

Capacity.300 lbs. per hour 

Power Required.Less than 2 H. P. 

Code Word.KOPERIG 


The “Crescent” Mill 

A Two-Stamp Quartz Mill having a 
single Elliptical Discharge, with En¬ 
larged Screen Area. Popular because 
of its simplicity. 

Cast or Chrome Steel Cams, Tap¬ 
pets, Bossheads, Shoes and Dies, Steel 
Stems, Patent Guides, Sugar Kne 
Built-up Battery Pulley, Steel Cam¬ 
shaft, Heavy Boxes, Stem-feed-Collar, 
Jackshaft, Boxes and Fingers. 

Battery Frame made of well-sea¬ 
soned Oregon Pine bolted to mortar. 
Guide Girts are mortised and tenoned 
and bolted to insure rigidity and com¬ 
pactness. 

Weight of Stamps.680 lbs, each 

Total Shipping Weight.8,100 lbs. 

Heaviest Single Piece. 1250 lbs. 

Power Required.5 H. P. 

Code Word.KOPERKIES 



■‘Crescent^’ Mill 



Hendy’s Two- 
Stamp Mill 
(Triple Dis¬ 
charge Mortar) 

SECTION XVII 



Ten-Stamp Battery 


Five-Stamp Batteries 

A Ten-Stamp Battery on 
concrete mortar blocks, having 
a back-knee frame, which is 
‘less costly, simpler and more 
sensible than the earlier “A” 
type frames. The ore bin 
forms an effective anchor for 
the battery frame proper, sit¬ 
ting on the back-knee beam, 
eliminating any front bracing. 
They may have angle or flat 
bottom, according to the pur¬ 
chaser’s ideas. 

We furnish designs and in¬ 
struction to purchasers, when 
required, as to the construc¬ 
tion of mortar blocks. These 
are unaffected by climatic 


Mounted on Concrete Mortar conditions, do not decay, and 
^ should last a lifetime. 

Four-Post Type of Battery 

Advantages offset greater cost. Comparative immunity 
from broken cam-shaft; half the usual strain on the cam¬ 
shaft, due to the position of the pulley 
between the two batteries. We recom¬ 
mend its use in preference to any 
other type of frame. 

Sectionalized Mortars 

Built with the utmost care and at¬ 
tention. Each part weighs less than 
300 lbs. Height over all, 4 ft. 4 in. 



Four-Post Type of 
Battery 


Hendy Original Two-Stamp Mill 

Triple discharge Mortar. The Original 
Two-Stamp Mill having 850 and 1000 lb. 
stamps, of which more than 1000 have 
been sold since 1895. Small enough for a 
prospecting mill; substantial in design; 
capacity sufficient to warrant installation 
in a battery of two or three units for per¬ 
manent work for a small mine. Equivalent 
in all details of design to our standard 
mills. Can be made as profitable as mills 
of five or more stamps. 

Combined area of three outlets—60 
square inches—more than the average of 
standard five-stamp mortars. 

Capacity, using 1000 lb. stamps, 1" to 
1^" feed, 4 to 6 tons per stamp per 24- 
hour day. 

Power required, 5 to 6 H. P. 

Code Word—KOPERKLEUR. 




Hendy’.s Two- 
Stamp Mill. 
Same as 
shown to left 
but built in 
sec t ions 


Sectionalized Battery 
Mortar 

Feed Opening, bhi in. wide, 28 in. long. 

Fitted with a complete set of inside 
liners, including feed opening liner, dis¬ 
charge liner and back and two end liners. 

Approximate shipping weights: Mortar, 
for wood-block foundation, 5,000 lbs.; Mor¬ 
tar for concrete block foundation, 6,250 lbs. 

Hendy Original Two-Stamp Mill Built in 
Sections 

For Mountain Transport. Built in sec¬ 
tions, so that the heaviest piece does not 
exceed 300 lbs. in weight, except the stems, 
which weigh about 350 lbs., and the cam¬ 
shaft, which is 5 in. in diameter by 5 ft, 
2^ in. long, and weighs 345 lbs. Frame is 
usually hewn from rough timber obtained 
locally. When desired the cam-shaft can be 
made “sectional” in halves at additional cost. 

Code Word—KOPERMOLEN. 
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JOSHUA HENDY IRON WORKS. 


ORE AND ROCK BREAKERS. 


'*Hercules-Blake” Rock or 
Ore Crusher—(Type B) Sectional View 

««KBB0U£B8-BUXS’* GBXniBJnB—4iPBqzrZOATZOV8 


“Dodfire’* Ore and Rock Breaker Sectional View 

Dodff# Ornshers 

Intended for finer and more uniform crushing. Steel shoes 
dies and cheek plates; also tight and loose pulleys. Ratec 
capacity based on 1%-inch opening. ~ 


No. 1 

1 1 

No. 2 1 

No. 3 1 

No. 4 

Size of Jaw Opening, In. . .1 

6x7 H 

7x9 1 

1 8 x12 1 

10x16 - 

Capacity, Tons per Hr.... 

3 

4 

1 6 

^2 1 

Horsepower .( 

4 

5 

1 8 


Welght,HeaviestPiece, Lbs. | 

310 

435 

1 600 ' 

1310 II 

Total Weight, Lbs.I 

2700 

3500 

1 5860 

1 10,200 Eli 




•■Roller'* Jaw Crusher 


Sectional View 


“Hercules-Blake” Special Crusher 
(Type B) 

Built for extra heavy duty 


Sectional. Interlock¬ 
ing, interchangeable, 
adjusting die and 
shoe; toggle seat and 
shear toggle. 


**Boll#r** Jaw Crnsliers 

The above illustrates our design and make of the “Roller” 
Jaw Crusher. Its principal advantage is its adaptability for 
w'orking wet or sticky ores, or where fine crushing is desired. 
The movable jaw to Which is attached the shoe is mounted 
upon a revolving eccentric shaft. The ore being crushed be¬ 
tween the shoe and revolving die. causes the die to make a 
slight forward movement at each stroke; backward movement 
is prevented by a roller placed between the roll die and the 
frame. Arrangement is made for setting up shoe as it wears, 
or for fine crushing. A scraper, cleaning the entire width of 
roll, Is regulated by a lever and weight. Double fly wheels are 
used, fitted with slipping keys; also tight and loose pulleys. 



BaU KUls 

Siaes 2*-3*-4*-5*-6'-7' diuneten. Leoftbs: Va- 
riooB to suit conditions. Construction: Boiler plate shell, 
lead-steel beads. Cut spur or Herringbone gears. Sapid 
discharge bead; chrome steel liners. 


Tube BUUs 

Sizes 3'-4'-5'-6*. Lengths: Various to suit conditions. 
Construction: Boiler plate shell, semi-steel beads. Cut spur 
or Herringbone gears. Rapid discharge head; chrome steel 
liners 


Rod Mills 

Sizes 4'-5'-0'. Construction: Cast shell, cut spur 
or Herringbone gears, steel liners. Advantages: A balanced 
mill, resulting in low horse power consumption. Capacity: 
About 50% more per horse power input orer any other 
t 3 rpe of ore grinding mill. Grinds wet or dry. Feeds either 
or both ends. Discharges peripherally on both ends. 





Crushing Rolls, Class “B** 

BPBCZPZCATZOHS CBA88 


Crushing Rolls, Class "A” 

CBA88 GBXniKZHa BOX.X.8 


Clam 

1 

No. 

Size of 
Rolls 

Size of 
Rigid Rnll 

Size 
Adjust¬ 
able Rnll 

Weight 

Toul 

Weight 

Capacity” 
in Tons 

Her. 

1 

1 


Dia.Widtb 
Inches | 

Pulley Ins. 

Pulley 

Inches 

Piece 

Pounds 

Weight 

Pounds 

BxUa 

Pounds 

Te to? 
Mesh 

Minute Required 

A 

Ebur.' 

1 

20x 8 

60x 8 

30x 6 

1015 

6,700 

175 

1 to 5 

100-160 3 to 6 

A 

Edax. 

' 2 

! 20x12 

60x101 

30x 8 

1050 

7,100 

175 1 

1% to 6 

100-150 4 to 8 

B 

Edent 

1 3 

1 27x12 

60x12 

30x 8 

2200 

12,000 

1 175 

2 to 7 

75 to 126 6 to 10 


Edible 

4 

' 30x14 

72x12 

36x 8 

2500 1 

14,000 

175 1 

2 H to 8 

65 to 85 8 to 15 

3 

ilEdin 

5 

36x16 

84x16 1 

42x10 

7000 1 

24,000 

175 1 

3 to 9 

50 to 76 10 to 20 


tt 


Crushing Rolls for Fine Grinding 
*<SPECIAL“ RE-CRUSHING ROLLS—SPECIFICATIONS 

Number .10 

Size . 16x10 

Size or Drirlng Pulleys.36x8 

Weight of Hearlest Piece.550 

Total Weight .3400 

Capacity in Tons per Hr. 4 to 40 Mesh.1^—2 

Berolutions .150-200 

Horsepower Reouired .3 to 6 

Length, 5*8"; Width. 4*1"; Height abore base 2*3". 

Code Word: EDISMA—Fitted with steel shells turned 
on face. EDITUS—Fitted with chilled iron shells ground 
on face. KKHAT—Fitted with chilled iron ahellz not 
groond on face. 





Hydraulic 

Classifier 

MINING CATALOG 


Vezin 

Sampler 


Clean-up 

Pan 


Clean-up 

Barrel 


Berdan 

Pan 
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ORE DRESSING MACHINERY 


THE MINE & SMELTER SUPPLY CO. 


THE MINE & SMELTER SUPPLY CO. 

DENVER SALT LAKE SAN FRANCISCO EL PASO 

42 Broadway. NEW YORK CITY 

Ore Dressing and Milling Machinery; Mining Machinery and Supplies 

Machinery. Apparatus. Scientific Instruments. Chemicals. Electrical Goods. 

General Supplies and Equipment 

Large Supply Depots at Denver. Salt Lake City. El Paso 

Complete bulletins published for each of the following principal products, in addition to large general catalogs of Mill 
Supplies, Electrical Goods, and Assayer’s and Laboratory Equipment and Supplies. 


PRODUCTS 

Sole manufacturers of the Wilfley Concentrat¬ 
ing Table, Marcy Ball Mill and Marcy Roller Mill. 

Selling agents for Dourte Valveless Pumps, 
Sand Pumps. Heusser Balances, Samson Lab¬ 
oratory Crushers, Massco Clay Goods and Fur¬ 
naces, Pierce Amalgamators, Murray Corliss En¬ 
gines, Murray Water Tube and Internal Feed 
Boilers, H.S.B.W. Cochran Corporation Open Type 
Feed Water Heaters and Water Systems, Erie Ball 
Engines. 

THE WILFLEY TABLE FOR CONCENTRATION 

More than 23,000 Wilfley Concentrating Tables in use in 
the largest plants all over the world testify to the enormous 
success and deserved popularity of this table. 

The table is a mecnanically operated end-wise reciprocat¬ 
ing table consisting of a self-oiling enclosed type of head 
motion, a deck having a plain surface partly riffled and 
partly unriffled and an understructure and tilting device. 

It separates the heavy and the light grains of material 
into bands: it handles the flnest slimes or the coarsest sands 
with excellent results; it is capable of dressing any ore or 
material subject to concentration. 

Recommendations as to Uses 

The following are a few of the concentration operations 
in which the Wilfley Concentrating Table has proved its 
superiority: 

1. Before or after flotation units for the recovery of 
coarse mineral not readily recovered by flotation. 

2. As pilot tables following flotation machines as an 
indicator to the operator as to the efflciency of each flota¬ 
tion unit, and for the recovery of valuable mineral when 
the flotation unit is not working at a high recovery of min¬ 
eral. Wilfleys used as pilot tables give the operator instant 
warning of inefficient flotation operation. 


3. For two or more mineral 
separation from flotation concen 
trate, previous table concentra 
tion, or from original 
table feed. 

4. For efficient con 
centration of low 
grade mineral 
feeds to produce a 
high grade con 
centrate f c 
metallurgical 
treatment and 
a tailings to 
waste. 





A Wilfley In Action 

5. For concentrating a middlings feed producing a high 
grade concentrate and a middlings for reg^rinding. 

6. For the concentration of mineral feeds of low spe¬ 
cific gravity, such as graphite, molybdenum, etc. 

7. For the recovery of metallics, etc., from refuse in 
brass foundries, cyanide plants, assay offices, and remelting 
and casting works. 

8. As a means of controlling classification in milling 
plants under certain conditions. 

9. For the washing and cleaning of inferior coals, 
iron ores, etc. 


WnnST DATA 


No. 6 . 15-50 

No. 6 Special. 10-40 

No. 9 . 20-80 

No. ll-D, Type 6. 15-50 

No. 12 . 5-15 

No. 13 . 2 

No. 14 . 15-50 


240-290 

240-290 

235-250 

240-290 

240-290 

300-375 

240-290 



Cu. Dim. 
Pkd. for 
Export, 

Cu. Ft. 

Weight 
Heaviest Piece 
or Pieces 
Packed for 
Export 

Stroke in 
Inches 

141.7 

836 


130 

676 


180 

1130 


127 

850 


97 

300 

%-l 

10 

220 


159 

890 

%-l 



MARCY ROLLER MILLS 


The Marcy Roller Mill will take a 1-inch crusher feed and 
in one pass of the mill will produce a very uniform product 
of 8,10,14 or 20 mesh, so essential for good table extraction. 
For grinding for flotation, cyanidation, amalgamation, etc., 
where finer grinding is desired the mill should be operated 
in closed circuit. This machine is especially desirable for 
regrinding work. The Marcy Roller Mill is a very efficient 
grinding machine either wet or dry. 


To get the best grinding results from rods it is well 
recogrnized that we must have: 

1. A heavy, slowly revolving rod mass. 

2. A low pulp line or a small amount of pulp in the milL 

3. A practical way to remove broken rods worn as 
small as % 

The Marcy Roller Mill is made to meet these operating 
conditions. It is built along good engineering lines and 
particular attention has been given to t£e strength and the 
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wearing qualities of the material used. It has an open end 
feature, by means of which a low pulp line is maintained 
and through which the rods can be removed and any new 
ones replaced with ease. All relining is done through the 
big opening in the discharge head of the mill. It is so de¬ 
signed that rods stay in the mill. 



Marcy Roller Mill with Discharge Door Open 


Finished pulp in a mill or ore which has been reduced 
to the required fineness should be discharged at once, other¬ 
wise the force of the rod mass is cushioned by the finished 
material in the mill. The low pulp line in the Marcy Roller 
Mill induces the rapid removal of finished product and also 
permits the carrying of a thick pulp, whereby the rods and 
liners are coated with particles of material which assist the 
contact that produces efficient grinding and greatly in¬ 
creases the capacity, since the rods work on thin layers of 
thick pulp. TTie Marcy Roller Mill does the greater part 
of its grinding by attrition instead of impact and for that 
reason a grinding medium of low cost can be used. Because 
of the door feature at the discharge end, examination can 
be made at any time of the interior conditions, and thus the 
grinding medium is kept at its highest point of efficiency. 
The Marcy Roller Mill is an investment that gives high re¬ 
turns because of low operating costs and large capacity. 


MABCT BOUSS MXBX. 8ZSB8 


Sizest 

Usual 
Charge 
Tons Rod 

Horse 
Power 
to Run 

Size 
Motor* 
Recom¬ 
mended 
H. P. 

R.P.M. 

Mill 

Approx. 
Shipping 
Wt. Lbs. 

3'x 6' 

2 -2% 

16-18 

20 

30 

21,000 

8 'x 8' 

3-4 

24-28 

30 

30 

26,000 

4'x 8' 

6-7 

46-60 

50 

26 

40,000 

4'xlO' 

8-9 

66-60 

60 

26 

44,000 

6 'xlO' 

12-13 

95-100 

100 

20 

80,000 

6 'xl2' 

14-16 

116-120 

125 

20 

90,000 

6 'xl2' 

18-19 

140-160 

150 

1 17 

110,000 

12''x24'' 

Laboratory 

300 lbs. 


1% H.P. 

35 

1,100 


tOther sizes to meet special conditions. 

•A high starting torque motor recommended. 


Marcy Roller Mills are manufactured in sizes having ca¬ 
pacities from 20 to 1200 tons each per 24 hours depending 
upon size of feed, hardness of feed, size of finished product. 

THE MARCY BALL MILL 

The Marcy Ball Mill, which will take a 2%" feed, is a wet 
or dry crushing ball mill having almost the entire discharge 
end fitted with grates. Between the grate and the end of the 
mill there are arranged lifters which act as a pump to lift the 
product so it will be discharged through the discharge trun¬ 
nion of the mill. In wet crushing the water and feed enter the 
mill through the feed trunnion, consequently there is a dif¬ 
ference in elevation between the feed as it enters the mill and 
the point of discharge through the grate. The water, there¬ 
fore, causes a sltdcing action which quickly carries the fines 
and slimes through the grate, then to the lifters and out 
through the trunnion or discharge end of the mill. This 
meth<^ of operation relieves the mill of a bulky mass of pulp 
and causes the fines to migrate faster than the coarse par¬ 
ticles. It also increases the relative weight of the balls that 
would otherwise be under the influence of the buoyant effect 
of the pulp. 


The product of the Marcy Mill is nearly non-selective. 
By non-selective is meant a product in which the mineral 
has not been subjected to a classifying action, nor has it be¬ 
come over-crush^ as compared with the gangue. Whereas, 
in the operation of all classes of oversow trunnion dis¬ 
charge mills, there is a vertical gravity classification of the 
mineral from the gangue. That is, the mineral being 
heavier, is carried lower or next to the periphery and conse¬ 
quently ground into undesirable product. 

Advantasres of the Marcy Ball Mill 

1. Large balls will break large rock, but with the first 
blows many sizes are made including the finest of slimes. 
By removing the product as fast as made, you have graded 
crushing and gain in efficiency. This is accomplished by 
the sluicing.action of the water, low discharge point and the 
lifters back of the grates. 

2. Marcy Ball Mills are charged with many sizes of 
balls and with the entrance of coarse feed to the mill it is 
soon a revolving mass, heavy, flexible and compact, in which 
all the interstices are filled. Under these conditions, the max¬ 
imum abrasion and crushing takes place. The voids between 
the balls are filled with the coarse ore which is essential 
for maximum efficiency; coarse sizes help to g^rind the finer 
sizes. This condition is maintained in this machine because 
it operates about % or % full of thick pulp, having a 
consistency of about 25% to 30% water. The liners and balls 
are covered with sands, thus, whenever there is moving con¬ 
tact, crushing results. 

3. The Marcy Mills, as stated, carry a small amount 
of pulp, which produces a rapid circulation, thus increasing 
efficiency. 



Largrest Ball Millingr Plant in the World 
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Size 

Mill 

Tons. 

24 Hrs. 

-8 

Mesh 

Tons 

24 Hrs. 
-20 
Mesh 

Tons 

24 Hrs. 
-36 
Mesh 

Tons 

24 Hrs. 
-48 
Mesh 

Tons 

24 Hrs. 
-66 
Mesh 

Tons 

24 Hrs. 
-100 
Mesh 

No. 32... 

20 

16 

12 

10 

7 

4 

No. 48... 

60 

38 

30 

26 

18 

11 

No. 64... 

90 

68 

52 

45 

82 

18 

No. 64%. 

800 

225 

180 

160 

106 

60 

No. 75... 

656 

490 

890 

825 

230 

ISO 

No. 86... 

1000 

760 

600 

600 

860 

200 


For very hard quartz, these capacities should be re¬ 
duced one-half; for soft porphyry, like the Nevada Consoli¬ 
dated ores, tonnage could be increased 100%. When the 
feed is finer than given above, the capacity will be increased 
somewhat, but not to the extent that one might expect. As 
an illustration, with medium hard porphyry, as given if the 
feed is—say %-inch with the fines removed, so that 90% is 
plus 48—if you crush this feed to pass 48 mesh, the capaci¬ 
ties given in the above tables will be increased about 10%. 
The amount of finished product in the feed has much to do 
with the capacity of the mill. Samples should be sent to 
our Engineering Department for their examination and 
advice. Care must be used in estimating tonnages. There 
is a big difference in capacity whether you crush through 
48 or 5% plus 48. Be accurate in discussing screen sizes. 
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Size 

No. 

Usual 
Wt. Ball 
Charge 

H.P. to 
Run 

Size Motor* 
Recom¬ 
mended 

H. P. 

Approx. 

Shipping 

Weight, 

Complete 

without 

Balls 

Cubical 

Measure¬ 

ments 

Packed 

Ocean 

Shipment 

32 

1000 

6-8 

10 

7500 

... 

43 

2600 

16-20 

20 

14600 

225 

64 

6000 

30-40 

40 

24000 

260 

64% 

9000 

66-90 

100 

42000 

600 

76 

18000 

100-160 

160 

76000 

660 

86 

28000 

160-225 

225 

100000 

700 


•A high starting torque motor Is recommended. 
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GRINDING BALLS. 


THE METAL SUPPLY COMPANY. 


THE METAL SUPPLY COMPANY 

2323 EAST 52ND STREET, LOS ANGELES, CALIFORNIA 



Smelters and Refiners 


XX GRINDING BALLS 


Our XX Grinding Balls are made of a superior grade of alloy steel and are guaranteed. 

/ 

Being made of alloy steel, they possess greater hardness and durability than balls made of 
cast iron. 


To one of our customers, a large mining company in the Southwest, we are indebted for the follow¬ 
ing information relative to the merits of XX Balls as applied to use in Ball Mills. 


Size of Feed. y% inch 

Size of Finished Product.All through 48 mesh 

Size of Balls Used.4" and 2" 

Ball Charge.34,000 pounds 

Ball consumption per ton of ore.2.293 pounds 


We are well equipped to supply XX Grinding Balls in any quantities in the following sizes: 2", 
3", 4" and 5". 


YOUR INQUIRIES SOLICITED. WRITE FOR FULL INFORMATION. 
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MIDWEST FORGE & STEEL CO. 


GRINDING BALLS AND LINERS, 


MIDWEST FORGE & STEEL CO. 

General Offices and Works 
21st and Belt Terminal Railroad 
P. O. Box No. 430 

EAST ST. LOUIS, ILLINOIS, U. S. A. 


Products 

Hammered Steel Bars, any shape and size. 

Hard Steel Grinding: and Crushing Balls. 

Wilson Shoes and Dies for Stamp Mills. 

Forged Steel Liner Plates for Ball and Tube 
MiUs. 

Hammered Steel Bars 

Made of the best quality “Midwest” Open 
Hearth Steel Forging Billets. 

Made in any shape—round, square, flat or spe¬ 
cial section. 


Hard Steel Balls 



We are in a position to furnish Hard Steel Balls 
in diameters of 3", 4" and 5" for use in Grinding 
and Crushing Machinery. 





Wilson Shoes and Dies for Stamp Mills 

Are forged from special high-grade Midwest 
steel, compressed in forms under enormous force, 
so as to give the greatest possible density, making 
them equally solid throughout. They are free from 
blow holes and porous places or soft spots. They 
never chip off or break. 



Made in any size—3" to 15" diameter and larger. 

Can be supplied in any quantity—carload lots 
or less. 


Inquiries solicited. 


Forged Steel Liner Plates for Ball and Tube Mills 

Your mill is no better than the plates YOU line 
it with. 


SEND US SKETCH OR BLUE PRINT OF LINER PLATES YOU ARE USING. 

WE CAN MANUFACTURE PLATES THAT DO NOT BREAK. 
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0Qg MANGANESE STEEL CASTINGS. 


PETTIBONE MULLIKEN CO. 


PETTIBONE MULLIKEN CO. 

725 Marquette Buildingt CHICAGO 
Manufacturers of 

Track Equipment for Steam Railways, Mines and Industrial Plants 

Manganese Steel Castings 


Products 

Manganese Steel Castings—Ball, Rod and Tube 
Mill Liners; Kominuter Plates; Crusher Jaw 
Plates; Concaves; Heads and Mantles; Chute 
Plates and Launder Liners; Screen Plates (blank 
and perforated); Grizzly Bars; Rollers and Sheaves 
for Wire Cables; Chain and Sprockets; Elevator 
Buckets; Gears and Pinions; Mine Car Wheels; 
Crane Wheels; Pulverizer Hammers and Grate 
Bars; Roll Shells; Mortar Liners; Pins and Bush¬ 
ings ; Steam Shovel Parts, etc. 

Track Equipment—Frogs; Crossings; Split 
Switches; Guard Rails; Switch Stands; Taper 
Rails; Rail Braces; Star Stands; Hub Stands; 
Transit Switches; Roller Rail Benders; Clamp 
Frogs. 



Mine Car Wheels 

We produce high grade Manganese Steel Cast¬ 
ings of a miscellaneous nature, the quality and 
workmanship of which is unsurpassed. 


Castings either in the^ rough or ^uratdy m^ 
chine ground can be furnished at prices which will 
show economy in their installation. 



% ' ^ ^ 4 « 



Kominuter Plates 


Machinery parts which are subjected to an 
abrasive action wear rapidly, as a rule, unless ni^e 
of Manganese Steel. The wear resisting qualities 
and the high tensile strength of Manganese render 



Elevator Buckets 


This alloy is made by the electric furnace 
process, heat treated by the best of modern appli¬ 
ances and carefully inspected before leaving our 
plant. 


it suitable for severe service, such as is encoun¬ 
tered in mining work. Break-downs or shut-downs 
for repairs are minimized in machinery equipped 
with Manganese Steel. 








SCULLIN STEEL CO. 


GRINDING BALLS, goy 



SCULLIN STEEL CO. 

6700 Manchester Ave., ST. LOUIS, MO. 

Forged Heat Treated Steel Balls 



Products 

Forged Steel Balls; Rods for Rod Mills; Angles; Beams; Billets; Channels; Rounds; Squares; Flats 
and Deformed Bars. 


FORGED 

STEEL 



HEAT TREATED 

BALLS 


Made of special quality Basic Open Hearth Steel to insure maxi¬ 
mum hardness, and heat treated to eliminate brittleness. 

Sizes: 1" -to 6" inclusive. 


Table of Weights and Dimensions of Tungssco Steel Balls 


Diameter 
of Ball 

Volume, 

Cubic Inches 

Surface, 

Square Inches 

Weight, Pounds 
Per BaU 

Number of Balls 
Per Net Ton 

1 " 

.6236 

3.1416 

.148 

13,600 

IV4" 

1.0227 

4.91 

.29 

6,900 

IV2" 

1.7671 

7.07 

.60 

4,000 

2 " 

4.1888 

12.67 

1.18 

1,696 

21/2" 

8.1813 

19.64 

2.32 

863 

3 " 

14.137 

28.27 

4.0 

600 

CO 

22.449 

38.48 

6.36 

316 

4 " 

33.610 

60.26 

9.6 

211 


47.713 

63.62 

13.6 

148 

5 " 

66.46 

1 

78.64 

18.6 

108 


We also manufacture RODS for Rod Mills. These rods are rolled from Basic Open Hearth Carbon 
or Alloy Steel. 


The product of our Rolling Mills consists of: 


Angles 

Billets 

Rounds 

Flats 

Beams 

Channels 

Squares 

Deformed Bars 

MIKING CATALOG 
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MILL MACHINERY. 


COLORADO IRON WORKS CO. 


COLORADO IRON WORKS CO. 

Main Office and Works, DENVER. COLORADO 

Branch Office, 30 Church St., NEW YORK 

Ore Milling Machinery and Smelting Equipment, Since 1860 


Concentration Plants 

The design, ^uipment, and erection of complete concentration plants has long formed a prominent 
part of our business, and the undivided responsibility thus imposed upon us has placed us in a position 
to relieve our customers of all doubt as to the successful operation of the mill when completed. 

Our line of concentration machinery stands in the very front rank; however, we do not limit the 
mills we design to equipment of our own manufacture, but embody in our plans the best obtainable 
whether of our own manufacture or not. Those intending to build concentration plants are invited to 
correspond with us. 


Ore Milling Machinery 

Our productions include practically every item 
required in the equipment of an up-to-date and 
efficient plant for the recovery of gold, silver, cop¬ 
per, lead or zinc by any of the modem methods of 
ore treatment. Inquiries are solicited. 

Crushers and Crushing Rolls 

Our Pamphlet No. 30-A illustrates and describes 
a full line of jaw crushers and crushing rolls em¬ 
bracing types and sizes suited to practically all 
requirements. 

Rod Mills, Ball Mills and Tube Mills 

Of superior design and construction embodying 
many valuable features are shown in Pamphlet 
No. 31-A. 

The Impact Screen 

How much that should go through a screen 
actually does go through? This is what is meant 
by screening efficiency, and this is where the Impact 
Screen shines. 

A peculiar jolt is given the ore as it passes over 
the Impact Screen; a jolt that is characteristic of 
this screen, and different from all others. 

Not a shaking screen in any sense. A dancing 
movement is imparted to the ore, keeping the 
meshes of the cloth open, and bringing the coarse 
to the top and fine to the bottom—^just the condi¬ 
tions for effi¬ 
cient work. 

All mill oper¬ 
ators know how 
concentration is 
improved by ac¬ 
curate sizing of 
the pulp. The 
maximum re¬ 
sults are ob¬ 
tainable by use 
of the Impact 
Screen, screen¬ 
ing either wet 

Tho Impact Screen Qji (Jfy, 

Ten years’ widespread use has emphasized its 
superiority, although many other screens have been 
brought out, some imitating its general appear¬ 
ance, others imitating its name. 

Thousands in use, mostly in concentration 
plants, but many in other industries. Send for 
Pamphlet 9-C. It tells all about the Impact Screen 
and gives some useful information about the cal¬ 
culation of screening efficiency. 
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The Akins Classifier 

With the Akins Classifier an extremely close 
separation of the slime is made without the addition 
of water to the pulp and without supervision on the 
part of the operator. 



The Akins Classitier, Standard Type 


In operation the thin pulp entering the feed box 
meets the slowly moving spiral, the heavier solids 
settle to the bottom of the trough and are gently 
advanced out of the surface of the bath toward the 
sand discharge end, the intermittent spiral permit¬ 
ting the contained moisture to flow back into the 
charge, the slow turning over of this sand washing 
the finest solids back and allowing the sand to dry 
or give up all moisture except that held by capillary 
attraction. The lighter solids suspended in the 
liquid flow over the weir into the collecting hopper, 
to the slime-launder. 

The point of separation between sand and slime 
is controlled by the pitch at which the classifier as 
a whole is placed and the speed of revolution of the 
spiral. The inclination is usually about 2V^ inches 
per foot, but may be somewhat more or less depend¬ 
ing upon whether the separation is to be made at 
60, 80 or 100-mesh or to deliver a slime product 
containing a maximum of minus 200-mesh solids. 
An extremely sharp separation can be made when 
necessary. 


suss or TKB Axnrs osassipibb, stahoabd txpb 


Diameter of 
Spiral. Inches 

Size of 
Pulley 

Speed 

R.P.M. 

1 Shipping 

1 Weight. Lbs. 

12 1 

! 24 X 2 

15 1 

250 

16 1 

1 14x2 

18 ! 

310 

24 1 

1 30X41/S 

15 

1400 

30 

30x4 Vj 

15 

2000 

36 

1 36x41^ 

15 

2600 

45 

36x4Mf 

28 

3600 

54 

48 X 6 

1 30 

6400 

60 

48 X 6 

30 

1 _ 

9100 


An excessive amount of slime in the sand 
product has a very adverse effect where a classifier 
works in closed circuit with a ball or tube mill. 
Here, any slime in the sand only serves to interfere 
with grinding efficiency and a consideration of the 
actual amount of slime repeatedly passed through 
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COLORADO IRON WORKS CO. _ MILL MACHINERY, 


the mill as a circulating load should forcefully 
demonstrate to all the importance of this classifier 
product. The Akins Classifier is notable for its 
clean sand product, and mills working in closed 
circuit with it show correspondingly high capacity. 


sms OF TKB Aznrs oibsssiFm, soBxasoas nps 


Diam. of 
Spiral Inches 

Size of Pulley 

Speed R.P.M. 

Shipping 

1 Weight, Lbs. 

36 j 

36x4% 

15 

3150 

45 

36x4% 

28 

4200 

54 

48 X 8 

30 

7000 


The standard type will make a close separation 
at 60, 80, or 100-mesh, but where a very clean 
slime, 90 to 96 per cent, minus 200-mesh, is the 
prime consideration we supply the Submerged 
type, which, by greater volume in the bath and 
increased length of overflow weir gives a finer and 
cleaner slime, at the same time producing the clean 
sand product, free from colloidal matter, which the 
standard type can be depended upon to make. 

Pamphlet 24-F gives full details about the Akins 
Classifier. 

The Akins Flotation Machine 

The illustration shows the five-cell Akins Flota¬ 
tion and Aeration Machine. 

It is built in sizes up to and including eight 
cells. The machine is designed along entirely novel 
lines, each cell containing a compartment which is 
sealed from the atmosphere by the pulp, within 
which is a rotor partly submerged. The rotor has 
spiral vanes, each of which as it rotates takes in a 
definite volume of air as it passes above the pulp 
level and a definite amount of pulp as it passes 
through the lower portion of its rotation. The air 
and pulp mix, and pass through a screen in the 
central portion of the rotor, below the surface of 
the pulp, this screen breaking up and further mix¬ 
ing the pulp and air. The air is admitted through 
a regulating valve in the top of the sealed com¬ 
partment. 



The Akins Flotation Machine 


The necessary air is admitted to the calls, inde¬ 
pendently of each other, under atmospheric pres¬ 
sure; the quantity admitted being under absolute 
control by the valve on top of each cell. 

Important features of the Akins Flotation Ma¬ 
chine are its simplicity and the very low jwwer re¬ 
quired to operate it, it having been found by careful 
meter tests that but one-half of one horse power is 
required per standard cell, and no power for the 
air, as this is drawn into the machine at atmos¬ 
pheric pressure by the revolving rotor which makes 
but 60 revolutions per minute. 


The machine is capable of extremely close regu¬ 
lation, this being accomplished mainly by control 
of the air admitted. Pamphlet 33 describes it. 

Dewatering Apparatus 

Table concentrates are being continuously de¬ 
watered in many of the most important plants by 
the Akins Classifier, and there is nothing better 
for the purpose. 

Where flotation concentrates are dealt with, the 
Portland Filter removes the excess water. (See 
the Cyanide Section of this catalogue.) 

Dewatered flotation concentrates are excessively 
sticky, making them very expensive to handle. An 
installation of Portland Filter and Lowden Dryer, 
so placed that the filter cake falls upon the dryer 
hearth, does away entirely with all handling of the 
material while in the sticky condition. Many such 
plants are in use and they are recognized as being 
the ideal solution of what was formerly a very 
vexing problem. Such an installation will pay 
handsomely in almost every case. Very often the 
saving in freight alone will return its cost in a 
short time, but the reduction in cost of storing, 
loading, unloading, and subsequent treatment fre¬ 
quently is much greater than the saving in cost of 
transportation. 

The Lowden Dryer 

The drying of flotation concentrates was a prob¬ 
lem for which no satisfactory solution was found 
prior to the development of the Lowden Dryer, but 
that this machine completely meets the require¬ 
ments is evidenced by the repeat orders received 
from pleased users, and the fact that it has become 
standard for that work. 

It operates in a manner totally unlike any other 
dryer of the hearth type, and it is just this differ¬ 
ence which has made it a complete success where 
others have failed. 



The Lowden Dryer 


The Lowden Dryer will handle any of those ex¬ 
tremely fine materials which form a sticky mass 
when wet, without interference by clogging or 
balling up, and without dust loss. 

The saving in dust loss over other machines will 
on many materials more than cover the whole cost 
of drying. Send for Pamphlet 32-A. 

Manganese and Chrome Steel Castings 

We are Selling Agents for the Queen City 
Manganese and Chrome Steel Castings for wear¬ 
ing parts of crushing and grinding machinery and 
other severe duty. 
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640 CONCENTRATING TABLES. 


THE DEISTER CONCENTRATOR CO. 


THE DEISTER CONCENTRATOR CO. 

FORT WAYNE, IND. 

Manufacturers of 

Concentrating Tables For Every Purpose 


Products 

Deister-Overstrom Diastmal-Deck concentrat- 
ing tables, Nos. 6, 8 and 11, riffled for either sand 
or slime treatment; No. 7 Diagonal-Deck Coal 
Washing Table; No. 9 Diagonal-Deck Rougher; No. 
10 Diagonal-Deck Iron Ore Tables with decks cov¬ 
ered with corrugated rubber and No. 14 Diagonal- 
Deck Jr. Table, one-third size. 

In the DEISTER-OVERSTROM DIAGONAL 
DECK t^e of concentrating table are embodied 
those principles of deck construction developed and 
perfected in the original Deister and Overstrom 
tables. 

Materials and Construction 

The Deister-Overstrom Diagonal-Deck Tables 
are comprised of four principal parts, with their 
necessary accessories: The deck, built of best 
^ade of material to be purchased in lumber and 
linoleum, and reciprocated on self-oiling bearings; 
the toting frame, built of structural steel; the 
main base—^the backbone of the table—^built of 9" 
steel channels; and, head motion of either the 
Deister or the Overstrom type, both self-oiling. 

The primary features of this construction are 
the Diagonal-Deck and the ‘^ool” riffling. By a 
combination of these in the treatment of any ore 
amenable to wet concentration, is obtained highest 
efficiency in extraction with a high ^ade concen¬ 
trate, small middling and a clean tail. 

High Extraction and Clean Tails are obtained: 
First, by the diagonal disposition, in line of travel 
naturally taken by the pulp, of the principal con¬ 
centrating section of the deck which insures the 
pulp being retained thereon for the longest pos¬ 
sible time. Second, ALL RIFFLES ARE PLACED 


PARALLEL TO THE LINE OF MOTION AND AT 
AN ANGLE TO THE TAILING DISCHARGE. 
This serves the advantage of deflected riffles with¬ 
out the whipping action and gives to the stratified 
mineral particles a free and unobstructed move¬ 
ment toward the concentrate edge of the table. 

High Grade concentrates are produced by the 
spreading out in a thin or shallow sheet of the 
concentrate bed, thus exposing ALL of the fine 
sand or silica to the action of the dressing water. 
This “spreading out” feature is of special advant¬ 
age in the producton of a two or more mineral 
concentrate (as in the case of a lead-zinc sepa^ 
tion) as it reduces to a. minimum the middling 
between two minerals by eliminating the trouble 
due to overlapping of the two kinds of concentrates. 

Small Middling product is maintained by reason 
of the non-congestion of the concentrates at the 
middling comer. The spreading out of the con¬ 
centrates, which thus prevents banking against the 
sand tails, enables all of the free mineral to come 
forward without interruption. 

Our ‘Tool” Riffling System, as at first used, is 
found on the Deister No. 1 and again on the No. 2 
sand tables. Its adaptation to the Ori^nal, and 
then to the Improved No. 3 Deister slimer, pro¬ 
duced the first reciprocated concentrating table 
with a higher efficiency in the recovery of the 
values in very fine slimes than could be obtained by 
the use of any type of vanner or other slime treat- 
ing device. The same idea in riffling was applied to 
the Deister Nos. 4 and 5 sand tables. 

Capacities 

The capacities of these various tables will de¬ 
pend upon the character of the feed, but will be 
found to be higher than any other machine manu¬ 
factured for the same purpose. 



Deister-Overstrom Diagonal Deck Table 

Write for our catalog. Our fully equipped testing plant is at your service. 
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DEISTER MACHINE COMPANY. 


CONCENTRATING MACHINERY. 


DEISTER MACHINE COMPANY 

East Wayne St.. FORT WAYNE, IND.. U. S. A. 


Manufacturers of 


PLAT- O Concentrating Tables and Classifiers 


Products 

Plat-0 Concentrating Tables. 

Our older type table, The Simplex, furnished 
on request. 

Deister Cone Baffle Classifier. 

Application 

Wherever ores or materials are amenable to 
the wet gravity method of separation, the Plat-0 
Table is applicable. Plat-0 Tables are used in 
concentrating all metalliferous ores and in washing 
coal, graphite, etc. 

Description 

The Plat-0 Table is built as ROUGHER, SAND 
TABLE or SLIME TABLE, and these three types 
are identically alike except in the riffling of the 
decks. The positive superiority of the Plat-O 
Table, both metallurgically and mechanically, over 
other makes of tables is almost universally known. 

THE PATENTED PLATEAU AND RIFFLING 
SYSTEM and the effective differential of the 
SELF-OILING HEADMOTION are responsible 


and thoroughly than it does with narrow cleat 
riffles. THE DIAGONAL DIVISION LINE BE¬ 
TWEEN MINERAL AND GANGUE IS CON¬ 
STANT ON THE PLAT-0 TABLE. THIS IS NOT 
TRUE OF OTHER MAKES OF TABLES. 

THE SELF-OILING HEADMOTION is scien¬ 
tifically designed and is very strong and rugged. 
The smooth, differential motion which it imparts 
to the table deck makes stratification of the feed 
rapid and i)Ositive. 

The Mechanical Advantages are the heavy, 
rugged headmotion which is strictly self-oiling and 
dust-proof, the large slipper bearings carrying tiie 
deck which are also self-oiling and dust-proof, and 
the unusually simple underconstruction. It is 
necessary to add oil to the machine only about 
twice per year. 

Tables shipped from our factory are complete, 
including covers and riffles attached. Linoleum 
covers and white pine riffles are used on the sand 
and the slime tables; whereas hardwood riffles are 
used on the roughing tables, and either linoleum 
or rubber covers can be furnished. 









i -S- 





Plat-O Table (Patented) 


for the metallurgical superiority. The Plateau is 
l<x»ted in the dressing zone of the deck and it 
consists of this zone being somewhat higher than 
the general stratifying or concentrating portion of 
the table deck. Intervening the Plateau and con¬ 
centrating portion of the deck there is located a 
so-called resistance plane along a diagonal line. 
TTie ends of the riffles are beveled on the under¬ 
neath side to conform to the slope of the resistance 
plane. The resistance plane forces a constant line 
of separation between mineral and gangue or 
refuse and values, and also makes possible the use 
of riffles of uniform height throughout their 
length, thereby INCREASING THE CAPACITY 
OF THE TABLE. The Patented Riffles are wide, 
flat strips of wood so spaced as to leave compara¬ 
tively narrow channels between the main riffles. 
This displacement feature of riffle allows the feed 
bed to spread rapidly and uniformly thin, thus 
allowing stratification to take place more quickly 

WRITE FOR 

MLNIMO CATALOG 


Capacities 

The capacity of the table is governed by the 
foUowing: mesh of feed; classified or unclassified 
feed; if classified, what method used; kind of min¬ 
eral in ore; percentage of total mineral in feed; 
and the ratio of concentration desired. 

When ordering tables the customer should give 
as much of this data as possible. 

The following list gives the approximate ca¬ 
pacity of each t 3 T)e of Plat-0 Table, treating either 
classified or unclassified feed: 

Rougher—^Feed through 3/16" screen, 50 to 80 
tons per 24 hours. 

Sand Table—^Feed 20 mesh and finer, 80 to 40 
tons per 24 hours. 

Slime Table—^Feed 60 mesh and finer, 20 to SO 
tons per 24 hours. 

In some cases our tables are handling much 
greater loads than those given above, but the fig¬ 
ures shown represent the average in each case. 
LITERATURE 
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g^2 MACHINERY. THE ALLEN CONE COMPANY. 

THE ALLEN CONE COMPANY 

ENGINEERS 
EL PASO. TEXAS 
Designers and Builders of 

Patented Classifiers, Dewaterers, Thickeners and Sand Washing Tanks 


Allen Sand Cone 

A Classifier, also used as a dewaterer. Unique 
as a classifier, in that the Automatic Float Control 
keeps the sand basin, in which the classification is 
made, at the same shape and at the same distance 
from the overflow lip, giving perfect classification, 
regardless of changes in the solids fed. 



Allen Sand Cone 


Will classify as coarse as plus and minus 16 
mesh, and as fine as plus and minus 200 mesh. 
Gives a clear overflow when used for dewatering 
table concentrates. 

Uses: In closed circuit with ball mill, dewater¬ 
ing table tailings for regrinding, classifying before 
concentrating tables, building tailings dams, etc. 
Especially adapted for closed circuit concentration. 
Used with Deflector is proof against accidental 
flooding, which would wash out a ball mill or 
destroy a tailings dam. May be fitted with Hy¬ 
draulic Water Device. Bulletin No. 22. 

Takes any feed up to 400 ppm. Spigots discharge from 10 
to 500 tons standard: special regrinding, 1000 and upw^ard per 
24 hours. Standard Sizes: 3'-6", 4'-6". G'-O'', S'-O'', diameter 
at overflow lip. Special designs for regrinding, for coarse 
classifleation and for heavy tonnages. 

Allen Sand Tank 

A special form of Allen Sand Cone, adapted to heavy 
water flows and large tonnages of solids. Designed espe¬ 
cially for sand washing and allied industries. Used princi¬ 
pally as a dewaterer, but also used as a classifler, and has a 
movable plate, called a Reduction Plate, by which the area 
is reduced so that coarser sand is thrown into the overflow. 
Special arrangements permit throwing sand as coarse as 
into the overflow. 

Uses: Washing and classifying concrete sand, increasing 
the modulus of fineness and decreasing the percentage of 
voids. Loads directly into cars and bins and builds stock 
piles. May be fitted with Hydraulic Water Device. Bulle¬ 
tin No. 23. 

Sizes: 4'-3", G'-O", 7'-0", and 8'-0". these being the widths 
of the overflow lips. These will take feeds of 500 gpm., 1000 
gpm., 1500 gpm., and 1800 gpm. respectively. 

Special Classifier C, for separations up to M". 


Allen Slime Cone 

A thickener which uniformly maintains the density of the 
thickened discharge. An “actuator” suspended in the lower 
part rises and falls with changes in the density of the pulp 
and controls the density of the discharge. May be set for a 
redetermined density and will keep it constant within a few 
undredths of sp. gr. Automatically clears the spigot of 
chips, sand and small pieces. Will thicken sandy pulp. 

Uses: General thickening, before filters and for decanta¬ 
tion. Thickening flotation concentrates before filtration. In 
smaller sizes, an excellent classifler before tables in slime 
concentration. Bulletin No. 22. 

Sizes: Smallest size 4'-G", other sizes up to 18'-0" diameter 
at overflow lip. Special designs for larger sizes. 

Allen Phosphate Sand Washer 
Allen Elevating Sand Washer 

These are large hydraulic classifiers, but quite free from 
the usual defects of this type. In the Phosphate Sand Wash¬ 
er, an “actuator” governs the size of the opening from the 
main cone to a water chamber, and controls the effect of the 
classifying current according to the amount of solids fed. 

The Allen Elevating Sand Washer is a form with jet ele¬ 
vator discharge. Both types largely used in the Tennessee 
field for washing the fine sands of phosphate rock. Will 
make excellent separations on material finer than 200 mesh. 
Bulletin No. 16. 

Made in sizes 8'-0", lO'-O", 12'-0'', 14'-0'' and IG'-O", diam¬ 
eter at overflow lip. 

Hydraulic Water Device 

A device by which hydraulic water is introduced into the 
sand beds of Allen Sand Cones and Sand Tanks. It gives a 
hindered settling effect, and is very efficient in removing un¬ 
wanted fines. Sold as an extra. 

Deflector 

A simple device without moving parts which absolutely 
prevents damage from accidental flooding by turning any 
thin, watery discharge into a waste launder. 

Information Needed 

When writing about Allen Cones or Tanks, be sure to give 
the water in g.p.m., the tons of solids per hour to be fed, 
and the classification required. 



Allen Sand Tank 
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KROGH PUMP AND MACHINERY CO. 


TAILINGS PUMPS. 


KROGH PUMP AND MACHINERY CO. 

147-159 Beale Street, 

SAN FRANCISCO, CALIFORNIA 

Krogh Solid Lined Tailings Pumps 


Krogh Station Pumps 

These pumps are of the multi-stage turbine 
type for high pressure work and are provided with 
removable diffusion vanes surrounding each run¬ 
ner. Bearings are of ring oiling type with remov¬ 
able bushings. Impeller hubs and recesses are 
provided with wearing rins. These pumps are 



Krogh Station Pumps 


provided with the Krogh Patent Hydraulic Auto¬ 
matic balancing device, which eliminates all end 
thrust under any condition of operation, and this 
without setting or adjustment of any kind. This 
device is cast integral with each runner and cannot 
be placed out of adjustment. 

Built in all sizes and for all pressures. 

Write for Bulletin 83-A. 

Krogh Centrifugal Sinking Pumps 

These sinking or unwatering pumps are built 
in the vertical type for vertical shaft operation or 
in the incline type for incline operation. 



Krogh Centrifugal 
Sinking Pumps 

Pumps range in capacities from one hundred 
gallons per minute upward and for any pumping 
head desired. All bearings contain removable 
bushings. Impeller hubs and casing recesses are 
provided with renewable wearing rings. 


These pumps are superior to all other types for 
unwatering mine shafts or for sinking purposes. 
Their dimensions and weight for a given capacity 
are very much less than any other type of pump. 

Write for Bulletin 88. 

Krogh Solid Lined Tailings Pumps 

These pumps are desired to handle water con¬ 
taining tailings, sands, slimes, ashes, etc. They are 
not intended to handle water containing coarse 
gravel or other large solids. The liners and im¬ 
pellers are made of chilled car-wheel iron, ex¬ 
tremely hard, all finished surfaces being ground to 
fit, as no steel will machine this metal. This metal 
is as hard on its face as Manganese steel, but far 
lower in cost. No through bolts are used in liners. 
Liners are a machine fit with outer casing and are 
centered therewith and held to place with set 



Krogh Lined Tailings Pump, Belt Drive 


screws passing through outer shell. All bearings 
contain removable bushings, the main bearings 
being ring oiling. 

We carry on hand at all times a complete stock 
of parts for immediate shipment and furnish a 
complete price list of these parts. 

Nearly two thousand of these pumps have been 
sold and put in service in mines, mills and fac¬ 
tories, and these pumps represent the standard 
sand pump as recognized by engineers. 


TAUB OF BIBBS 


Size of Pump. 
Inches 

Approximate 
Weight, Lbs. 

Size of Stand¬ 
ard Pulley, 
Inches 

Weight 
Heaviest 
Single Piece 
Knocked 
Down, Lbs. 

Capacity 

Per Minute 
in Cu. Ft. 
Water and 
Solids 

List Price 

Code Name 

2 

500 

6x6 

210 

16.5 

$450.00 

Hetat 

3 

650 

8x8 

210 

33.0 

500.00 

Hetma 

4 

800 

8x8 

210 

53.3 

550.00 

Hetsol 

6 

1300 

10x10 

420 

106.5 

800.00 

Hetorb 

8 

1800 

14x12 

500 

220.0 

1200.00 

Hetug 
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PERFORATED METALS. 


THE HARRINGTON & KING PERFORATING CO. 


The Harrington & King Perforating Co. 

626 North Union Ave., CHICAGO, ILL., U. S. A. 

NEW YORK OFFICE—114 LIBERTY ST. 

Perforated Metal Sheets 


Products 

Perforated Sheets and Plates of Steel, Iron, Copper, Brass, Monel, Zinc, Lead, and all other metals. 
Purpose 

For screening and sizing ore and all minerals; for dewatering, safety guarding, ventilating, etc. 



This illustration is of %m/m 
holes. We furnish as small as .020" 
in diameter, of which size one square 
foot contains 90,000 holes. 



Screens with round perforations 
effect the most accurate grading of 
material that is possible. We furnish 
all sizes in general use and varying by 
a few thousandths inch in diameter. 



Oblong and slot holes have a 
larger screening cai^ty than round 
holes and are desirable for many 
screening operations. 


H Square holes are furnished when 
required, but are not as successfully 
us^ for general screening purposes 
as the rounds and oblongs. There are 
uses for which they are well adapted. 



Diagonal slots are furnished from 
.010" wide to Vi" or more. For Stamp 
Batteries, Huntington and Chilean 
Mills there is nothing better. 

Superior to wire cloth. 


Quality 

Is paramount in the making of H. & K. Screens. 
Material and workmanship are the best obtainable. 


Abbreviated Table of Round Perf<Mration With 
Centers and Thicknesses Far Good 
Screening Results 


Round Holes 
in Inches 

Approximate 

Millimeter 

Equivalent 

Distance 

Between 

Centers 

Inches 

Thickness 

U. S. S. Gance 

1/32 

% 

.055 

No. 26 

1/25 

1 

.076 

No. 24 

1/20 

1 % 

8/32 

No. 22 

1/18 

1 % 

8/32 

it 

1/16 


7/64 

No. 18 

1/14 

1 % 

% 

it 

1/12 

2 

Vb 

it 

3/32 

2 % 

6/32 

Nos. 16 & 14 

7/64 

2 % 

8/16 

it 

% 

3 

8/16 

Nos. 14 & 12 

9/64 

3 % 

7/32 

% 

it 

6/32 

4 

Nos. 12 & 10 

11/64 

4% 

% 

it 

8/16 

4% 

6/16 

it 

13/64 

5 

6/16 

it 

7/32 

6 % 

6/16 

it 

16/64 

6 

% 

it 

V4. 

6 ^ 

% 

No. 10 & 3/16" 

9/32 

7 

7/16 

ti 

5/16 

8 

7/16 

it 


9 

9/16 

it 

% 

9^ 

9/16 

3/16" & %" 

7/16 

11 

21/82 

it 

V2 

12 % 

% 

it 



Straight and alternate end holes 
in all widths of opening. Very suc¬ 
cessfully used for fine screening and 
in pulverizing mills. 
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We furnish innumerable sizes and several 
centers for each size. 


Accuracy in All Details and Excellence of Quality 
at Ijowest Consistent Prices 
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HENDRICK MANUFACTURING CO. 


PERFORATED METALS. 


HENDRICK MANUFACTURING CO. 

General Offices and Works 

CARBONDALE, PA.. 


Branch Offices 

NEW YORK PITTSBURGH HAZLETON, PA. 

Manufacturers of 

Perforated Metal Products 


Products 

Perforated Metal Screens; Elevator Buckets—^Plain and Perforated; Conveyor Trough and Flights; 
Pans for Apron and Scraper Conveyors; Light and Heavy Steel Plate Construction—^Welded Tanks, 
Hoppers, Coal and Ash Bunkers, Stacks, Breechings, Smoke Flues, Elevator and Conveyor Casings, 
Steel Truck Bodies, Mine Cars, Mine Car Parts, Pressure Work, Riveted Pipe, Area Gratings; Acetylene 
Gas and Electric Welding. 


Perforated Metal Screens 

Made up for individual requirements, for use in 
the screening and sizing of coal, coke, stone, ore, 
cement, clay, etc. Round, square and slotted holes. 
Dies built for special needs. 

The PATENT 
F L A N G E Dl 
LIP SCREEN 
is manufactured 
exclusively by 
us, is specially 
designed, and is 
meeting with 
distinct success 
in the various 
fields where it 
is used. Modem 
tipples are not 
complete with¬ 
out this type of 
screen, and for 

coke breeze it = 

has no supenor. 

Fully described and illustrated in our Perforated 
Metal Handbook. 



ELEVATOR BUCKETS (Plain and Perforated), 
for the conveying of coal, stone, gravel, clay, ore, 
etc. We make practically every size, style and 
description, from the small bucket for sugar to the 
larger styles for coal and ore handling. 

PERFORATED ELEVATOR BUCKETS, for 
the draining of material while elevating. We 
handle the entire fabrication in our plant. 

CONVEYOR TROUGH AND FLIGHTS, also 
PANS for Apron and Scraper Conveyors, cut, 
punched and formed as per your specifications. 
Our facilities allow us to execute your work in this 
line in a most satisfactory manner. 

LIGHT AND HEAVY STEEL PLATE CON- 
STRUC3TION, such as welded and riveted Tanks, 
Hoppers, Coal and Ash Bunkers, Stacks, Breech¬ 
ings, Smoke Flues, Elevator and Conveyor Casings, 
Steel Truck Bodies, Mine Cars, Mine Car Parts, 
Pressure Work, Riveted Pipe, Area Gratings, 
Acetylene Gas and Electric Welding. 

A large stock of BLANK PLATES and SHEETS 
from %" to No. 24 gau^ inclusive permits us to 
ship promptly the majority of orders, and nearby 
mills supply special sizes without unreasonable 
delay. 



PERFORATED METAL HANDBOOK WILL BE SENT UPON REQUEST 

aCININO CATAXOO SECTION XVII 


Digitized by LjOOQie 
















PERFORATED METALS. 


NORTMANN-DUFFKE COMPANY. 


NORTMANN-DUFFKE COMPANY 

1234 27th Avenue, MILWAUKEE, WIS. 

Manufacturers of 

Perforated Metal Screens 


Products 

Perforated Metal Sheets and Plates of Iron, 
Steel, Brass, Copper, Zinc, Monel, Aluminum, and 
other metals; Grey Iron Castings. 

Perforated Metal Screens 

Find ready use in the screening and sizing of 
material as used in Shaking, Revolving and Chute 
Screens. 

For Washing, where moisture is always present, 
or for screening material where acids or alkalis 
are in evidence, we can furnish plates of a mate¬ 
rial that will give maximum durability consistent 
with the cost. 

For the lining of revolving screens, we can sup¬ 
ply you with screen sections of any desired size. 


rolled and fastened together with Butt or Lap 
Joints. 

We have over 600 varieties of perforations from 
which to make selections and the illustrations on 
this page represent a few of the standard styles of 
perforations as used in the Mining Industry. If 
you do not find what you want here, take the matter 
up with us for suggestions. 

Inquiries 

In sending us your inquiries, which will have 
our prompt attention, kindly state if possible, quan¬ 
tity and size of plates required, thickness of mate¬ 
rial, size and style of perforations, together with 
blank margins required and the direction of the 
fiow of material. 

You can possibly illustrate the above best on a 
rough sketch. 




Round Staggered End Staggered Side Staggered 



Square on Diagonal Hound Staggered Close Centers 
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THE LUDLOW-SAYLOR WIRE CO. 


WIRE CLOTH, 


THE LUDLOW-SAYLOR WIRE CO. 

ST. LOUIS, MO. 


CHICAGO 


Branch Offices 

SALT LAKE CITY EL PASO 




Manufacturers of 

Double Crimped Wire Cloth and 
Rek -Tang Rolled Slot Screens 


Products 


Double Crimped Wire Cloth and REK-TANG 
Rolled Slot Screens in all commercial metals for all 
purposes. 

We specialize in wire screens for the Mining In¬ 
dustry. 


Double Crimped Wire Cloth 

Years of experiment and ex¬ 
perience have given to Ludlow- 
Saylor products an unqualified 
superiority over all other grades 
of wire cloth. 

In the weaving of the “Per¬ 
fect” Double Crimped Wire Cloth, 
each wire supports and strength¬ 
ens every other wire, the shoot 
wires being arched over and un¬ 
der the warp wires, and the warp 
wires arched over and under the 
shoot wires, thus forming a mesh 
that is absolutely and permanent¬ 
ly ri^d, eliminating all possibility 
of wires slipping and insuring an 
evenness of the screened product. 
And the wires are not bent but 
Crimped, not with sharp angles, 
but curved gradually and grace¬ 
fully over and under the intersect¬ 
ing wires, without any rough 
corners. Thus the full strength 
of each wire is retained and its 
surface kept smooth and un¬ 
broken. All strain is equally dis¬ 
tributed over the entire screen, 
and the openings remain uniform 
and equal as long as there remains 
enough metal to sustain the 
weight of the material to be 
screened. 



2 Mesh. No. 8 .162 
Wire 



4 Mesh. No. 12 .106 
Wire 



No. 142, Rek-Tang 



22 Mesh. No. 24 
.023 Wire 


8 Mesh, No. 16. 063 
Wire 


4 Mesh, No. 18 .047 
Wire 


REK-TANG Rolled Slot Screens 

A SIGNIFICANT COMPARISON—THE LES¬ 
SON OF EXPERIENCE. 

The three illustrations shown below tell a very 
striking story of the marked superiority in “Pro¬ 
ducing Power” of REK-TANG ROLLED SLOT 
SCREENS. 



REK-TANG 



Square Mesh Perforated Metal 


They show the relative discharging capacity 
(producing capacity) in a given time of equal areas 
of (1) REK-TANG, (2) Square Mesh, and (3) Per¬ 
forated Metal. 

They show that the production goes rapidly 
down hill in the order named, with REK-TANG 
having a 50% to 100% greater productivity than 
Perforated Metal. 

This comparison is based on actual commercial 
tests, and proves conclusively the superiority of 
REK-TANG Screens. 

Order Carefully 

Be sure and give full information when ordering 
wire cloth. Don’t forget to give: Number of rolls, 
or number of pieces; length and width of each 
piece or roll; mesh; decimal size of wire and mate¬ 
rial from which cloth is to be made. 

Delivery 

Our central location and tremendous capacity 
assure the promptest delivery of your orders. 


WRITE FOR OUR CATALOG 
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WIRE CLOTH. 


NEWARK WIRE CLOTH COMPANY. 


NEWARK WIRE CLOTH COMPANY 

NEWARK, N. J., U.S.A. 

Manufacturers of Wire Cloth 




Note the character and even texture of the 
weave; strength and durability are imparted to the 
fabric. It has a double surface, is extra strong, and 
is readily cleaned. 




I • if jsY fi If I'j i If ii ii 


Products 

Wire Cloth in all grades, fine and extra fine; 
Filter Cloths (Metallic); Centrifugal Cloths; Bolt¬ 
ing Cloths; Heavy Mining Wire Cloth; Washer 
Wires; Testing Sieves, U. S. Standard; Chemists’ 
Sieves; Cement Sieves; Foundry Riddles; Coal and 
Sand Screens. 

Wire Cloth may be furnished of the following 
metals: Brass, Copper, Bronze, Phosphor Bronze, 
Nickel, Steel, Monel Metal, Silver, Gold and 
Platinum. 

“NEWARK” Metallic FUter Cloth 

We are the originators of this ^ade of metallic 
filter cloth. We invite close inspection of our several 
different grades of this material for filtration work 
and centrifugal linings. 


SIGN OP QUALITY 

New U. S. Bureau of Standards Testing Sieve 
Screen Scale 

This screen scale is a departure from any ref¬ 
erence to mesh, and is designated by arbitrary 
numbers. 

It is essentially metric. A sieve having an open¬ 
ing of 1-MM is the basic one. The sieves above or 
below are related to it. The ratio of the width of 
one opening to the next smaller or larger opening 
is the fourth root of two. 

This scale has been approved by scientific bodies. 



Nest of U. S- Standard 
Testing Sieves 


One section above shows the exact size of mesh, H 
while the section below shows the cloth magnified eo '.25 loose ’.los 

—^note the spiral overlap in the weave. “NEWARK” lo liii loofo lit# 

Metallic Filter Cloth is for use in all makes of Jo® looss lio* 

filter presses in place of cotton, duck, wool, jute or 140 .105 looJi lol* 

other filtering mediums—and will stand strong J*! gJH -gH 

solutions which shorten life of others. 230 looz loose lo 4 c 

Write for Samples. 325 I044 loon lost 

TRY “NEWARK” FOR BETTER WIRE CLOTH—BETTER SERVICE 



1 OPENING 

WIRE DIAMETER 

Number 

1 MM 

1 Inches 

i MM 

1 Inches 

2% 

8,00 

.315 

1.85 

.073 

3 

6.72 

.265 

1.65 

.066 

3% 

6.66 

.223 

1.46 

.057 

4 

4.76 

.187 

1.27 

.050 

5 

4.00 

.157 

1.12 

.044 

6 

3.36 

.132 

1.02 

.040 

7 

2.83 

.111 

.92 

.086 

8 

2.38 

.094 

.84 

.os» 

10 

2.00 

.079 

.76 

.080 

12 

1.68 

.066 

.69 

.087 

14 

1.41 

.0557 

.61 

.024 

16 

1.19 

.0468 

.54 

.021 

18 

1.00 

.0394 

.48 

.0187 

20 

.84 

.0331 

.42 

.0165 

26 1 

.71 

.0278 

.37 

.0146 

30 

.59 

.0234 

.38 

.0129 

35 

.50 

.0197 

.29 

.0118 

40 

.42 

.0166 

.25 

.0098 

45 

.35 

.0139 

.22 

.0085 

50 

.30 

.0117 

.188 

.0074 

60 

.25 

.0098 

.162 

.0064 

70 

.21 

.0083 

.140 

.0056 

80 

1 .177 

.0070 

.119 

.0047 

100 

.149 

.0059 

.102 

.0040 

120 

.125 

.0049 

.086 

.0084 

140 

.105 

.0041 

.074 

.0029 

170 

.088 

.0035 

.063 

.0025 

200 

.074 

.0029 

.058 

.0021 

230 

.062 

.0025 

.046 

.0018 

270 

.053 

.0021 

.041 

.0016 

325 

1 .044 

.0017 

.086 

.0014 
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B. & W. OIL-LESS CONVEYOR CO. 


BELT CONVEYORS. 


B. & W. OIL-LESS CONVEYOR CO. 

NOT INC. 

2416 Ogden Ave., CHICAGO 

Belt Conveyors and Pulleys 


Products 

Belt Conveyors, Belting, Gears, Shafting, 

Sprockets, Pulleys and Screens. 

^It Conveyors 

B. & W. Oil-less Pulleys for belt conveyors will 
run from 8 to 10 years under ordinary conditions. 
This long service is made possible by their simple 
construction. The design consists of oil-less 

bushings, supported 
by special fibre, the 
two best wearing 
surfaces. 

This oiling sys¬ 
tem prevents any 
dirt or dust coming 
in contact with the 
bearings. One of 
the greatest troubles 
with ordinary con¬ 
veyors is the cutting 
of bearing surfaces 

caused by sand or sectional view of an. &W.Pulley 

grit getting mixed 

with the grease, when the cap of the grease 
cup is removed. This is entirely eliminated with 
the B. & W. system. Although the B. & W. Pulleys 
are equipped with oil-less bushings, they are 
packed with high ^ade grease, which will last as 
long as the pulley itself. 

All B. & W. Pulleys are made of 3/82" cold 
drawn steel, reinforced at the center to l^". The 
hangers are made of ^4" by 3" pressed steel, which 
are unbreakable and so constructed that they can¬ 
not be tampered with. The weight of this equip¬ 
ment is only about two-thirds the weight of the 
ordinary cast iron equipment, but the tensile 
strength is twice as great. 

Atmospheric Take-up 

The B. & W. atmospheric take-up eliminates the 
side-spilling of. material on trough conveyors, 
caused by shrinkage of the belt in damp weather. 

It has been 
shown by ex¬ 
periment that a 
cotton belt in 
the sun will 
stretch from 10 
to 12 inches for 
every 50 feet, 
and a rubber 
belt from 6 to 8 
inches for ev¬ 
ery 50 feet, 

B. & W. Atmospheric Take-up adjusted. 

With a solid take-up, the belt shrinks in damp 
weather, and becomes so tight that it starts to 
sway on the edge of the carrier, spilling the ma¬ 
terial. The B. & W. take-up always provides the 
same tension, regardless of the atmospheric condi¬ 
tion, thereby eliminating the side guard and twist¬ 
ing of a trough carrier. The B. & W. take-up will 




remain true, indefinitely, providing the belt does 
not get too long. 

Trough Conveyors 

B. & W. Trough Conveyors are made up in two classes— 
Class A for heavy material and Class B for light material. 
The Class A Conveyors have from 3 to 8 rollers, according 
to the width of the belt. The conveyor shown in the illus¬ 
tration, which is for a 30-inch belt, has five 6-inch rollers. 
All of these trough conveyors use the B. & W. return idler, 
which is 4% inches in diameter. The shafts of the return 
idlers are stationary, which simplifies the construction, elimi¬ 
nates wear and prevents any fire hazard from overheated 
bearings. We also have them mounted on board to fit any 
standard conveyor. 



ClissA 


TABJaH VO. 1 





TABZiB VO. 2 



A r«w Typloal XTstrs 

The By-Products Co. (Solvay Coke Plant), So. Chlcaeo. Ill. 
U. S. Gypsum Co., Chicago, Ill. 

Armour & Co. (Grain Elevator), G^hicago, Ill. 

American Sand ik Gravel Co., Chicago, Ill. 

Rosenbaum Grain Co. (Irondale Elevator), So. Chicago. Ill. 
Reed Sand & Gravel Co., Chicago. Ill. 

Brownell Improvement Co., Chicago, Ill. 

Chicago Retort and Plre Brick Co., Ottawa, HI. 

Union Limestone Co., Chicago, Ill. 

Inland Steel Co., So. Chicago, Ill. 

Illinois Steel Co., Joliet. Ill. 
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BELT CONVEYORS. 


DODGE SALES & ENGINEERING CO. 


DODGE SALES & ENGINEERING CO. 

Distributor of the Products of the 

Dodge Manufacturing Corporation 

MISHAWAKA, INDIANA 



New York 
Pittsburgh 
Cincinnati 
Chicago 


BRANCH OFFICES 

Minneapolis Philadelphia 

Houston Boston 

San Francisco Newark 

Dealers In Every Representative City 


Atlanta 
St. Lfouis 
Seattle 


Elevating and Conveying Machinery 


Elevating and Conveying Machinery 
Power Transmission Machinery see pages 210, 
211 and 212. 

For Dodge Heavy Oil Engines see page 178. 

Conveying Machinery for Mines 

Dodge conveying equipment combines correct 
design with sturdy, liberal construction essential 
for ore handling and other mining service. Our 

standardized line 
affords prompt de¬ 
cision as to design, 
layout and struc¬ 
tures, saves engi¬ 
neering time, allows 
prompt delivery 
and assures the ut¬ 
most facility of re¬ 
pairs and renewals. 
A specialized engi¬ 
neering department 
is maintained at our 
home office as well 
as at several of our 
branch offices. Your 
material handling 
requirements will' 
receive the prompt 
' and expert attention 

Fixed Tripper Drive Back from DIs- of engineers thor- 

Charse Point: Handling "Chats" oiicrblv f n m i 1 i n r 

in a Missouri Mine ougniy I a m 1 1 1 a r 

with the require¬ 
ments of your field. We are equipped to design and 
construct special units and complete installations, 
giving every possible consideration to the individ¬ 
ual requirements of the job. 



Belt Conveyors 

Dodge belt conveyors are in successful opei 
ion in many important installations. This ty 



Type I Trouphlnpr Roll Mounted on Plank 

of conveyor is especially adapted for service where 
large quantities of material must be handled 
quickly and economically. Dodge conveyor rolls 


are furnished in two general ts^pes, troughed and 
flat. Our complete line includes all t 3 q>es adapted 
for use in the mining field. 



Type P Five-Pulley Troughing Roll 



Troughing Roll Carried on Angle Iron With Low Stand 



Tyi>e A Combined Troughing and Return Rolls 


Elevators 

We design and manufacture continuous bucket 
elevators for handling heavy materials on either 
vertical or inclined lift. Large stocks of standard 


r ■ 1 



size elevator buckets and chain are carried at our 
warehouses convenient to the miping field. Thus 
situations permitting the use of standardized 
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DODGE SALES & ENGINEERING CO. 


MILL MACHINERY. gCI 


equipment can be promptly and satisfactorily met. 
Special equipment can be efficiently handled by our 
engineering department either at our home office 
or at the offices convenient to your opreations. 

Trippers 

Either stationary or travelling. The Type S 
tripper shown in illustration is extensively used in 
ore reduction plants and for service of a similar 
nature. It is self-propelled through friction gear¬ 



ing in casing outside the fraifte, to the wheels 
through chain and gears inside the frame. Can be 
equipped for manual or automatic operation. We 
also make steel frame travelling trippers for un¬ 
usually heavy service under severe conditions. 

Feeders 

Continuous processes require even flow of ma¬ 
terials. Feeders are used to give greater capacity 
of conveyora and elevators as well as more satis¬ 
factory results by assuring a controlled uniform 
feed. We are equipped to design and construct 
feeders to successfully handle any mining service. 



Screens 

We manufacture all kinds of screens for all 
mining purposes. 

Conveyor Spur Gears 

There is a manifest advantage in being able to 
obtain gearing promptly from stock. It will be 
found that the average user can accommodate his 
requirements in most cases from a reasonable 
number of sizes in general use. By boring and 
keyseating each gear for a shaft that will transmit 


the full power of the gear, we make it possible 
for the operator or engineers to make selections 



quickly and with assurance of reasonable delivery 
and good service. 

Trommels 

We are prepared to construct trommels or ore 
graders in accordance with specifications furnished 



or to design and manufacture equipment of this 
kind to meet the needs of any service. 

Sprockets 

We carry a large stock of sprocket patterns 
selected on a basis of average requirements at our 



factory from which it is possible to furnish fin¬ 
ished sprockets promptly on order. 
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gg2 bearings for conveyors. 


HYATT ROLLER BEARING COMPANY. 


HYATT ROLLER BEARING COMPANY 


NEW YORK, N. Y. 


Hyatt Roller Bearings for Conveyors 


General Advantages slants are to be used fc 

When applied to the drive mechanisms and idler pulleys stone, etc. The dotted ! 

of belt conveyors Hyatt roller bearings impart their true bearing and Hyatt 1 

rolling motion, eliminating 50 to 75% of the friction; be- materials such as coal 

cause of their grease-tight housings they poui 

only require lubrication three or four — 

times a year and because of their dura¬ 
bility they operate for years without ad¬ 
justment or replacement. 

The friction eltihination reduces the 
power required to operate. It allows the 
use of lighter, less expensive belts, which 
last longer on the freely turning idlers; 
longer »ngle span belts; lighter driving 
motors; lighter electrical equipment. All 
ti^is results in real economies, due to 
lower first cost, lower operating costs 
(power, lubricant, labor), and lower 
maintenance costs (belt and idler replacement). Location of Hyatt Bea 

The folloing metal m 

Power Saving industries have from < 

To determine just how much power the use of Hyatt conveyors in operation. 

bearings on conveyors — ____ _ 

will save, we have, with 

the co-operation of the ^ 

operating executives of jso. .. ___ -<^7_ 

many large plants ^. 

where Hyatt equipped .. 

conveyors are in opera- .us___ 

tion, conducted thor- ji*_ 

ough tests on both plain ^ ^ 

bearing and Hyatt ,oo ^ " —< 

bearing conveyors. 

To clearly under¬ 
stand the important re- ^ ^ 

suits of these tests, it ^-- 

is necessary to consider 5 ^ j:0«9 --- 

the standard belt con- 8 ' . ..- 

veyor power formula - - d 

which is given on the 
chart on this page. 

The second part of - 

the woA^doM*aga1nrt « Cagg^ i TT !iJjiism+fisratgjxuo. 

gravity and is applica- jooJi __ -I _ 

Die to any conveyor ^ 

that is inclined. ■ - . width 

The other part of a AC ^matenm/£Sto7SUx^rct/./t.Cvrvn’3’ii>/ormdkn^7Stef2SLk 

the formula represents 

the horse power consumed by friction in the idler pulleys There are many Hj 
and driving mechanism when the belt is loaded. dustries also, giving the 

For conveyors of equal capacity and len^h, therefore. How to Get Hyatt Bear 
the Constant would be proportional to the friction in the All conveyor manuf 
idlers and drive mechanism. conveyors equipped wit 

The solid line curves, “B” and “D” on the chart, are the mechanisms and idlers, 

plain bearing and Hyatt bearing constants respectively for you and your conveyor 

conveyors handling material weighing from 75 to 125 pounds equipped conveyors tc 

per cubic foot as determined by these tests. These con- obligation. 


stants are to be used for heavy material such as ores, lime¬ 
stone, etc. The dotted line curves “A” and “C” are the plain 
bearing and Hyatt bearing constant respectively, for 
materials such as coal and coke, weighing from 25 to 75 
pounds per cubic foot. 

Determining the Power to Operate 
Conveyors 

To determine the power necessary to 
operate any conveyor if it is equipped 
with Hyatt roller bearings, it is neces¬ 
sary only to determine from the chart the 
value of the Hyatt constant for tl^t 
width of conveyor and for the weight of 
material to be conveyed, substitute this 
value and the other necessary data rela¬ 
tive to the conveyor in the formula, and 
solve for the horse power. 

Location of Hyatt Bearing Conveyors 
The folloing metal mining companies, quarries and allied 
industries have from one to twenty-four Hyatt equip^ 


42- 

SELT WIDTH 


Afoiu: “A'itC'hr materim/ £5 to TS /At/erci/Yf. Curves 'B'AVformeiertol7Sto IZ5Lks.per cajt 


United Verde Copper 
Mining: Company 

Braden Copper Mining 
Company 

Berkshire Mining & De¬ 
velopment Company 

Chile Exploration Co. 

Utah Copper Company 

Jas. A. Hill Mining Co. 

G. W. Johnson Lime¬ 
stone Company 

Michigan Limestone & 
Chemical Company 

Pittsburgh Limestone 
Company 

Templeton Limestone 
Company 

Tennessee Copper Co. 

Texas Gulf Sulphur Co. 

Cleveland - Canton Coal 
Company 

Donner Union Coke Co. 

Fall River Gas Coke Co. 

Grasselli Chemical Co. 

Hartman Blanchard Co. 

Pittsburgh Crucible Steel 
Company 

United States Coal & 
Coke Company 

Whltaker-Glessner Co. 

Ashtabula Sand & Grav¬ 
el Company 


There are many Hyatt equipped conveyors in other in¬ 
dustries also, giving the same dependable, economical service. 

How to Get Hyatt Bearing Conveyors 

All conveyor manufacturers furnish or will furnish their 
conveyors equipped with Hyatt roller bearings in the drive 
mechanisms and idlers. Our conveyor eng^ineers will assist 
you and your conveyor manufacturer in the design of Hyatt 
equipped conveyors to meet your requirements, without 
obligation. 
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LINK-BELT COMPANY. 


BELT CONVEYORS, 


LINK-BELT COMPANY 

PHILADELPHIA CHICAGO INDIANAPOLIS 


New York.Woolworth Building 

Boston...49 Federal Street 

Pittsburgh.1501 Park Bldg. 

St Louis.. .Central National Bank Bldg. 

Buffalo.647 Ellicott Square 

Wilkes-Barre..2nd National Bank Bldg. 

Cleveland.429 Kirby Bldg. 

Huntlngton.W.Va., Robson-Prichard Bidg. 
Canadian Link-Belt Co., Ltd., Toronto and 


Bnuioli Ofllcas and Agencies 

Detroit.4210 Woodward Ave. 

Kansas City, Mo....306 Elmhurst Bldg. 

Seattle.820 First Ave., S. 

Portland, Ore.161 First St. 

San Francisco.168 Second St. 

Los Angeles.163 N. Los Angeles St. 

Denver... .Lindrooth, Shubart & Co., 

Boston Bldg. 

Montreal H. W. Caldwell & 


Louisville. Ky.Frederick Wehle, 

Starks Bldg. 

New Orleans.C. O. Hinz, 

504 Carondelet Bldg. 

Birmingham, Ala.S. L. Morrow, 

720 Brown-Marx Bldg. 
1 Co., Chicago, New York, Dallas, Texas 


Manufacturers of 

Elevating, Conveying and Power Transmission Machinery 

and Accessories 

For Description of Other Products See Padres 208 and 499 


Products for Mines and Quarries 

Belt, Bucket, Apron and Pan Conveyors; Bucket 
Elevators; Locomotive Cranes; Crawler Cranes; 
Wagon and Truck Portable Loaders; Electric 
Hoists; Sand and Gravel Washing Equipment; 
Screens; Crushers; Chains; Wheels; Gears; Buck¬ 
ets; Friction Clutches; Transmission Machinery; 
Silent Chain Drives; Roller Chain Drives, etc. 



6-Boll >-MULTIROLL-< Idler 


Belt Conveyors 

The Link-Belt Company is the recognized pio¬ 
neer in the art of conveying materials, and our 
various elevating and conveying devices today rep¬ 
resent the highest development of their respective 
types. We manufacture extensively Link-Belt or 
chain conveyors, carriers, screw conveyors, belt con¬ 
veyors, and all other approved desi^s of conveyors 
and elevators; and, without prejudice, employ each 
where it serves best. 

The belt conveyor is one of the oldest known 
conveying devices, and has a wide field of useful¬ 
ness. It is practicable to run these conveyors at 
relatively high speeds, which adapts them well for 
large capacities, and particularly for conveying long 
distances. 

The Link-Belt >-UNlROLL-< idler has a single 
roll with fiared (cast) ends, secured to a shaft car¬ 
ried in stationary bearings. It combines the sim¬ 
plicity of the plain straight roll with the increased 
casing capacity of a troughed idler, the ends 
being sufficiently flared to check effectually the 
flowing of the material carried. It presents to the 
belt a smooth unbroken surface that cannot cause 
creases, or crack the belt. The differential action 
between the bell ends and the belt is slight and re¬ 
sults in no noticeable depreciation of the belt- 
in fact, no greater slip than appearance shows inci¬ 
dent to other types of idlers. 


The >-UNlROLL-< idlers are carried in station¬ 
ary self-aligning bearings,—roller or chain-oiling. 
Roller bearings furnish the maximum attainable 
efficiency, and oil, for relatively light loads at high 
speed, is superior to grease, which is uncertain, and 
at low temperature often acts as a drag. The 
bearings require attention only at intervals of 
several months, and the rolls rarely fail to revolve 
even if this be neglected. The very costly labor for 
daily attendance and inspection is thus eliminated. 



The >-MULTlROLL-< Troughing Idler, by rea¬ 
son of the deepest troughing of the belt consistent 
with good practice, gives the maximum carrying 
capacity for a given width of belt, and is very ex¬ 
tensively used, being especially well adapted for 
handling coarsely-broken material, and particularly 
at inclinations. For the narrower belts three rolls in 
line are used, and five for the wider belts, thus 
permitting the belt to assume an approximatdy 
uniform curve, without sharp bends. 

The individual brackets in this idler are cast 
integral, and afterwards split, for receiving the 
rolls. This assures ease of assembly and perfect 
alignment. Each roll is of cast-iron, accurately 
ground, and carried- on a hollow shaft, lubrication 
being supplied through the shaft by compression 
grease cups or forced feed, as preferred. 
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LINK-BELT COMPANY. 


Elevators 



This type of bucket ele¬ 
vator permits direct feedingr 
of material. The flanged 
front of each bucket forms 
a chute for the discharge 
from the succeeding bucket, 
thus effecting a clean dis¬ 
charge at slow speed. 



An elevator compos¬ 
ed of malleable iron 
buckets, >FLINT- 
RIM*< sprocket wheel 
and *‘C” Class (com¬ 
bination Iron and steel) 
chain. 



Apron Feeder 


Feeders 

Best results in the operation of elevators and 
conveyors can be realized only when the materials 
are delivered to them uniformly and properly. 
There is no economy in the alternate intervals of 
overloading and underloading, unavoidable when 
no definite methods of regular feeding are used. 

The type of apron feeder illustrated is adapted 
to the handling of heavy lump material, and has 
large carrying capacities. It is used very extens¬ 
ively in mills and smelters for the handling of ore. 
Its construction is heavy and rugged, which is 
necessary as the ore in the bin rests directly upon 
the feeder. It requires relatively little head room, 
considering its capacity, is proportioned accurately, 
and is easily regulated. 

This feeder may be made of any length or width 
to meet requirements, with capacities as high as 
200 tons per hour, and to handle up to 18-inch 


These apron conveyors 
are designed especially as 
feeders and carriers for the 
heaviest ore. The chains 
and pans are cast integral, 
of high carbon steel, heat- 
treated, with no bolts or 
rivets to become loosened 
by impact of heavy mate¬ 
rial. This design gives the 
great strength, stiffness and 
durability that is essential. 
We are prepared to design and build special 
types of iron or steel pan conveyors to handle any 
kind of material. Estimates submitted on receipt 
of full particulars. 
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standard 12-inch Pitch Steel Apron Conveyor 


The Peck Carrier 

The Peck Overlapping Pivoted Bucket Carrier, 
Patented, is the highest development of this tjiie 
of conveyor—in its iniicrent design, details of con¬ 
struction and accuracy of workmanship. It is the 
recognized standard machine for handling coal and 
ashes in modern power houses, as well as cement, 
clinker, stone, ore and other abrasive materials. 
Send for book No. 220. 



Peck Carrier 


Chains 

From the Original Ewart Detachable Link-Belt 
for simple elevators and conveyors and power trans¬ 
mission to the highly efficient Link-Belt Silent 
Chain for high speed power transmission in large 
or small units, there are types of Link-Belt chains 
10 meet the requirements of every service in ele¬ 
vating, conveying and power transmission. 



•‘800’’ Class Chain 


“800” Class Chain illustrated is used for ele¬ 
vating and conveying gritty materials, and for the 
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“C” Class (Combination Iron and Steel) Chain 

transmission of power. In this chain, both the 
joint-wear and the wear that results from engage¬ 
ment with the sprocket wheel, are taken care of 
by hard, renewable steel pins and bushings. Both 
pins and bushings have long been made of thor¬ 
oughly case-hardened steel, to secuiie durability. 
The pins have T-heads which fit closely between 
lugs on the side bars, while the opposite ends are 
flattened to fit snugly in corresponding recesses, 
thus preventing any tendency to rock, work loose, 
and start wear at these points, even under heavy 
strains. The pins are regularly furnished in the 
detachable type. 

“C” Class Chain is an inexpensive type for ele¬ 
vators and conveyors where the practical require¬ 
ments are strength and low cost. 

>-FLlNT-RlM-< Sprocket Wheels 

These wheels are made by a 
special process. They give a hard, 
smooth bearing surface, free 
from sand. This surface, extends 
to a depth of inch to inch 
^ and prolongs the life of the 
wheel far beyond that of ordi- 
nary cast iron. There is no bet- 
■ ” ~ ter combination than Link-Belt 

>-FLINT-RlM-< Wheels and Link-Belt Chains. 

Gears 

Link-Belt Gears are machine molded, which 
makes them more uniform, and better 
proportioned. The teeth are molded 
from a single tooth pattern, the spac¬ 
ing being done by accurate machinery. ; 

A machine molded gear is as near per- ' 
feet as a cast-iron gear can be made. 

We make gears of all types—spur, 
bevel, miter, worm and worm wheels, 
cast iron, semi-steel, teeth machine molded or ma¬ 
chine cut. 

Helicoid Conveyor 

The perfect spiral or screw conveyor. The con¬ 
tinuous flight is rolled from a single strip of metal, 
and the flight, even before the pipe is inserted, is 
very strong and resists to the full strength of the 
metal the lateral pressure due to pushing forward 
the material. 




Ordinary V-Shaped-Bottom Buckets 

either as required. I'he flanged front of each 
bucket forms a chute for the discharge from the 
succeeding bucket, thus effecting a clear discharge 
at slow speed. It also permits feeding the material 
directly into the buckets, thus avoiding the wear 
and strain of digging through an accumulation 
of material in an elevator boot. 


style "A" 


Style “A-A” 


While we furnish both Helicoid Conveyor and 
conveyor of the old style sectional flight type, we 
always recommend Helicoid Conveyor. 

Buckets 

Overlapping continuous buckets are used where 
it is necessary to prevent fine material passing back 
between the buckets. In some classes of work it is 
desirable to use curved inside bottoms, but the ordi¬ 
nary V-shaped bottom is less expensive and often 
answers the purpose just as well. We furnish 

HININO CATALOG 


Malleable Iron Buckets 

Malleable Iron Buckets 

Our stock of malleable iron buckets is complete 
in eve^ sense, placing us in a position to make 
immediate shipment of practically any standard 
size or type. The material entering these buckets 
is of the same high standard as that used in malle¬ 
able Link-Belt, for which we are known the world 
over. They are seamless^ strong and smooth, and 
are designed to insure proper filling in the boot, 
and free and clean delivery at the head. 

They have reinforced corners, which make them 
stronger than steel buckets of equal gauge, and the 
material of which they are made resists wear much 
better than the soft grade of steel which has to 
be used in the manufacture of steel buckets. 

. Buckets are furnished punched or plain. In 
ordering, state whether buckets are to be punched 
for flat belt or Link-Belt, _ 

and if for the latter, give 
size and number of strand 
of Link-Belt and style of at- 
tachment. 

Transmission Machinery 

The Link-Belt line is com- 
plete. Bearings—heavy, prop- 
erly designed, and well fin- 
ished. Pulleys of ample weight 
and accurately turned. The 
entire line has achieved out- 
standing recognition under 
hard service. The Link-Belt line includes bearings,' 
^ pulleys, friction clutches. 




h an g e r 8 , floor stands, 
sheaves, band wheels, fly 
wheels, sprocket wheels, etc. 
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050 BELT CONVEYORS. THE JEFFREY MANUFACTURING CO. 

The Jeffrey Manufacturing Company 

959 North Fourth Street, COLUMBUS, OHIO 

TTPB WXBB 077XCB8 

New York City, Room 2008, 30 Church St. Pittsburgh, Pa., 2111 Farmers Bank Bldg. Chicago, Ill., 858 McCormick Bldg. 
Phone Cortlandt 6417 or Cortland! 7241 Phone Grant 407 Phone Harrison 8008 

Telephone any of the type-wire offices mentioned above, and your request for Jeffrey Products or Service will be 
at once typed over our own private wir« to Columbus, and the information given you quickly and without extra cost 


^oducis For Metal Mines, Mills, Smelters, Quarries, Etc. 

Conveyors—Belt, Pan, Apron, Portable, Retarding, Scraper, Screw, Spiral; Elevators—Belt, Bucket; 
Coal and Ash Handling Equipments; Weigh Hoppers and Baskets; Conveyor Belts and Trippers; 
Buckets—Elevating and Conveying, Ore, etc.; Chain—Conveyor, Rivetless, Roller; Chain Drives; 
Feeders—^Apron, Conveyor, Ore, Reciprocating. 


Steel Thimble Roller Chains for 
Heavy Elevator or Apron 
Conveyor Service 

DZMBN8XONS STBBB THTMIBB 
BOBBBB OKAZBS 


Chain 

Pilch. 

Approx. ] 

Working 

StrrngUi 

- 1 

Max. 1 
Speed, 

!- 

1 Works on 


Inches 

Wright. 

at 150 ft. 

ft. per 

Sprocket 

Number | 


lbs. per ft. 

per min. lbs 

min. 

1 Number 


180 

12.0 

14.20 

6500 

200 

180 

182 Vt 

18.0 

18.60 

9700 

150 

182 

276 

12.0 

12.20 

5200 

300 

180 

987 

24.0 

19 

12000 

100 

987 

1018 

18.0 

18.3 

8750 

165 

1018 



20.0 

15000 

100 

1072 


24.0 

22.0 

15000 

100 

987 

1076 

mJiWiIiB 


25000 

100 

1076 


24.0 

38.0 

25000 

100 1 

1086 

1092 

18.0 

31.0 

15600 1 

100 

1092 

1093 

24.0 

27.0 

15600 1 

1 

100 

1 

987 



Nos. 987, 1018, 1072 and 1074 are double bushed chains with white iron 
rollers, made especially for Pivoted Bucket Carriers and similar service 
where the use of cross rods is essential. 





Nos. 1076 and 1086 are very heavy long pitch double bushed knuckle 
chains. The rollers have hardened renewable bushings, strong and well htted 
for heavy stone Elevator service. 




Chains in bold face type are 
in stock. 


Tfp« **A’* Swing BanunMr 
Pnlvezlser 



carried 


Nos. 276, 180, 182%, 1092 and 1093 are long pitch chains and with angle 
iron detachments are especially adapted for apron conveyors and continuous 
Bucket Elevators of large capacity. 


Patented 


Type “B” Swing Hammer Pulverizer 


Jeffrey Single Boll Crusher 


Swing Hammer Pulverizers for re lucing Limestone, Coal, Lime, Gyp¬ 
sum, Marl, Shale and many other products. Catalog No. 368-D. 


Single and Double Roll Crushers for re¬ 
ducing Coal, Coke. Catalog No. 359-1. 



Feeds 8 to 10 
feet into the pile 
without the use 
of any mechanical 
device. 


Radial I..oader 

Handling Sand 


The Radial Loader has a capacitv of 1 to 2 cubic yards 
per minute of Sand, Gravel, Crushed Stone. Coal and other 
loose material. Also built with TANETRED Mountixig. 
Catalog No. 309-A. 



The Jeffrey Portable Belt Conveyor 

Is a light, durable and 
inexpensive conveyor 
for loading and unload¬ 
ing Coal, Coke Cinders, 
Sand, Gravel, Crushed 
Stone and similar ma¬ 
terials. 


Capacity of Portable Belt Conveyor varies from 20 to 
50 tons per hour. Catalog No. 369-J. 
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THE JEFFREY MANUFACTURING CO, 
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ggg CONVEYING MACHINERY. 


ROBINS CONVEYING BELT CO. 


ROBINS CONVEYING BELT CO. 

13-21 Park Row, NEW YORK CITY 

CHICAGO.Old Colony Bldg. PHILADELPHIA.Widener Bldg. 

PITTSBURGH.Union Arcade Bldg. BOSTON.70 Kilby Street 

EL PASO.349 First National Bank Bldg. SAN FRANCISCO.The Griffin Co. 

BIRMINGHAM.C. B. Davis Eng. Co. TORONTO.Gutta Percha & Rubber, Ltd. 

Manufacturers of 

Bulk Material Handling Equipment 


Products 

Belt Conveyors, Belt and Bucket Elevators, 
Conveyor and Elevator Belts, Storage and Reclaim¬ 
ing Bridges, Car Dumpers, Ore Bedding Systems, 
Feeders, Screens, Coal and Coke Crushers, Bin 
Gates, Conveying Machinery for all requirements. 


Robins Conveyor Belts are made in a number 
of different grades, both of the stepped-ply and 
straight-ply construction, each grade being de¬ 
signed to give the most economical service under 
certain operating conditions. If it is believed that 



Robins Ore-bedding and Reclaiming Machinery at the 
plant of the Arizona Copper Co., Clifton, Arizona. 



Robins Unloading Towers, and Stocking and Reclaiming 
Bridge, at the plant of the By-Products Coke Corp., 
South Chicago, 111. 


The Robins Conveying Belt Company is pre¬ 
pared to design and install conveying machinery to 
meet any requirement. The machine]^ includes 
belt conveyors, bucket elevators, unloading towers, 
storage and reclaiming bridges, car dumpers, ore 
bedding systems, coal and coke crushers, and the 
auxiliary equipment such as chutes, feeders, 
screens of various types, etc. 

Robins conveying machinery is handling all 
sorts of ore, tailings, coal, coke, limestone, ashes, 
cement in bulk and in bags, wet concrete, sand, 
crushed stone, dirt, rubbish, packages of all kinds 
and many other materials. 

Robins machinery parts are fitted for compres¬ 
sion grease cup lubrication to protect the bearings 
from dust and corrosion. Consequently, troubles 
resulting from these causes are practically elimin¬ 
ated under the most severe operating conditions. 


none of the standard brands of belts will give satis¬ 
factory service because of unusual conditions, a 
special grade of belt will be designed for the work. 

Robins stepped-ply belts have thicker rubber 
cover in the center than at the edges, thus giving 
more protection where the abrasion is greatest. A 
belt of this construction is flexible laterally, allow¬ 
ing it to conform to the shape of the troughing 
idlers, and causing it to run true even when empty. 

The Robins Handbook of Conveyor Practice con¬ 
tains much information of interest to the designing 
or operating engineer. It includes a group of tables 
and charts concerning capacities, power require¬ 
ments, speeds of conveyors and similar matter, 
dimensions of the various conveyor parts, together 
with general data on conveyor practice. We will be 
glad to send you a copy. 



General view of the plant of the New Cornelia Copper Co., Ajo, Ariz., equipped throug:hout with Robins Conveying 
Machinery. Where material handling costa are notably low, you will always find Robins Conveying Machinery. 
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THE WEBSTER MFG. COMPANY. _ MILL MACHINERY, 

THE WEBSTER M’F’G COMPANY 

4500-4560 CORTLAND ST.. CHICAGO 

FACTORIES: TIFFIN, O., MICHIGAN CITY, IND., and CHICAGO. SALES OFFICES IN PRINCIPAL CITIES. 

Elevating, Conveying and Power Transmitting Machinery 


Products 


Elevating and Conveying Machinery for hand¬ 
ling all kinds of materials, including Coal and Ash 
Handling Equipment; Malleable Iron and Steel 
Chains; Screens; Coal Crushers, etc. 

Ash Handling Machinery; Bearings; Belt Tight¬ 
eners; Belts, Conveyor; Bridges—Coal Handling, 
Ore Handling; Buckets—Elevator and Conveying, 
Ore and Skip; Car Hauls; Car Movers and Pushers; 
Car Retarders; Chain—Conveyor, Rivetless and 
Roller; Chute Gates; Chutes; Clutches, Friction; 
Coal and Ash Handling Plants; Coaling Stations; 
Collars, Shafting; Conveyors—Ash, Belt, Coal, Pan 
and Apron, Retarding, Scraper, Screw and Spiral; 
Couplings — Shaft and Pulley; Crusher Parts; 
Crusher Rolls; Crushers (Mfgrs.); Drives, Rope; 
Dump—Crossover, Kickback and Rotary; Elevating 
and Conveying Machinery; Elevators—Belt, Bucket 
and Coal; Engineers—Consulting, Contracting and 
Constructing; Feeders—Apron, Conveyor, Grizzly, 
Reciprocating and Mine Car; ^ight and Troughs; 
Gates—Bin; Gears and Pinions, Mitre, Bevel and 
Spur; Grizzlies; Hangers—Pulley and Shaft; 
Hoists—Skip (Mfgrs.); Hoppers—Ash; Loading 
Booms; Loading Machines; Mill Equipment; Pillow 
Blocks; Power Transmission Machinery and Sup¬ 
plies ; Pulleys; Quarry Machinery; Rope Transmis¬ 
sion; Screens—Perforated Metal, Revolving and 
Shaking; Shafting; Shafting Accessories; Sheaves; 
Shoveling Machines; Sprockets; Takeups; Trip¬ 
pers ; Weigh Hoppers and Baskets. 



Elevators 

Bucket elevators of 
all types for handling 
bulk materials. Con¬ 
tinuous and centrifu¬ 
gal discharge elevators 
for vertical or inclined 
lifts with either steel 
or malleable iron 
buckets. 


Centrifugal Discharge Bucket 
Elevator 


Conveyors 

Our line of convey¬ 
ors is very complete 
and includes every 
type of material hand¬ 
ling equipment of 
service to mine and quarry. Belt conveyors, screw 
conveyors, flight conveyors, apron conveyors, 
gravity discharge elevator conveyor and Perkins 
pivoted bucket carrier. Space does not permit de¬ 
tailed description of our many types but we can 
meet every requirement for equipment of this 
nature. 


Transmission Machinery 

Complete line of shafting equipment for the 
most economical transmission of power by mechan¬ 
ical means. Friction clutches, gears, sprockets, 
pulleys, bearings, etc. 



Belt Conveyor With Automatic Tripper 

Chain 

Tested chain for especially severe service for 
all drives at ordinary speeds; for all types of ele¬ 
vators ; for apron 
conveyors ; for 
every class of serv¬ 
ice required by the 
mining industry. 
Detachable chain in¬ 
terchangeable with 
all standard makes of corresponding size. 
Sprockets 

All sizes and shapes with any number of teeth 
for any standard pitch of chain. Webster sprockets 
are carefully tested with their respective chains 
before shipment. Chilled rim sprockets have smooth 
hard surfaces with deep chills which make them 
especially adapted to severe service. Where great 
strength is required, Webster sprockets can be 
made of cast steel. We can meet any requirement. 




Apron Conveyor Receiving Ore From Hopper 

Engineering Service 

We maintain a staff of engineers who have had 
years of successful experience in designing equip¬ 
ment for the mechanical handling of all kinds of 
materials. 

The John Mayne Shovel Loader 

Announcing the John Mayne shovel loader which 
is a simple and efficient machine for loading broken 
ores in mine tunnels. Send for descriptive litera¬ 
ture. 
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WELLER MANUFACTURING CO. 


WELLER MANUFACTURING CO. 



Main Office and Works 

1820-1856 North Kostncr Avc., CHICAGO, ILL. 

8AX.E8 OrFXOE8 

NEW YORK BOSTON BALTIMORE PITTSBURGH CLEVELAND 
DETROIT SALT LAKE CITY SAN FRANCISCO 



Products 

Ash Handlingr Machinery 
Ash Hoppers 
Bearings 
Belt Tighteners 
Belts—Elevator 
Bins—Mill, Smelter 
Bridges—Coal and Ore 
Handling 

Buckets—Conveying, Ore 
Bunkers—Coal 
Bushings—Shaft 
Car Hauls 
Chain 


Chain—Conveyor, Rivetless 
Chute Gates 
Coal and Ash Handling 
Plants 

Coaling Stations 
Col lars—Shafting 
Conveying, Bedding and 
Recovery Systems 
Conveyors — Ash, Coal, 
Pan, Apron, Retarding, 
Scraper 

Cou pi In gs—Flexible, 

Shaft, Pulley 
Crusher Rolls 


Dryers—Ore, Steam, Ro¬ 
tary and Paddle 
Railroad Car Dumpers 
Elevating and Conveying 
Machinery 
Elevators—Belt 
Feeders—Apron, Convey¬ 
or, Grizzly, Mine Car, 
Ore, Reciprocating 
Conveyor Flights and 
Trough 

Gears and Pinions—Mitre, 
Bevel, Spur, Turbo, 
Reduction 


Grizzlies 

Hangers—Pulley & Shaft 
Holsts—Electric, Skip, 
Steam 

Rotary Kilns 

Loaders—Wagon, Truck, 
Box Car 
Loading Booms 
Loading Machines 
Pillow Blocks 
Riveted Steel Pipe 
Power Transmission Ma¬ 
chinery 

Pulleys—Iron, Steel, Wood 


Pulverizers 
Rollers—Wood, Iron 
Screens—Incline, Lip, 
Perforated Metal, 
Wire Cloth 
Shafting 

Shafting Accessories 
Sheaves 

Sintering Plants 
Speed Reducers 
Coal Storage Systems 
Picking Tables 
Takeups—Elevator 
Winches 




Weller Heavy Duty Belt Conveyors 

We will design and manufacture complete con¬ 
veying systems or supply any part of the equip¬ 
ment desired. Belt Conveyor Catalogue No. 35-C 
shows standard layouts, special installations, etc., 
and will be of assistance in laying out new or re-i 
placing old installations. Sent on request. 


Weller Self-Propelling Tripper 


Embodies features not found in any other on the 
market. Features fully covered by patents. Made 
in several styles, with steel and cast iron frames. 



A complete line of 
Coal Crushers, 
Weigh Larries and 
Coal Eleva¬ 
tors illus¬ 
trated and 
described in 
Catalogue 

One, Two and Four-Roll Coal Crushers No. 35-F. 



Spiral Conveyors 

Cast iron and steel. A com¬ 
plete line from which to make 
your selection. 

Catalogue 35-D gives 
data on Spiral, 
Mixing, Ribbon 


Heavy Duty Bucket Elevators 

.... 

make ele- 

vators for all kinds of material. 


Service 

Our engineering and estimating departments 
are at the disposal of those in authority and re¬ 
sponsible for the successful operation of conveying 
and power transmitting machinery. They wifi be 
glad to co-operate in selecting equipment best 
adapted to the requirements. 
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MILL MACHINERY. 



Revolving Screens 



Double-Deck Reciprocating Screen 


Screens of all kinds and for all kinds of mate¬ 
rials. Specifications and lay-outs shown in our 
Catalogue No. 35-H, sent on request. 



Car Pullers 

Single and double drum. Ca¬ 
pacities 2 to 18 cars. Gear or fric¬ 
tion drive. For either manila or 
wire rope. 

Car Pullers, 
Hoists and Power 
Shovels illustra¬ 
ted in Catalogue 
No. 35-K. 


Portable Conveyors 

Mounted and unmounted. Let us know the 
kind and quality of material you want to handle. 



Catalogue No. 35-A shows a complete line 
of transmission machinery, including Friction 
Clutches, Gears, Rope Drives, etc. 



Weller Steel Bushed Roller Chain 



Standard Ice Chain 

With and without rollers. Also used in packing plants, 
coal handling, etc. 



Combination Steel and Malleable Chain 


Weights, Working Strain and Specifications, on 
Malleable and Steel Chain Belting, also Conveying 
and Drive Chain, Sprocket and Traction Wheels, 
shown in our Chain Catalogue No. 35-B. 


Weller Expansion Friction Clutches 



Weller Expansion Friction Clutch 

clutch combined 
friction clutch. 


Has fewer parts 
and is more power¬ 
ful for the size than 
any other clutch on 
the market today. 
There is but one 
point of adjustment 
and the clutch is 
practically fool¬ 
proof. It gives 
practically the posi¬ 
tive action of a jaw 
with all the convenience of a 


It makes no difference whether this clutch is in 
a dry, wet, clean or dirty place, it can be covered 
with dust and dirt as in a cement or stone crushing 
plant, or water can be dripping on it, and it will do 
the work just the same. 


Bin Gates 

We make steel 
and cast iron Bin 
Gates to meet 
most any require¬ 
ment. 

Also operate a 
Heavy Sheet Metal 
Department, and 
can supply Hop- 
per^Storage Bins, 
Chutes, Pipe etc. 

Send us your 
specifications for 
prices. 



mining catalog 
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THE B. F. GOODRICH RUBBER CO. 


THE B. F. GOODRICH RUBBER CO. 

AKRON, OHIO 

Branches 
Atlanta, Ga. 

Baltimore, Md. 

Boston, Mass. 

Buffalo, N. Y, 

Chicago, Ill. 

Dallas, Texas 
Denver, Colo. 

THE INTERNATIONAL B. F. GOODRICH CORP. 

London Capetown Singapore 



TRADE MARK 


Branches 
Detroit, Mich. 
Kansas City, Mo. 
Los Angeles, Cal. 
New York, N. Y. 
Philadelphia, Pa. 
San Francisco, Cal. 
Seattle, Wash. 


Rubber Conveyor and Elevator Belts 


Mechanical Rubber Goods of Every Description 

For Transmission Belts, see pages 206 and 207; for Air Drill Hose, see page 303; for Steam Hose and 
Packing, see pages 190 and 191; for Fire Protection and Water Hose and Couplings see pages 794 and 795. 


Rubber Conveyor and Elevator Belts 

A knowledge of how a rubber belt is made— 
what goes into it, and the function of each part— 
is necessary to a clear understanding of the proper 
type and quality of belt for 
each service condition. 

Such a knowledge can¬ 
not be obtained from the 
inspection of a sample or a 
set of samples, for, as 
pointed out below, it is not 
possible to tell by inspec¬ 
tion whether or not the 
component parts of a belt 
are capable of performing 
acceptably the duties de¬ 
manded of them, nor is it 
possible to judge of the 
“balance” between the dif¬ 
ferent elements of the fin¬ 
ished belt. We wish to describe briefly, therefore, 
the various points in belt construction, hoping that 
it may lead those who read this to a clearer under¬ 
standing of rubber belts and their advantages. 

The Duck 

The basis of all rubber belts is cotton duck, wo¬ 
ven according to the ideas of the manufacturer and 
the necessities of the service. In the early days of 
the rubber belt, comparatively little attention was 
paid to duck, it being assumed that weight was the 
only factor of importance and that the heavier the 
duck the better it was from a service standpoint. 
We became convinced after thorough study that 
this method of judging duck was a fallacy and that 
the real problem was the proportioning of the 



\ (*()rn<T of thn e.reat (loodrich Holt Divi.Kion 


weave of the duck to the strains encountered in 
service and the necessity for flexibility, etc. 

With the assistance of the leading duck manu¬ 
facturers, therefore, we worked out special duc’.:s 

for each individual type of 
belt. The advantages of 
these ducks will be describ¬ 
ed under the separate head¬ 
ings, Conveyor, Elevator 
and Transmission Belt. 


Since the weave of the 
duck rather than the 
weight is the factor which 
determines its _juitability 
for the service, it becomes 
apparent that to judge a 
duck by weight is a fallacy, 
and to specify that a duck 
shall be of a given weight 
cannot insure satisfac- 
For example, the proportion 


tory performance 
between the size of the individual warp and filler 
threads has a very distinct bearing upon the trans¬ 
verse flexibility and longitudinal tensile strength, 
yet this important characteristic does not depend 
in any sense upon the weight of the duck. FTur- 
thermore, the amount of twist in each individual 
thread determines its strength, yet it is obvious 
that tightly twisted and loosely twisted threads 
weigh the same. 

The only safe means, therefore, of assuring 
yourself that the proper duck is used in the belts 
you buy is to investigate the reputation of the 
manufacturer and the performance of his belts in 
services similar to yours. 
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The Friction 

The plies of duck in a rubber belt are held to¬ 
gether by elastic bonds of rubber known as friction. 
The process of frictioning duck for rubber belts 
consists in forcing the rubber down into the meshes 
of the fabric by passing it between heavy rollers, 
and the thoroughness with which this is done and 
the quality of the rubber used determine the value 
of the friction in service. 

A good friction has three characteristics—elas¬ 
ticity, strength and life. The elasticity of the rul^ 
ber, that is the length to which each individual 
tendril will stretch before breaking, is most impor¬ 
tant, particularly in running belts over compara¬ 
tively small pulleys, often at high speeds. In pass¬ 
ing over the pulley, the various plies of duck are 
distorted and a certain amount of movement must 
take place if the belt is not to break. The func¬ 
tion of the friction is to permit of this movement, 
and a good friction will allow considerable distor¬ 
tion without breaking the bond which unites the 
various plies. The strength of the friction is 
usually proportionate to its elasticity, though it is 
possible to make very strong frictions which are 
relatively inelastic and which are, therefore, almost 
worthless, since strength without elasticity will not 
prevent ply separation. The aging quality is per¬ 
haps the most important and is the one factor about 
friction which can be determined only by service 
test. It is that quality which insures elasticity in 
strength not only when the belt is new, but after 
years of operation, and the experience of the manu¬ 
facturer, plus the reputation of his belts is the only 
standard by which aging quality can be measured. 


The Cover 

Covers are used on rubber belts for various pur¬ 
poses, depending largely upon the type of belt. In 
the case of transmission belts, the rubber cover is 
usually omitted unless unusual conditions, such as 
steam, acid fumes or excessive moisture make it 
necessary to protect the duck from deterioration. 
In the case of conveyor belts, covers are universally 
used and are proportioned in thickness and quality 
to the type of material handled, its abrasive quality 
and its weight. Thus, heavy sharp ore requires 
better and thicker covers than fine coal or stone. 
Covers on elevator belts serve the function of pro¬ 
tecting the body of the belt from the abrasion 
caused by material which may fall between the belt 
and the pulley and that which may work its way 
between the bucket and the belt. The handling of 
wet fine material which has a scouring action on 
the cover requires different quality and construc¬ 
tion from that of heavy lump material which 
grouges and tears, and often punches holes through 
the duck itself. 


The Edge 

No special edge construction, as a rule, is neces¬ 
sary for transmission belt, since good practice does 
not permit of the edge coming in contact with any¬ 
thing which would wear it, but in conveyor belt 
practice, edges are often tom and gouged by the ac¬ 
tion of guide idlers, etc. It is necessary that thei 
edge be so constructed that it will hot peel off, and 
this we have provided for by an exclusive method 
whereby the top cover is carried around the edge 
and vulcanized into the back cover, thus making a 
unit between the edge of the belt and the covers. 
This construction will not peel or tear off, but will 
last as long as the belt itself. 



Balance 

By “Balance” we mean the correct proportioo- 
ing of the various parts of a belt in relation to the* 
service which they are to perform so that no onel 
part will out-last the other by any considerable 
margin. It is obviously unwise for heavy service 
to use anything but the heaviest best quality cover, 
and it is equally foolish to combine with that cover, 
duck too light to stand up under the strains inci-i 
dent to such service. Goodrich belts are so bal¬ 
anced in their construction that each part will give 
maximum of wear and that when the belt is finally 
worn out no one part will be capable of appreciable 
additional service. 

CONVEYOR BELTS 

The choice of a conveyor belt depends on a num¬ 
ber of factors, chief among which are the character 
of the material, the size of the material, the method 
of feeding on the belt, the method of discharging it 
from the belt, the capacity and speed of the belt 
and the length of the belt. It is our purpose in the 
description which follows of our various belts to 
indicate in a general way the classes of service forf 
which each is intended and to assist you, insofar 
as possible, in choosing the proper belt for your 
service. Our experience and knowledge are always 
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at your disposal, and we should be glad to consult 
with you at any time regarding the proper belt for 
any service condition which you may have or to 
assist you in the working out of your own special 
problems. 



Longlife 

LONGLIFE is probably the best known con¬ 
veyor belt in the world. A multitude of repre¬ 
sentative industrial concerns in every comer of the 
globe consider it their standard, and have been 
using it continuously and exclusively for years. 

Its field is general heavy duty service; handling 
heavy lump material such as run of mine ore and 
coal, hot materials such as cement during manufac¬ 
ture, very abrasive materials such as coke, etc. It 
is the 100% dependable belt for the place where 
belts are worn out quickly in continuous service, 
and where fractional savings in cost per ton carried 
are vital. 


Not only the holding power, but also the aging 
quality of the friction make LONGLIFE belt, new 
or old, proof against ply separation. 

LONGLIFE’S cover has been so perfected that 
the most severe continuous abrasion produces only 
very slow wear. It also offers remarkable resist¬ 
ance to acids, heat, and in fact all agencies com¬ 
monly ruinous to rubber belts. Our method of 
applying the cover in manufacture is such that its 
adhesion to the body of the belt may be dei>ended 
upon throughout the life of the belt. 

There is not a single freak feature about the 
construction of LONGLIFE. It is a common sense 
belt, designed along common sense lines. Its years 
of universal success are due purely and simply to 
its merit. 


Maxecon 

MAXECON spells MAXimum ECONomy in 
handling the finer, lighter or less abrasive materials 
such as sand and gravel, coal in the smaller sizes, 
sugar, salt, etc., and wherever the duty is not ex¬ 
tremely exacting or the service is non-continuous. 

MAXECON is built on a duck that combines 
strength longitudinally with transverse flexibility 
for troughing and has no excess weight not needed 
for strength and “body”. Its friction and cover 
are of quality that insure perfect balance and en¬ 
able us to offer, at moderate first cost, a belt that 
will last long and earn remarkably low tonnage 
costs in the end. 


The duck in LONGLIFE is highly flexible cross¬ 
wise, as well as strong lengthwise. Consequently, 
loaded or unloaded, it troughs of its own weight and 
therefore runs straight and true. Careful study 



The popularity and dependability of MAXECON 
is indicated by the remarkable demand for it among 
many of the foremost manufacturers of conveyor 
machinery who, year after year, continue to supply 
it as part of the standard equipment they manu¬ 
facture. 



of conveyor needs has enabled us to design this 
duck so that every ounce of its weight is distributed 
to the best advantage to meet most economically 
the demands of heavy duty service. 


OBSERVE]—The Perfect Trough of Our Belt 
It Makes a Belt That— 

Huns Straight and True 

Is Easily Trained 

Saves in Operating Expenses 

Has No Edge Abrasion 

Is “Satisfaction*' to the Operator 
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Super-Longlife 

Where great masses of heavy, coarse material 
strike tremendous blows as they come upon the 
belt, and where the impossibility of proper super¬ 
vision and up-keep combine with the most unfav¬ 
orable operating conditions to ruin anv ordinary 
belt, there SUPER-LONGLIFE finds its task. 

Strength is the dominant characteristic of this 
belt. We believe it is the nearest approach to an 
indestructible conveyor belt that has so far been 
produced. 

SUPER-LONGLIFE has a specially woven duck 
of unequalled strength and toughness, weighing 
about 30% more than the heavy common ducks 
used in the better grades of standard conveyor 
belts. The plies are held together by a friction that 
has strength and toughness to match. To this as a 
body, we have added a cover of the highest wear- 
resisting stock and tied it on so securely by meana 
of a special cloth insertion construction that it will 
never be gouged or ripped off. 


Goodrich Dredge Belt 

Interruptions to the operation of gold dredges 
are apt to be excessively costly. Besides the actual 
loss of time and output, repairs and replacements 
are unusually troublesome and expensive in the 
isolated locations where the dredges usually 
operate. 

Therefore, dependability in long hard service 
is a requisite of all the equipment. 



The Stacker Belt must have these qualities, and 
must remove thousands of tons of tailings day in' 
and day out, doing its extremely heavy work with 
the least possible care and superintendence. 


MINING CATALOG 


Goodrich Dredge Belt meets these require¬ 
ments. It is of especially rugged construction 
throughout, made particularly for meeting the 
hardships of stacker service. It can be furnished 
in any desired ply and cover thickness, with either 
standard or raised center top cover. 


Vanner Belts 

Goodrich Vanner Belts are the result of years 
of careful investigation of the actual needs of the 
mining industry. They are designed and con¬ 
structed with extreme care, so that the finished 
belt will give the even distribution of material nec¬ 
essary for economical operation. They meet the 
ideal of long life with a high efficiency of concen-* 
tration. 

The flanges have fabric reinforcement, and 
their construction is such that they are capable of 
withstanding sharp bending around the pulleys 
without distortion. Smooth or corrugated top belts 
can be furnished as desired. 


ELEVATOR BELTS 

In Goodrich Elevator Belts, you will find com¬ 
bined to the utmost degree, strength, wear resisting 
qualities and body. Whether your service be the 
elevating of wet fines, that bugbear of "every mining 
man, or the handling of dry rock, Goodrich make^ 
a belt designed and constructed to give the maxi¬ 
mum of wear. 

Our services are always at your disposal in the 
solution of your elevating problems. 


New Mining Elevator Belt 

Developed especially for handling the fine wet 
materials (fines) characteristic of metal mining 
and milling operations. This work is particularly 
hard on elevator belts; the fine wet ores are ex¬ 
tremely abrasive, as well as very heavy, and the 
lifts are often long. Tremendous tonnages must 
be handled continuously, demanding belts of the 
utmost reliability. Ordinary belts quickly wear 
through their covers and plies under the severe 
abrasion, and once the cover is worn or tom off, 
water gets into the fabric and completes the 
ruin. 

NEW MINING is built on a special closely 
woven, hard and tough duck, as impervious to wear 
and water as a belt fabric can be made. An extra 
cushion of extra good friction between each ply 
gives greatly increased flexibility, elasticity and 
moisture resistance. 
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000 RUBBER BELTING. 


THE B. F. GOODRICH RUBBER CO. 



TRADE MARK 


Rubber Conveyor and 
Elevator Belts 



TRADE MARK 


The standard construction has 3/32" thick cov- 
era of the highest quality, perfecting to a still 
higher degree the wear and water proof qualities 
of the belt. And the cover, anchored to the belt 
with tie gum in which is imbedded open mesh fab¬ 
ric, simply will not wear, gouge or peel off. 

NEW MINING has made good on its merits in 
many of the foremost mining plants, and has es¬ 
tablished records of unprecedented long service in 
several of them. 


Super-Elevator 

Super-Elevator is built for handling the heavi¬ 
est, largest lump materials, and for resisting suc¬ 
cessfully the most damaging shocks that an ele¬ 
vator belt encounters in this service. 

This belt is the solution of the troubles of ele¬ 
vator oi)erators who are compelled to keep their 
belts operating where abnormally destructive con¬ 
ditions prevail that cannot be readily remedied. 

Of all belts we know SUPER-ELEVATOR 
approximates most nearly an indestructible ele¬ 
vator belt. Extremely heavy duck is used, and the 
friction and cover also are of the kind that will 
stand punishment to the limit. 

A good place to try out SUPER-ELEVATOR is 
where the best elevator belts you have previously 
tried fail to show the necessary staying qualities. 


Akron 

Where hard, abrasive lump material such as 
stone, slag, etc., are to be elevated; where lifts are 
long and wear and tear on the belt liable to be 
severe, operators have for years been demanding 
AKRON. Its popularity and success in dry service 
has been truly immense. 

AKRON is built on a heavy tough duck giving 
unusual strength, freedom from stretch, and resist¬ 
ance to any forces tending to wrench or tear loose 
the buckets. In line with our policy of never build¬ 
ing a poorly balanced belt, the friction and cover 
match up in quality with the duck. 

The belt may be had with standard cover thick¬ 
ness (1/32" over all) or with thicker top or back 
covers, or both, if the service demands. 


sive materials such as sand, clay, etc. High grade 
throughout, its duck has the strength and body 
needed for properly holding the bucket bolts, ite 
friction is one of our best time-tried values, and 
its cover of the same grade that has made our 
MAXECON belt famous. 

Standard 1/32" cover on top, back and edges. 
Where conditions require it, we can furnish thicker 
than standard cover to meet any need. 


Elevator Bucket Washers 

Placed over the bucket bolts, these rubber wash¬ 
ers separate the bucket from the belt, lessening the 
abrasive wear on the belt, with corresi)onding in¬ 
crease of efficiency and longer life. 

By providing spaces between the belt and buck¬ 
ets, and between the washers themselves, they pre¬ 
vent fines from collecting and wedging between. 
The outlet for this material between the washers 
renders them immensely superior to the pieces of 
old belt or “scabs”, sometimes used for the purpose. 

Acting as a springy, elastic cushion, the wash^ 
ers lessen the strain on the bolts, at the moment 
of passing over the pulley. They also serve to seal 
and protect the bolt holes in the belt, keeping out 
moisture from the belt carcass at these holes. This 
is accomplished by having the washers fit the bolts 
tightly, and we are careful to work to exact meas¬ 
urements in this respect. 



Mor'Econ 

MOR-ECON is recommended for general ele¬ 
vating work, in handling the lighter and less abra- 


Can be furnished in any size. Orders should 
specify diameter of washer, bolt and thickness 
wanted. The size in most general use is IV^" di¬ 
ameter, 5/16" thick, for or 5/16" bolts. 
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NEW YORK BELTING & PACKING CO. 


RUBBER BELTING. 


NEW YORK BELTING & PACKING CO. 


New York.91-93 Chambers St. 

Boston.65 Pearl St. 

Chicago.124-126 West Lake St. 

Philadelphia.821-823 Arch St. 

Pittsburgh.420 First Ave. 


fSf J846\^l 


Denver.1635 Seventeenth St. 

St. Louis.218-220 Chestnut St. 

San Francisco.519 Mission St. 

Salt Lake City.313 Pelt Bldg. 

El Paso.Martin Bldg. 


Conveyor Belts, Elevator Belts, Transmission Belts 


For Air Drill Hose See Page 304 


Products 

Belting. Conveyor—Elevator—^Power Trans¬ 

mission. 

Hose. Air Drill—^Water—Suction—Steam— 
Fire Protection—Acetylene Welding. 

Packing. Sheet Rub¬ 
ber—Superheat Sheet— 

Piston — Hydraulic — 

Valve Stem—Gaskets. 

Pump Valves. 

Indestructible Conveyor 
Belting 

Gives maximum service 
under conditions that 
make the use of ordina^ 
belting more costly in 
the long run. 

The cotton duck used in 
Indestructible Conveyor 
Belting has great tensile indestructible c 

strength that withstands 

excessive strains with a wide margin of safety. 
The rubber friction uniting the plies of duck is 
particularly strong and tenacious with a remark¬ 
able ageing quality. As the life of a belt is usually 
limited to the life of the rubber cover, great care 
is exercised in selecting and compounding the stock 
for the cover of Indestructible Belts. The rubber 
cover can be relied upon to retain its strong adhe¬ 
sion to the fabric, and remain pliable throughout 
the life of the belt. 

Elevator Belting 

Built with the necessary strength to stand up 
under the tension of heavy duty. The cotton 
duck used in our Elevator 
Belts possesses unusual 
endurance, with strength 
where it is rpost needed 
—at the point where the , 
buckets are bolted on. 

Particular attention is 
given the selection of rub¬ 
ber stocks for the covers A 
of our Elevator Belts to 
suit the service for which 
they are intended. 

Test Special Transmission 
Belting 

The highest quality 
belting for all power „ „ 

i ^ Test Special Beltine, dri' 

trEnsmiSSlOn purpOS6S. southwestern Shipbuilding 


Made from specially woven cotton duck of great 
tensile strength, the plies of which are inseparably 
bonded with a rubber friction that retains its 
adhesion under the hardest service. Waterproof, 
flexible, strong and durable. Withstands expo¬ 
sure to dust, grit and 
moisture. Has a fric¬ 
tion surface which gives 
the maximum pulley 
grip. 


Test Special Rubber Belt¬ 
ing shows economy in 
initial cost and its free¬ 
dom from stretch is a 
protection against trou¬ 
ble in operation. 



Packing 


Indestructible Conveyor Belting. 


•nveyor Belting. Packing for all purposes, 

steam, air, hot or cold 
water, acid, oil, chemicals, etc. Write for Packing 
Catalog. 

INDESTRUCTIBLE White Sheet Packing is a 
rubber packing for general use. 

FIRO Sheet Packing for superheat service. 

COBBS Piston Packing for pressure to 150 pounds. 


Pump Valves 
Made from properly 



Test Special Belting, driving air compressor plant. 
Southwestern Shipbuilding Co., East San Pedro, Calif. 


compounded rubber stocks to 
meet mine pumping con¬ 
ditions, ranging from 
valves for power plant 
use to valves for deep 
mine pumps, hot or cold 
water, gritty water, etc. 
Our experience is at your 
command. 


Catalogs 

We issue a general 
catalog covering all prin¬ 
cipal products and special 
catalogs on the following: 
Test Special Belting, 
Packing, Pump Valves. 
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0^ RUBBER BELTING. QUAKER CITY RUBBER COMPANY. 


QUAKER CITY RUBBER COMPANY 

Main Office and Factory. PHILADELPHIA 

Branches 

CHICAGO PITTSBURGH NEW YORK 

Manufacturers of 

Mechanical Rubber Goods 


Products 

P.P.P. Rod Packing; Ebonite Sheet Packing; 
Ironsides Transmission Belt; Desert Conveyor 
Belt; Rubber Belting; Rubber Hose for all pur¬ 
poses; Rod and Sheet Packings; Pump Valves; 
Gaskets; Rubber Mats and Matting; Moulded 
Goods; Tubings; Automobile Tires and Tubes, and 
a complete line of Mechanical Rubber Goods. 
Rubber Belting for Conveying of Materials 

There are so many diversified places where con¬ 
veyor belting can be used that it is our invariable 
practice to make every conveyor belt to exactly 
meet the working conditions. 

Every conveyor belt of our manufacture is made 
of the proper number of plies of duck of great 
tensile strength, flexibility and pliability, which 
enable the belts to pass freely over the pulleys and 
to trough thoroughly. The rubber friction between 
the plies prevents separation and protects the fabric 
from the destructive effects of moisture. Our belts 
will trough of their own weight. They are not stiff 
and will not ride the side incline idlers. 

Conveyor belts are furnished with reinforced 
covers on conveying side 1/16" to thick. 




Quaker City Conveyor Belt 


Our DESERT Conveyor Belt is designed to give 
maximum service under conditions that would make 
the use of lower grade belting considerably more 
expensive in the end. In all the essentials of a belt 
for conveying purposes, DESERT is easily the 
leader. DESERT is recommended for extra hard 
work. 

QUAKER CITY Conveyor Belt has an enviable 
reputation among belt users for consistent per¬ 
formance in the belting field. It is an extra quality 
belt, recommended for conveying ores, sand, gravel, 
rock, run-of-mine coal, etc. 

Consult our belting experts on any information 
desired on conveying problems. We stand ready at 
all times to assist you. 
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Rubber Hose 

For Hot or Cold Water, Steam, Air Drill, Pneu¬ 
matic Tool, Fire Protection, Suction, Chemical, Oil, 
and all purposes where rubber hose is used. Each 
grade and brand is made with special care to render 
the best service for which it is intended. 

Rubber Belting For Power Transmission 

There existe in the power transmission field so 
many various conditions that one grade of belting 
could not economically or properly do the work. For 
this reason we furnish a line of rubber belting so 
graded to correctly take care of any requirement 
you may have in this field. 

Our three leaders IRONSIDES, QUAKER CITY 
and CROWN, are used extensively in the Metal 
Mining Industry, for main drives, compressors, 
crushers, and similar hard duties. 

Daniel’s P.P.P. Rod Packing 

Unequalled for the pack¬ 
ing against steam, water, air, 
ammonia and other fluids on 
engine, pump and compressor 
rods. 

Furnished in all sizes from 
3/16 up. Special P.P.P. for steam 
pressures over 100 pounds (when 
not superheated), high ammonia 
pressures, high hydraulics, very 
not water, air pumps, etc. Regu¬ 
lar P.P.P. for steam pressures of 
100 pounds or less, ordinary water Daniel's P.P.P. Rod 
pressures, cold or warm, low am- Packing 

monia pressures, etc. 

Ebonite Sheet Packing 

Ebonite has been found to be the most service¬ 
able packing for high pressures, superheated steam, 
hot water, ammonia, oils, acids, and all other kinds 
of joints requiring packing. 

Furnish^ in rolls 36 inches wide and in thick¬ 
nesses of 1/32, 1/16, 3/32, %, 3/16 and 1 / 4 , inch. 
Also wire and cloth insertion if desired. 

Packings 

Of all kinds for piston and valve rods in ring, 
spiral or coil forms. Sheet Packing for flanges and 
joints. 

cold water, ammonia, _ 

acids, oils, air con- 

densers, boiler feed- *1:1 

water pumps, mine 

pumps, air pumps, ^ ® 

etc. There is a Quak- Pump vaives 

er Valve specifically 

made for every purpose to perform a certain duty. 
The following are a few of our standard stocks: 

No. 1100. Soft valve for cold water pressures up to 60 
pounds, for w’ater containing grit, sand, etc. 

No. 1234. Medium hard valve for cold water up to 150 
pounds pressure or warm water up to 170 degrees. One of our 
popular sellers and is, without exception, the best value on 
the market. 

No. 1101. Hard valve made from our celebrated EBONITE 
stock, especially suited for work on Boiler Peed Pumps. For 
pressures up to 250 pounds. This valve has the reputation of 
being the best hot water valve on the market. 

No. 2004. A high grade valve of soft red stock for Con¬ 
denser Air Pump. This valve gives excellent satisfaction. 
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UNITED STATES RUBBER CO. 


RUBBER BELTING, 


UNITED STATES RUBBER COMPANY 

1790 Broadway, NEW YORK 

Branches in Every Industrial Center 

Transmission Belting, Conveyor and Elevator Belts 




Products 

Belts—Conveyor, Elevator and Transmission. 


highest quality and the durable rubber cover is of 
a specially compounded stock that affords perfect 
protection to the fabric. 


“U. S.” Matchless Conveyor Belt 

In manufacturing a conveyor belt that will par¬ 
ticularly meet the requirements of the mining 
industry the severe conditions under which it must 
operate have been taken into consideration. 

The “U. S.” Matchless Conveyor Belt is the 
product of long experience and a deep knowledge 
of belt manufacturing. It is a high quality rubber 
covered belt that combines economy and long serv¬ 
ice in the handling of ore, rock, coal, slag, etc. It 



“U. S.” Matchless Conveyor Belt 


“U. S.” Matchless belts are especially adapted 
to work in mining sections where abrasive mate¬ 
rials are handled and belts are subjected to consid¬ 
erable moisture. 


‘TJ. S.” Rainbow Transmission Belting 

For an all-around transmission belt that will 
meet the greatest number of various conditions we 
recommend “U. S.” Rainbow Friction Surface 
Belting. 



will withstand extreme weather conditions and the 
tough rubber cover offers great resistance to wear 
and abrasion. 

“U. S.” Matchless is furnished with regular 
cover, or with special covers of added thickness for 
si>eciar requirements. The compound used in the 
covers is of extra toughened stock capable of stand¬ 
ing up under the most severe usage. 

“U. S.” Matchless Elevator Belt 

“U. S.” Matchless Elevator Belts are made with 
a particular eye to service. The duck is of the very 


“U. S." Rainbow Transmission 
Belting 

The physical qualities embodied in this belt are: 
pliability, making it adaptable to high speeds— 
weight, for steadying the belt under variable loads 
and strength, making it well adapted for heavy 
duty on main drives. 

“U. S.” Rainbow is a properly balanced combi¬ 
nation of duck and rubber, uniform in construction, 
and possessing high tensile strength with a mini¬ 
mum of stretch. It grips the pulleys and delivers 
full power. 
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AUTOMATIC WEIGHING. 


AUTOMATIC WEIGHING MACHINE COMPANY. 


Automatic Weighing Machine Company 

50 Church Street, NEW YORK, N. Y. 

Automatic Weighing Machines 


Products 

“Blake-Denison” Automatic Continuous Weigher 
and Recorder; “Automatic” Weighing Machines; 
“Twin-Tank” Liquid Weigher. 

“Blake-Denison” Automatic Weigher and Recorder 

This machine is devised for weighing and re¬ 
cording in any desired denomination of weight, 
any quantity of powdered, granular or lump ma¬ 
terials, such as ore, cement, coal or other material, 
while travelling over any type of conveyor other 
than the spiral screw. 

The weigher consists of a weighing beam, bal¬ 
anced to suit the unloaded conveyor arranged 
underneath. The general appearance of the ma¬ 
chine is shown in the illustration below, from 
which it will be seen that the principle is that of 



“Blake-Denison ' Automatic Weigher and Recorder 


suspending a short section of the conveyor and of 
weighing the material as it passes over it without 
stopping. This is effected by means of a gripping 
device which holds the weighing beam rigid at pre¬ 
determined intervals, while, simultaneously, a 
measuring quadrant records the weight. Thus, if 
a section is 10 feet long, the machine will weigh 
and record the weight of the material every time 
the conveyor travels 10 feet, within a maximum 
error of 1/2 of 1 per cent. Oscillations of the beam 
are dampened by a hollow plunger attached at the 
middle of the weighing beam and suspended in a 
bath of mercury. 

Registration—The ag^egate tonnage recorder 
shows the total net weighings, usually in tons, with 
a dial showing sub-divisions, and can be consulted 
as frequently as necessary. Re^stration can be 
made in any unit of weight desired. There can 
also be provided an electrical recorder to be placed 
at any distance from the recorder, records being 
made upon a paper chart. 

Use—^These continuous belt weighers are con¬ 
structed to handle loads up to 1,000 tons per hour 


and speeds of 20 to 500 feet or more per minute. 
They are in use for every class of material both at 
home and abroad, ashore and afloat. It should be 
noted that the weighing machine is driven by either 
the upper or lower member of the conveyor, and 
that any type of conveyor can be used, either hori¬ 
zontal or inclined, as may be the most convenient 
for the material handled. 

The following illustrations show two different 
applications of the “Blake-Denison” Weigher and 
Recorder to conveyors. Note that in one case the 
weigher is driven from the lower member of the 
system and in the other case from the upper 
member. 



Conveyor Conveyor 


Accuracy—On account of.the positive locking 
of the weighing beam, the total weight follows 
with mechanical accuracy, '^e “Blake-Denison” 
is guaranteed, when properly erected and operated, 
to weigh within of 1 per cent. 

The “Blake-Denison” is a legal weighing instru¬ 
ment in Great Britain and its Colonies, and is also 
in use by the United States Government. 

Inquiry—As every installation presents a prob¬ 
lem peculiar to the work the weigher is to perform, 
and in order to quote correctly, it is necessary that 
the following information be supplied: 

1. Location of weigher. 

2. Type, width, maximum carrying capacity, 
and speed of the conveyor in feet per minute and 
whether level or inclined. 

3. Dial and counter graduations desired. 

4. Detail drawing showing cross'section of 
the conveyor. 
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MERRICK SCALE MFG. COMPANY. 


CONVEYOR WEIGHING. 


m 


MERRICK SCALE MFG. COMPANY 


178 Autumn Street, PASSAIC, N. J. 

cable: addre;ss 

•'Welgrhtom, Passaic, N. J.” 


CODES: 

A. B. C., Western Union 


Designers of Conveyor Weighing Installations 


THE WEIGHTOMETER 


Weighing Materials in Transit 

The Merrick Conveyor Weightometer is an 
adaptation of a platform scale designed for the 
automatic weighing of conveyor handled materials 
while in transit. Where time as well as accurate 
weight is an important factor in the loading, un¬ 
loading or transporting of materials by conveyors, 
the Weightometer meets the requirements. It 
records the weights with a guaranteed accuracy of 
99%, without hindering in any way the handling 
of the materials. 

Uses 

Some of the materials handled are as follows: 
Ores of all kinds, such as Copper, Zinc, Iron, 
Pyrites, Lead, Tin, Aluminum, Gold and Silver, 
Concentrates, Limestone, Calcite, Rock, Sand, 
Gravel, Sulphites, Caliche, Coal, Coke, Paper and 
Cement Mill Products, etc., etc. 

The Merrick Method 

The Merrick Weightometer is designed for use 
with any size or style of belt or pan conveyor. It 
will weigh successfully any material which can be 
carried by the conveyor. 



Illustration Shows Front View of Weightometer on 
Belt Conveyor—Front Casing Sheet Removed 


it must be installed. Being adapted principally for 
use on belts, the machine can be fitted for prac¬ 
tically all inclinations, sizes, types, capacities and 
speeds compatible with conveyor practice. 



Typical Installation of Merrick Conveyor 
Weightometer 


In order to render installation by purchaser 
easy, machine is made one of mechanical move¬ 
ments throughout. Thus it is easy for any intel¬ 
ligent mechanic to readily understand the function 
of each part, to operate and to adjust whenever 
necessary. This mechanical simplicity accounts in 
part for the low maintenance cost. 


A section of the conveyor belt is supported on a 
floating platform. This platform is hung on com¬ 
pound levers and balanced by an iron float in a 
cylinder of mercury. The movement of the float is 
a direct measure of the weight on the conveyor belt. 
An integrator multiplies this weight by the speed 
of the conveyor. The sprocket chain drives the 
integrator from the return belt of the conveyor. 

Design 

Since it is very seldom that any two conveyors 
are alike in all characteristics, each Weightometer 
is designed to suit the particular conveyor on which 


Essential Features 

The important advantages of the Merrick 
Weightometer are: easy installation; automatic 
operation; no expense for attendance; durability; 
simplicity; sheet iron enclosure for all working 
parts, thereby eliminating ej^osure to dust and 
interference by tampering; weighing without inter¬ 
ruption of conveyor service, and a high degree of 
accuracy, whether the load be intermittent or 
uniform. 

The Weightometer is also adaptable to cable 
car and aerial tramway installations. 
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672 pQJPQMeters. 


THE SCHAFFER ENGINEERING & EQUIPMENT CO. 


Schaffer Engineering & Equipment Company 

General Offices 
2828 Smallman Street 
PITTSBURGH, PA. 

Weighing and Compounding Machines 


Products and Services 

Poidometer, for Weighing and Compounding 
materials. 

Continuous Lime Hydrator. 

Industrial Engineers, specializing in the Non- 
metallic Mineral Industries. Calcining Systens, 
Hydrating Systems. 

The Poidometer 

For use where materials up to 4-in. cubes are 
required to be weighed or compounded with absolute 
accuracy. 

It is a self-contained unit, foolproof, built for 
heavy service, and yet so nicely balanced that it re¬ 
sponds to the weight of a silver dollar. 

In the ordinary installation the Poidometer hop¬ 
per encloses the opening in the material bin. Where 
a continuous and uniform flow of material is re¬ 
quired, the tonnage (or fraction) per hour is reduced 
to pounds per running foot of belt, to which the cali¬ 
brations on the scale beam correspond. 

Thus, if the weight on the scale beam is set at 
16 lbs., it will require exactly this weight per foot 
of belt to balance the beam, and if the speed of the 
belt is regulated to say, 40 f.p.m., the Poidometer 
will deliver 10 lbs. per second, 600 lbs. per minute, 
or 18 tons per hour, with a guaranteed accuracy of 
not less than 99i/4%. 


A variation in the tonnage is possible by shift¬ 
ing the scale beam weight, which can be locked in 
place if desired. 

The Poidometer will automatically refuse to 
operate unless it receives the weight of material 
called for on the scale beam. 

The material is prevented from clogging or 
bridging by an agitator in the Poidometer hopper, 
which makes a half revolution and reverses itself. 

A Productometer attachment records the feet 
of belt travel, and thus the weight of the material 
handled in a given time. 

Our Weighmaster attachment converts the Poid¬ 
ometer into a batch weigher. 

Liquidometer Attachment—^This adjunct to the 
Poidometer delivers liquids in proportion to solids, 
or the process can be reversed so that solids will be 
d slivered in proportion to liquids. 

Poidometers are equipped with automatic con¬ 
trols as standard equipment. 

There is nothing about the Poidometer to get 
out of order, and users report that machines in use 
for ten years have cost not one cent for repairs. 

Let us solve your weighing, compounding or 
tempering problems. 
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DINGS MAGNETIC SEPARATOR CO. 


MAGNETIC CONCENTRATING EQUIPMENT. 0»7Q 


DINGS MAGNETIC SEPARATOR CO. 

General Office and Works 

MILWAUKEE, WISCONSIN 

NEW YORK DENVER RICHMOND DETROIT CHICAGO 

52 Vanderbilt Ave. 1718 California St. 1905 E. Main St. 805 Hammond Bldg:. 616 S. Michigan Ave. 

PITTSBURGH CLEVELAND ST. LOUIS EL PASO, TEXAS 

1522 Oliver Bldg. 730 Engineers Bldg. 1004 Federal Reserve Bldg. 1st National Bank Bldg. 

Magnetic Pulleys and Magnetic Separators 


Products 

Magnetic Head Pulleys; Magnetic Separators for 
Iron, Steel and Brass Foundries, and for Reclaim¬ 
ing Metals; Suspended Type Magnets; Magnetic 
Chutes; Launder Magnets; High Intensity Separ¬ 
ators for Weakly Magnetic Minerals, Both Dings 
and Rowand-Wetherill Types; Magnetic Drums for 
Wet or Dry Concentration of Iron Ores; Complete 
Plants for Magnetic Concentration; Davis Magnetic 
Tube Concentrators for Laboratory Work Upon 
Magnetic Ores; Electro Magnets; Conveyor Mag¬ 
nets; Safety Magnets; Magnetic Spouts; Standard 
and Special Separators; Crusher Protectors; Mag¬ 
netic Log Washers. 

Magnetic Pulleys 

Magnetic Pulleys are used in crushing plants to 
remove iron and steel from the ore and to protect 
the crushing machinery from breakage. They are 
also used in concentrating magnetic iron ores. 

The DINGS MAGNETIC PULLEY is designed 
in accordance with modem electrical practice and 
from the results of special investigations and tests. 

The coils are impregnated by vacuum and pres¬ 
sure, with a high melting point insulating com¬ 
pound. Impregnation has several advantages 
other than increasing the di-electric strength of the 
insulation. Unimpregnated coils are poor conduc¬ 
tors, and frequently the temperature, of hot points 
at the center of the coil, is high enough to char the 
insulation. Impregnated coils have good radiating 
properties, and a very slight rise in temperature in 
the interior. Consequently, our pulleys are not sub¬ 
ject to breakdowns and short circuits, such as are 
liable to occur in the unimpregnated types. 



Din^s Pulley Type Magrnetic Separator. Showing How Tramp 
Iron is Removed from Conveyed Material. 


Another advantage is, that our coils are impreg¬ 
nated in place, cementing the coils to the cores. 
This construction prevents shifting of coils, and 
cutting of connections, as well as excluding mois¬ 
ture, and so-called "sweating”. 
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These are a few of the improved features found 
in DINGS MAGNETIC PULLEYS, Bulletin 26 
gives full information in regard to standard sizes, 
capacities, etc. 


Principle of Operation Rowand-Wetherill Separators. 

Magnetic Concentration and Separation 

Magnetic separation is used for the separation 
of minerals which are susceptible to a magnetic 
force from those which are not attracted. It is 
also applied to minerals which have different de¬ 
grees of magnetic susceptibility. It is particularly 
valuable where the minerals have approximately the 
same specific suavity. 

The following table gives some of the separ¬ 
ations that are made by magnetic machines: 


MAGNETIC 


PURPOSE OP SEPARATION 

MINERAL 

TYPE OF ORE 

AND REMARKS 

Macnetite. 

... .Iron Ore. 

... Concentration low grade Iron Ores 

Pyrites*. 

_L«ad Zinc Ores.. 

... Removal of iron penalised by sine smelters 

Wolframite. 

....Tungsten Ores... 

... Raising grade of ore and removing tin 

Ilmenite. 


1 .. .Producing clean oemoentnte high in Thorium 

Iron Minerals... 


... Producing high grade abrasire 

Garnet. 

_Garnet. 

-Clean Garnet ton abrasive 

Pyrrhotlte. 


... Raising grade and removing iron penalities 

Plates*. 


... Raising grade of tin concentrates 

Sidcrite. 

.Clay. 

... Improving refractory qualities 

Garnet. 

.... JBcheelite. 

.. .Improving grade 

Chromite.. 


... .Chromite from other heavy minerals 

Marmatlte.. 


-Magnetic Blende Dom Pyrites 

Iron Minerals... 

_Silica. 

... High Grade Glass Sand 

Epidote.. 


... .High grade Zircon concentrate 

PjToluslte. 

_Manganese. 

... .Removing Silica which is non-magnetic 

Frank] Inlte. 

... .N.J. Zinc Ores.., 

-(Separating complex Zinc manganese 

-(Ores of the same ^ecifle gravity 

Rhodonite. 

... .N.J. Zinc Ores.., 

*Requlre8 a 

skin roast to convert 

into magnetic sulphide. 


Laboratory Tests 

We have a complete testing laboratory in our 
Milwaukee factory. Samples will be separated for 
those interested. There is no charge or obligation 
for this service. 

Facilities 

We are prepared to furnish either standard or 
special tjT)es, for wet or dry work, with low, medium 
or high intensity magnetic fields. We are specialists 
in magnetic separation and make the installation of 
magnetic separating equipment and the solving of 
magnetic separation problems our sole business. 

Bulletins sent on request. 
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MAGNETIC CONCENTRATING EQUIPMENT. 


MAGNETIC MANUFACTURING CO. 


MAGNETIC MANUFACTURING CO. 

Main Office and Works 

736 WINDLAKE AVE., MILWAUKEE. WIS. 

Branch Offices 

NEW YORK CHICAGO ATLANTA CINCINNATI PHILADELPHIA 

PITTSBURGH CLEVELAND ST. LOUIS LOS ANGELES BUFFALO 

‘'High Duty" Magnetic Pulleys and Magnetic Separators and 
Special Magnetic Equipment 



Products 

Magnetic Pulleys; 

Magnetic Separators; 

Magnetic Ore Concentrators; 

Safety Magnets; 

High Intensity Magnetic Separators; 

Special Magnetic Equipment. 

"High Duty” Magnetic Pulleys 

“High Duty” Magnetic Pulleys are used to 
protect crushing and grinding machinery from 
damage due to stray iron. These magnetic pulleys 
when used as head pulleys of belt conveyors feed¬ 
ing the crushing plant, remove all stray iron such 
as bolts, track spikes, mule shoes, drill points, 
sledge hammer heads, etc., which are frequently 
found in coal, ore and rock. 

“High Duty” Magnetic Pulleys are made in all 
diameters and for all belt widths from 12" to 60" 
and can be installed in place of the ordinary cast 
iron head pulley of a belt conveyor. Where no belt 
conveyor is available, we usually furnish a complete 
Magnetic Pulley Separator. This separator con¬ 
sists of a short belt conveyor mounts on a steel 
frame, and having a magnetic pulley as a head 
pulley. 

Operation 

As illustrated by Fig. 101, the operation of “High Duty” 
Magnetic Pulley is extremely simple. The Magnetic Pulley 
is used as the head or driving pulley of a belt conveyor. 



The material is discharged downwardly as it passes over 
the magnetic pulley and any iron contained therein is at¬ 
tracted by the powerful magnetic pull and held firmly 
against the surface of the conveyor belt, and is discharged 
underneath the pulley as the belt leaves the pulley surface. 
The magnet coils in the pulley are energized by direct cur¬ 


rent. No breaking of contacts or scraper is necessary to 
effect the discharge the iron being gradually carried out of 
the magnetic field. 

Because of its superior design, and construction, the 
“High Duty” Magnetic Pulley is from 25% to 60% stronger 
than any other magnetic pulley of equal size. It is the 
only ventilated magnetic pulley on the market. Because 
the “High Duty” Magnetic Pulley is stronger its capacity 
is larger and a larger overload can be taken care of. 



“High Intensity" Magnetic Separator. 
Send for Bulletin "D”. 


"'High Intensity” Magnetic Separators and 
Magnetic Ore Concentration 

Magnetic Separators and Ore Concentrators are used 
for various purposes in metal mines and concentrating 
mills for concentrating such minerals as are magnetic or in 
removing from concentrated ore such impurities as are 
magnetic. 

Among the ores and minerals which are susceptible to 
magnetic treatment, the following are fair examples. Lead 
and zinc sulphide, manganese, cassiterite, pyrite, nickel, 
garnet, chalcopyrite, monozite, wolfromite, hematite, pyr- 
rhotite, ilmenite sheelite, chromite and graphite. 

Recovery 

It is possible to obtain recoveries of 98% and over in a 
magnetic separating plant. As a matter of fact such recov¬ 
eries are the rule rather than the exception. Because of 
the high recovery, the cost per ton of concentrate produced 
by a magnetic separating plant is usually considerably 
lower than that obtainable by any other method. 
Laboratory Test 

The magnetic susceptibility of different minerals varies 
considerably and it is therefore advisable to make prelimin¬ 
ary test to determine the type of Magnetic Separator best 
adapted. We maintain a laboratory for testing ores and 
minerals and will make such tests free of charge. The 
products of our separation will be returned to the sender 
for analysis and inspection. A five or ten pound sample is 
usually sufficient for making the necessary tests. 

Magnetic Separators and Special Magnetic Equip¬ 
ment 

We manufacture certain standard t^es of Ma^etic 
Separators which are adapted to a variety of conditions. 
When the standard type of Magnetic Separator cannot be 
efficiently adapted to a particular problem we are prepared 
to design and build a special magnetic separator and mag¬ 
netic equipment to meet the individual requirements. 


BULLETINS DESCRIBING THE ABOVE MAY BE HAD UPON REQUEST 
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MANUFACTURERS 


DEALERS 


Caldwell, W. E. Co., Inc. 
Colorado Iron Works Co. 
Dorr Company, The 
Filter Fabrics Co., The 
Lungwitz, Emil E. 
National Tank Pipe Co. 
Pacific Lumber Co., The 
United Filters Corporation 
United Lead Co. 
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CYANIDE PROCESS. 


A DESCRIPTION OF THE CYANIDE 

PROCESS 


The cyanide process for recovering precious 
metal values from the ores is based on the fact 
that gold and silver in fine particles is readily 
soluble in a comparatively weak solution of sodium 
or potassium cyanide. 

Cyanide, the commercial cyanide salt of sodium 
or potassium, is a combination of either of these 
last mention^ metals with another chemical com¬ 
bination of carbon and nitrogen called cyanogen. 
Commercially it has the appearance of white rock 
salt and is shipped in metal drums. 

The process is based on delicate chemical reac¬ 
tions and with certain ores these become very com¬ 
plicated. They can easily be brought about with a 
small sample of ore in the laboratory, but when the 
scale of these reactions is so increased as success¬ 
fully to treat the daily ore production of a mine 
the chemical end of the process becomes subordi¬ 
nate to the mechanical one of handling and treat¬ 
ing each day’s output of the mine. 

To do this successfully a large quantity of spe¬ 
cial apparatus has been designed. This shows a 
high degree of efficiency whenTiandling ores of the 
nature for which it is designed; but gives very 
unsatisfactory service when working under condi¬ 
tions other than these. Very often apparatus is 
blamed for poor work when on close investigation 
it is found that the nature of the product it is 
handling has changed owing to a change in either 
the physical or chemical properties of the ore. 

Before a prospective purchaser of a cyanide 
plant considers buying any apparatus he should 
first accurately sample the ore that he proposes to 
treat by the cyanide process. In doing this he 
should use every precaution to obtain an accurate 
sample, as a little carelessness at this point will 
seriously affect the operation of the mill. This 
sample should then be sent to an expert for careful 
examination and study as to its physical and 
chemical adaptability to successful treatment by 
the cyanide process. The recommendations of this 
expert and his design should be rigidly adhered 
to, as the fine reactions of the laboratory can only 
be obtained in the mill by closely following the 
directions of the man who has studied the ore and 
has determined how to treat it. 

Mills in general may be divided into two classes, 
either “sand” plants or a “slime” plants, or as in 
many cases, a combination of these two. The 
nature of the ore and the cost of power determine 
which method should be used, but in general free 
milling ores are handled by a combination of the 
two methods. Certain soapy and soft ores are 
particularly adapted for treatment by the slimes 
process. 
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A free milling ore containing coarse and fine 
gold is first crushed by the usual methods and 
passed over amalgamating plates, where the coarse 
gold is removed and the residue passed on to a 
classifying apparatus which separates the slimes 
from the sands. These two products are handled 
in different parts of the mill in the same general 
way except that the nature of the slime product is 
such that, to secure contact of solution with all gold 
particles, agitation by various methods is required. 
The sand product is run through launders to leach¬ 
ing tanks filled with a cyanide solution of deter¬ 
mined strength and is allowed to percolate until 
the precious metals are in solution. This leaching 
period varies from two to ten days. 

The enriched effluent or percolated solution 
from the sand tanks passes direct to the gold tank 
prior to precipitation. The sands, before being dis¬ 
carded, are washed with water, the amount added 
being equal to the loss of water in the tailings. 

The extraction of values in the slime pulp 
largely takes place during agitation, the time re¬ 
quired for agitating being governed by the char¬ 
acter of the ore treated. If one of the many makes 
of filter presses is used for recovering the dissolved 
values, some form of thickening is provided before 
filtering.. The enriched solution from the filter 
press is handled in the same manner as the effluent 
from the sand tanks and the slime cake after being 
washed passes to the dump as tailings. Where the 
slime values are recovered by Continuous Counter- 
Current Decantation a filter is not used except 
where the ore treated requires a very strong cya¬ 
nide solution. In such cases the filter acts only as 
a dewaterer. 

In the process of Continuous Counter-Current 
Decantation as used today, the entire ore is ground 
to a fine sand or slime. A series of thickeners is 
arranged in such a manner that the solids, with a 
small portion of solution, pass successively from 
one thickener to the next, finally being discharge 
as tailings. The main body of solution moves in 
the opposite direction to the course of the ore and 
is gradually enriched. By each step in the system 
a large amount of low grade solution is mixed with 
a small amount of higher grade solution, so that 
the values of the solutioi^entering each successive 
thickener with the solids are materially reduced. 

The gold solution which contains the precious 
metal value of the ore is then brought into contact 
with the zinc either in the form of dust or shavings. 
Bright, fresh zinc shavings in long hair-like rib¬ 
bons are packed into compartments of the zinc 
boxes and the gold solution is passed through these 
compartments, during which process the gold values 
are precipitated on the zinc shavings in the form of 
a black precipitate. The barren solution, on emerg- 
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ing, is returned to stock solution tanks and brought 
up to working strength by addition of fresh cya¬ 
nide. The precipitate from the zinc boxes is care¬ 
fully cleaned up, and retorted into bullion ready for 
shipment to the refinery, where the pure metal is 
recovered. 

The foregoing is only a rough outline of the 
cyanide process, but in general mills are operated 
as described. Variations are introduced to handle 
certain abnormal conditions either in the nature of 
the ore, operating costs or initial investments in 
plant. 

Reference Tables and Information 
Cyanides 

Cyanide of potassium—KCN or KCy. 

Cyanide of sodium—NaCN or NaCY. 

Cyanogen is composed of carbon and nitrogen, 
both together forming a composition for which the 
chemical formula “Cy” is used, and which in its 
action is similar to one single element. 

Cyan (ogen)ide of potassium and cyan(ogen)ide 
of sodium are combinations of cyanogen, with the 
basis potassium and sodium, respectively, the lat¬ 
ter only acting as carriers for the cyanogen. 

The action of the cyanides in the extraction of 
gold and silver from their ores is based on the fact 
that they form with these precious metals soluble 
double compounds. 

Testing Cyanide 

The standard test in use is the so-called nitrate 
of silver test. The test is based on the fact that 
cyanides form precipitates with nitrate of silver 
when both are in solution. In practice, a given quan¬ 
tity of cyanide to be tested is dissolved in distilled 
water and titrated with one-tenth normal solution 
of nitrate of silver. As the curdy white precipi¬ 
tate, cyanide of silver, readily dissolves, as long as 
there is a surplus of cyanide present in the solu¬ 
tion nitrate of silver solution is added until a per¬ 
manent milky appearance is obtained. The addi¬ 
tion of a small quantity of chloride of sodium or 
iodide of potassium will help to give a more visible 
reaction. Each cubic centimeter of normal solu¬ 
tion of nitrate of silver is equal to 0.013 grams of 
pure cyanide, so that the exact strength of the 
cyanide is easily ascertained. It is obvious that 
the strength of the nitrate of silver solution may 
be so adjusted as to save all further calculation. 
This formula is also useful for estimating the 
strength of cyanide solution. 

Although cyanide is poisonous, it can be safely 
handled, but care must be taken that it does not 
come in contact with sores and is not taken in¬ 
ternally. 

Antidotes for Cyanide Poisoning 

All cyanides are deadly poisons, but the aqueous 
solutions used in practice are so dilute that there 
is little or no danger from the prussic acid evolved 
from them if the buildings are properly ventilated. 

Acids react on cyanides, liberating prussic acid 
gas, which causes almost instant death when in¬ 
haled in a pure state. When diluted with air, it 
causes faintness, dizziness and a depressing frontal 
headache. 


fiI7 

Even very dilute solutions of cyanide are poison¬ 
ous when taken internally, and when they come in 
contact with the skin, produce in some persons an 
eruption of painful red boils. In cases where the 
hands and arms must be brought into contact with 
the solutions, rubber gloves, reaching over the 
elbows, should be provided for the workmen. 
Kaffir workmen are said to suffer no inconvenience 
whatever from the contact of their skin with 
cyanide solutions. 

Considering the extensive use of cyanide, the 
number of fatal accidents is remarkably small. Up 
to the present time only one fatal case has been 
recorded in New Zealand. 

In case of accident from cyanide poisoning, the 
following remedies are recommended: Put the 
patient into a hot bath, and apply cold water to his 
back and neck. In case of internal poisoning vom¬ 
iting should be induced by emetics or by physical 
means. 

Freshly precipitated carbonate of iron, obtained 
by mixing equal quantities of sodium carbonate 
and ferrous sulphate, is recommended for internal 
use. 

If the poisoning is the result of inhaling prussic 
acid gas, it is advisable to make the patient inhale 
a small quantity of chlorine gas, ammonia or ether. 
The chlorine gas can be quicky made and applied 
by sprinkling a little bleaching powder on a piece 
of flannel moistened with acetic acid, and then hold¬ 
ing the flannel to the nostrils of the patient. 

How to Determine Purity of Potassium Cyanide 

Take a sample of the KCN to be tested across 
the thickness of the cake. Reduce this sample by 
crushing to a fine powder. To one gram of this 
reduced sample add 100 c.c. of distilled water. 
Take 10 c.c. of this solution and titrate it with 
standard silver nitrate. The number of c.c. of 
silver nitrate required to produce a permanent 
precipitate multiplied by five will give the percent¬ 
age of KCN contained in sample. 

The above is not a determination of actual 
cyanogen present, but a simple test to give working 
value of cyanide. 

Strength of KCN Solution 

To 1000 C.C. of distilled water add 6.636 grains 
of c.p. silver nitrate and standardize with a known 
strength of cyanide solution. 

For determining the amount of cyanide in solu¬ 
tion, take 10 c.c. of the solution (measured in a 
pipette) and place it in a small beaker; titrate this 
with the silver nitrate solution, until an opalescent 
precipitate appears. The number of c.c. of silver 
nitrate used in titration will then equal the num¬ 
ber of pounds of cyanide in one ton of the solution. 

Acidity Test 

Place fifty grams of pulp in a bottle suitable for 
agitating; add 26 c.c. of a decinormal (N/10) 
caustic soda solution (as described further on) and 
76 c.c. of water; agitate for an hour and filter off 
the solution. Titrate 20 c.c. of this filtrate with a 
decinomal (N/10) solution of sulphuric acid, using 
as an indicator phenolphthalein or methyl-orange. 

Five minus the Burette reading, multiplied by 
2, will give the number of pounds of lime necessary 
to add to each ton of ore to keep the cyanide solu¬ 
tion at the proper point of alkalinity. 
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In connection with the above, lime is presumed 
to be 65° pure. 

It is advisable before making above acid test to 
agitate fifty grains of ore with 100 c.c. of water, 
filter and try the filtrate with litmus paper. If this 
shows a strong reaction, there is a quantity of free 
acid present, which may be removed by a water 
wash. 

Preparation of N/10 Sulphuric Acid Solution 

Add 30 c.c. concentrated c.p. sulphuric acid to a 
litre of distilled water; make determination of sul¬ 
phuric acid and correct until solution is absolutely 
normal; each c.c. of this solution then contains 
.049 grains of H„S 04 ; add 100 c.c. of this solution 
to 900 c.c. of distilled water, and we have the N/10 
solution, each c.c. of which contains .0049 sulphuric 
acid. 

Preparation of N/10 Sodium Hydrate Solution 

Dissolve about 66 grains of pure caustic soda in 
1000 c.c. of distilled water (this will give a solution 
slightly stronger than normal). Titrate this with 
the normal sulphuric acid solution, using litmus or 
phenolphthalein for an indicator; make corrections 
and titrate again until one c.c. of this solution is 
equivalent to one c.c. of sulphuric acid. Add to 
100 c.c. of this solution 900 c.c. of distilled water 
and one c.c. of this N/10 solution will neutralize 
one c.c. of N/10 sulphuric acid solution. 

Determination of Other Contents of Ore Which 
Will Decompose KCN 

Place 500 grams of the ore in a percolator and 
add 1000 c.c. of 10 pounds solution, allowing it to 
stand for 12 or 16 hours, and then drain slowly. 
Titrate the drained solution to determine cyanide 
contents and note loss in strength. 

Make another test with a sample to which lime 
has been added, as determined by acid test. Note 
the difference between the two tests, which will 
represent the loss due to the presence of decom¬ 
posing contents of the ore other than the acid. 

If this loss is heavy, a determination must be 
made to ascertain the cause. 

To Determine Alkalinity of Cyanide Sdution 

Take 10 c.c. of solution in a small breaker, and 
titrate it with silver nitrate for cyanide. Add as 
much more silver nitrate as used in the titration, 
then add an excess of potassium ferro-cyanide; 
add a drop or two of phenolphthalein and titrate 
with N/10 sulphuric acid solution. 

If the solution contains much zinc, it will be 
necessary to filter before titrating. 

The Burette reading multiplied by .0112 will 
give the percentage of protective alkalinity of the 
cyanide solution, which should be about 2%. 

Amount of Gold and Silver in Cyanide Solution 

Alfred Chiddy’s Method—Add to four assay 
tons (or more) of the solution 10 c.c. of 10% solu¬ 
tion of lead acetate; then 4 grams zinc shavings; 
boil a minute; add 20 c.c. HCL (strong). When 
action has ceased, boil again and decant from the 
ball of spongy lead, and wash same by decantation. 
Transfer to a piece of filter paper, roll into a com¬ 
pact ball and place (without drying) on a hot cupel 
in the muffle. 
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It is best to transfer the compact ball from the 
filter paper to a piece of c.p. lead foil and then 
cupel directly or scorify first, then cupel. 

Do not add all of the 20 c.c. HCIL at once, as 
zinc may break up on account of violent action and 
disintegrate the lead sponge. 

Another Method—^Take a piece of c.p. lead foil 
and form a tray about 6 inches long, 2V^ inches 
wide and % inch deep, and evaporate in this tray 
from one to three assay tons of the solution until 
dry, and then cupel the lead. 

It is seldom necessary to scorify the lead before 
cupelling, unless the solution is very foul. 
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NECESSARY INFORMATION REQUIRED BY 
MANUFACTURERS 


It will be necessary for an Intelligent offering of cyanide 
plant specifications to have the prospective purchaser answer 
the following questions and give all further information which 
he has available. 

1. Shipping directions. 

2. Capacity required (tons per day). 

3. Copy of test report if any. 

4. Process to be used: 

a. Wet or dry crushing. 

b. Leaching (give duration of contact). 

c. Continuous current decantation. 

d. Fine-grinding or all-slime process and kind of Alter to 

be used (continuous vacuum, drum-type; pressure: 
vacuum leaf; etc.). 

5. Profile of the ground at plant site, or angle of inclination. 

6. Kind of power to be used: 

a. Steam (specify kind of fuel). 

b. Electricity (give voltage if continuous current; give 

phase and voltage if alternating current). 

c. Oil engine (give Baume gravity and B. t, u. of oil to 

be used; give altitude at mill site). 

d. Distillate engine (give altitude at mill site). 

7. Precipitation process to be used: 

a. Zinc dust. 

b. Zinc shavings. 

8. Disposal of tailing; 

a. Sluicing if water Is available. 

b. Mechanical disposal by shoveling or conveying appa¬ 

ratus. 

9. Disposal of precipitates: 

a. Oil furnace. 

b. Electric furnace. 


Pacific Tank and Pipe Company. 


NEW METHOD OF EVALUATING ZINC DUST 


A new method for evaluating zinc dust is given 
in Metall u. Erz, as follows: One gram of dust, 
ground to 90 mesh, is shaken with 20 c.c. of water 
until evenly suspended. A mixture of 20 c.c. of 10 
per cent, sulphuric acid and 26 c.c. of 3 per cent, 
hydrogen peroxide is added. Let stand and stir 
occasionally. All except a small amount of lead 
sponge should be dissolved in ten minutes. Add 
20 c.c. of 40 per cent, sulphuric acid and titrate the 
excess hydrogen peroxide with permanganate 
(15 g. per liter) that has been standardized against 
sodium oxalate. 
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PULP CONSTANTS. 


PULP CONSTANTS* 


The development of the various hydrometalurg- 
ical processes for the treatment of ores has made 
necessary the establishment of certain constants 
for calculating the various factors used in the 
handling of ore pulps. This need was early rec<)g- 
nized in South Africa in connection with the cy¬ 
anide process, when the first serious attempts were 
made to treat slime. Caldecott,' in 1897 and 1898 
published various slime pulp formulas. At a some¬ 
what later date tables had been calculated for spe¬ 
cial cases and were in private use at a number of 



•Clevlnger, Youngr and Turner In Kng-. and Min. Journ. 
iCaldecott, 'The Solution of Gold in Accumulated and Other 
Slimes—Proc. Chem. & Met. Society. S. A., Vol. 2 , p. 102, p. 153; 
Slime Pulp Formulas, p. 837. 

2 Lamb, Rapid Estimation of Pulp in Cyanide Tanks—^Bng. 
& Min. Journal, Vol. 89, p. 160. 
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mills. Lamb,' early in 1910, published a small table 
showing the capacity per ft. of depth for circular 
tanks 12, 16, 20, 24, 28 and 30 ft. diameter, as well 
as weight per cubic foot in tons, cubic feet per ton, 
cubic feet of pulp per ton of dry slime, and per¬ 
centage of water in pulps for a specific gravity of 
dry slime of 2.5 and for pulps weighing from 1012 
to 1924 grams per liter. This table gives only 
approximate values. Sharwood,' in 1910, published 
a contribution upon the subject of measurement of 
pulp and tailing, in which he discussed sampling 
and the general formulas for the calculation of the 
constant. In this article attention was called to 
the desirability of preparing tables to meet special 
cases, and several samples of such tables were 
^ven. Caldecott,' later in 1910, published a table 
in which he combined slime and sand data. This 
table covered only the values for a specific gravity 
of dry slime of 2.7. (The term “dry slime” does 
not seem to be entirely satisfactory. “Dry ore” 
might appear to be preferable, but here a veiy 
serious difficulty arises when part of the ore is 
treated as slime and part as sand. On account of 
general usage and the lack of a better term we have 
used “dry slime”, throughout this article). The 
values were necessarily taken at rather long inter¬ 
vals on account of the large range covered within 
the scope of one page. Hyder,® in 1911, called at¬ 
tention to the serious errors which may arise when 
the specific gravity of the solution is assumed to be 
1. He also called attention to the fact that a vari¬ 
ation in the specific gravity of the solution produces 
a much greater effect than a similar variation in 
the specific gravity of dry slime. Later in 1911, 
Stadler* published an account of an investigation 
carried on in South Africa on behalf of the Mines 
Trials Committee regarding the practical applica¬ 
tion of the specific gravity flask, in which he calls 
attention to the accuracy of this method of de¬ 
termining tonnages and to its application in the 
control of classifiers. Early in 1912, Allen,' in dis¬ 
cussing the estimation of tonnage, gives several 
methods, and among others discusses the specific 
gravity method as applied to ore pulps. McLain,' in 
1912, published a straight-line diagram which 
showed the percentage of moisture and of solids for 
pulps of varying specific gravities. The specific 
gravity of the dry slime was assumed to be 2.65. 
Lowden,® in 1912, published a table of slime-density 
relations, giving the number of cubic feet to make 
1 ton (2,000 lb.) of wet pulp, as well as the ratio of 
solids to solution, and the percentage of dry slime. 


sSharwood, Measurement of Pulp and Tailingr—Mining: Maga¬ 
zine. Vol. 1, pp. 226-230, pp. 297-306; Vol. 2, pp. 45-53. 

4Caldecott, The Capacity of Circular Vats per Foot of Depth 
—Journ. Chem. Met. and Min. Soc. S A., Vol. 10, p. 407. 

sHyder, Speciflc Gravity Estimation of Pulp—Colo. Scl. Soc., 
Vol. 9. p. 417. 

astadler. Practical Applications of the Specific Gravity or 
Moisture Flask—Journ. Chem. Met. and Min. Soc., S. A. Vol. 
12, pp. 166. 171. 

TAllen, The Estimation of Tonnage—Min. and Scl. Press, Vol. 

104, pp. 308, 309. 

sMcLaln. Specific-Gravity Chart—Min. and Sci. Press, Vol. 

105, pp. 150, 151. 

9Lowden, A New Slime Density Table—Met. & Chem. Eng;., 
Vol. 10, p. 869. 
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PULP CONSTANTS. 


Later in 1912, Stevens*® published a straight-line 
diagram which was an elaboration of that gpven by 
McLain. This showed percentages of solids and 
ratio of solution to solids for various specific gravi¬ 
ties of wet pulp and for a specific gravity of dry 
slime of 2.65. 

Preparation of Detailed Tabbies 

The range and general form of the accompany¬ 
ing tables were outlined in 1911, and shortly there¬ 
after the computations were begun. Due to the 
large amount of work involved, which had to be 
done at intervals during the performance of other 
duties, the tables were only recently completed. 
Four-place logarithmic tables were employed in 


computing the various tables, with the exception of 
the table of dilutions, on account of the greater 
rapidity with which they could be used. The table 
of dilutions is intended for use in making rough 
comparisons, and as it is not involved in the compu¬ 
tation of the other tables, sufficiently accurate re¬ 
sults were obtained by the use of a slide rule. Check¬ 
ing the results given in the various tables by tha 
use of the proper formulas and a five or six-place 
logarithmic table, or by making the calculations 
without the use of logarithms, may show certain of 
the values to be in error. This is due to the fact 
that the last place of any logarithmic table is an 
approximation, hence results obtained with a four- 
place table may show errors in the fourth place. 


Tabic A. Showing the Effect of the Speoiflo Gravity of the Solntion Upon the Feroontago of Dry Slime In Wet Pulp 



TABLE 1. PER CENT. OP DRY SLIME AND CORRECTION FOR SPECIFIC GRAVITY OP SOLUTION 

100 S (a—d) 

Formula: P =- 

a (S—d) 

Specific Gravity of Dry Slime 



lostevens, A Diagram for the Determination of the Solution Ratios of Slimes and Calculations Made Therefrom—Mex. Min 
Journ., Vol. 105, pp. 24, 25. 
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TABLE lA. LOGARITHMS OF PER CENT. OF DRY SLIME AND CORRECTION FOR SPECIFIC GRAVITY OF SOLUTION 


Specific Gravity of Dry Slime 
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CONSTANTS. 


As the plus and minus errors in the tables are ap¬ 
proximately evenly distributed and the total area in 
either direction is about the same it is evident that 
if a particular table is used for calculating the ton¬ 
nage of a number of slime charges, several different 
values occuring in this table will be brought into 
use. The error introduced through this source 
would, therefore, be largely compensating as re¬ 
gards the total monthly or yearly tonnage of a 
slime plant. In any event, the error introduced 
through the use of the tables would be much less 
than the inherent error in the methods of ascer¬ 
taining certain of the data used in applying the 
tables. With individual charges, when extreme ac¬ 
curacy is desired, the results can be calculated by 
the more accurate methods previously mentioned, 
but it must be borne in mind that if any benefit is 
to be derived through greater refinement in making 
the computations, the same degree of accuracy must 
be maintained in ascertaining the data upon which 
these computations are based. 

The following formula’^, with the exception of 
Ryder’s work, has generally heretofore formed the 
basis of the computations for the constants of slime 
pulps: 

100 S (a —1) 

P =- 

a(S —1) 


i2“The Cyanide Handbook,” J. E. Clennell, New York, 1910, 
pp. 479-480. 


P = Percentage of dry slime in wet pulp; 

S = Specific gravity of dry slime; 
a = Specific gravity of wet pulp; 

1 == Specific gravity of solution. 

It will be noted that in this formula the specific 
gravity of the solution is taken as 1, while in reality 
it is always somewhat greater than 1. Mr. Turner 
has investigated the specific gravity of a number 
of cyanide-mill solutions. Some of the results are 
given in the accompanying table: 


SPECIFIC GRAVITY OF WORKING CYANIDE SOLUTIONS 


Solution 

Fresh solution. 

Butters plant, Virginia City, Nev. 
Butters plant, Virginia City, Nev. 

Belmont plant, Tonopah, Nev. 

Belmont plant, Tonopah, Nev. 

Montana-Tonopah. Tonopah, Nev. 

Empire. Grass Valley, Calif. 

laPortland, Colorado Springs, Colo 

i4South Africa, average. 

Pittsburgh-Silver Peak, Blair, Nev 


Specific Gravity 


1.00170 

Heads 

1.00281 

Tails 

1.00279 

Heads 

1.00881 

Tails 

1.00878 

Heads 

1.00314 

Heads 

1.00142 

Heads 

1.01000 


1.00210 

Heads 

1.00309 


We have derived the above formula, assigning a 
general value d for the specific gravity of the solu¬ 
tion. The principal steps in the derivation are 
given below. 

Let 

a = Specific gravity of wet pulp; 

S = Specific gravity of dry slime; 

V = Total volume of wet pulp; 
m = Total weight of dry slime in wet pulp; 
c = Volume of solution in wet pulp; 
d = Specific gravity of solution; 

P = Percentage of dry slime in wet pulp; 


TABLE 1. PER CENT. OF DRY SLIME AND CORRECTION FOR SPECIFIC GRAVITY OF SOLUTION—Cont. 

100 S (a —d) 

Formula: P =- 

a (S —d) 

Specific Gravity of Dry Slime 


8.76 

Cor¬ 

rec¬ 

tion 

2.78 

I 

2.80 

Cor- 

rec- 

Uoo 

2.82 

Cor¬ 

rec¬ 

tion 

2.84 

Cor¬ 

rec¬ 

tion 

2.86 

Cor¬ 

rec¬ 

tion 

1 2.88 

rec- 

tlon 

2.90 

Cor¬ 

rec¬ 

tion 

2.92 

Cor- 

rec- 

tiOD 

2.94 

Cor¬ 

rec¬ 

tion 

2.96 

Cor¬ 

rec¬ 

tion 

2.98 

Cor¬ 

rec¬ 

tion 

3.00 

Cor¬ 

rec¬ 

tion 


1.653 

.1653 

11.546 


liRjfljl 


1.534 

.1534 

1.528 

.1528 




.1517 

1.611 

.1511 

1.506 

.1506 

iiimiii 

iliMi] 


EKEE 

mtm 

1.485 

1485 

1010 

8.075 

.1529 


’em 


i™1l 

3.038 

.1510 

3.026 

.1505 

3.016 

.1499 

3.003 

.1493 

2.992 

.1488 

2.982 

.1483 

2.971 

.1478 

2.961 

.1473 

2.951 

.1468 

2.941 

.1463 

1020 

4.568 

.1505 

4.549 

.1499 


.1494 

4.513 

.1488 

4.496 

.1483 

4.479 

.1477 

4.462 

.1471 

4.446 

.1466 

4.430 

.1461 

4.414 

.1456 

4.398 

.1451 

4.383 

.1446 

4.369 

.1442 

1030 

6.033 

.1483 

6.008 

.1477 

5.984 

.1472 

5.960 

.1466 

5.937 

.1460 

5.916 

.1455 

5.893 

.1450 

5.871 

.1445 

5.850 

.1440 

5.829 

.1435 

5.809 

.1430 

5.789 

.1426 

5.770 

.1422 

1040 

7.468 

.1460 

7.437 

1454 

7.408 

.1448 

7.378 

.1443 

7.350 

.1438 

7.323 

.1433 

7.295 

.1427 

7.268 

.1422 

7.243 

.1418 

7.216 

.1413 

7.191 

.1408 

7.166 

.1404 

7.143 

.1400 

1050 

8.878 

.1437 

8.841 

.1432 

8.806 

.1427 

8.771 

.1423 

8.738 

.1418 

8.705 

.1412 

8.672 

.1406 

8.640 

.1401 

8.610 

EwTl 

8.578 

.1393 

8.549 

.1388 

8.519 

.1384 

8.491 

.1380 

1060 

10.26 

.142 

10.22 



wnm\ 

10.14 

.140 

10.10 

.140 

10.06 

.139 

10.02 

.138 

rmi 

EES 

mmm 

EEini 

9.913 

.1371 

9.879 

.1367 

9.845 

.1363 

9.812 

.1360 

1070 

11.62 

.140 

11.57 

Sm9 


E£!|1 

11.48 

.138 

11.44 

.138 

11.39 

.138 

11.35 

.137 

11.31 

.137 

11.27 

.136 

11.23 

.136 

11.19 

.135 

11.15 

.135 

11.11 

.134 

1080 

12.95 

.137 

12.90 

.137 

iSOj 



.136 

12.74 

.135 

12.70 

.135 

12.65 

.134 

12.60 

.134 

12.55 

.133 

12.51 

.133 

12.47 

.133 

12.43 

.133 

12.39 

.133 

1090 

14.26 

.136 

14.20 

.135 

114.14 

.134 

14.08 

.134 

14.03 

.134 

13.98 

.133 

13.93 

.133 

13.88 

.133 

13.83 

.132 

13.78 

.132 

13.73 

.131 

13.68 

.131 

13.63 

.130 

1100 

15.54 

.133 

15.48 

.133 

115.42 

.133 

15.36 

.133 

15.30 




15.18 

ISO 

15.12 

.130 

15.07 

.130 

15.02 

.130 

14.97 

.129 

14.92 

.129 

14.87 

.129 

1110 

16.80 

EMI 

imwn 

.131 

jl6.67 

.131 

16.60 

.130 

16.54 


[QjQ 


16.41 

.128 

16.35 

.128 

16.30 



.128 

16.18 

.127 

16.13 

.127 


.127 

11^ 

18.04 

.129 

17.96 

.128 

117.89 

.128 

17.82 

.128 

17.75 

mvtM 



17.62 

.126 

17.56 

.126 

17.49 

Urn 

[fQi0 

BmI 


.125 

17.31 

.125 

17.25 

.124 

1130 

19.26 

.128 

19.18 

.127 

19.10 

E^ 


EEa 

18.95 




18.81 

.125 

18.74 

.125. 

18.68 

.125 

I [001 

ehi 

18.54 

.123 

18.48 

.123 

18.42 

.123 

1140 

80.45 

.125 


VQ9 

mtm-i 

.125 1 

iKiini 

.125 

20.13 

.124 

20.06 

.124 

EESn 


19.91 

.123 

19.84 

.123 

IujuJ 

EmI 

19.70 

.122 

19.63 

.122 

19.57 

.122 

1160 

81.63 

.124 

21.54 

EmI 

21.45 

.123 

21.37 

.123 

21.29 

.123 

21.21 

.122 

21.13 

inw 

21.05 

.121 

20.97 

.120 

20.90 

.120 

20.83 

.120 

ESSB 

.119 

20.68 

.119 

1160 

82.78 

.121 

22.69 

.121 

22.60 

.121 

22.51 

.121 

22.42 

.121 

22.34 

.120 

22.25 

.119 

22.17 

.119 

22.10 

Em 

req 

BSI 

21.94 

.118 

21.86 

.118 

21.79 

.118 

1170 

23.92 

.120 

23.82 

.120 

23.73 

.120 1 

23.64 

.120 

23.55 

.119 

23.46 

.119 

23.37 

EIEl 


EILI 

23.20 

.118 


im 

[RET] 

.117 

22.96 

.117 

22.88 

.117 

1180 

25.04 

.118 

24.94 

.118 


EiUI 

24.74 

.117 

24.65 

.117 

24.65 

.117 

24.46 

.116 

24.37 

.116 

24.29 

.116 

24.20 

.116 

[0Vfi 

.115 

24.03 

.115 

23.95 

.115 

1190 

26.14 

.117 

26.03 

.116 

25.92 

113 

25.82 

.115 

25.72 

.115 

25.63 

.115 

25.53 

.115 

25.44 

Ena 

25.34 

.114 

25 25 

Sul 

020 

sm 

iMlMn 

.113 

25.00 

.113 

1200 

27.21 

.115 

27.10 

.114 

26.99 

.114 

26.89 

.114 

26.79 

.114 

26.69 

.113 

26.59 

.113 

26.49 

WmEM 

26.39 

.112 

26.30 

.112 


.112 

26.12 

.112 

26.03 

.112 

1210 

28.28 

.113 

28.16 

.113 

28.05 

.113 

27.94 

.113 

27.83 

.112 

27.72 

.111 

27.62 

.111 

27.52 

.111 

27.42 

.111 

27.82 

.111 

27.23 

.111 

27.14 

.111 

27.05 

.111 

1220 

29.32 

.111 

29.20 

.111 

29.09 

111 

28.97 

.111 

28.86 

.111 

28.75 

.110 


EEH 

28.64 

.109 

28.44 

.109 

28.34 

.109 

28.24 

.109 

28.14 

.109 

28.05 

.109 

1230 

30.36 

.110 

30.23 

.110 

30.11 

.110 

29.99 

.110 

29.87 

.109 

29.76 

.109 


ETkM 

29.64 

.108 

29.43 

.107 

29.38 

.107 

29.23 

.107 

29.13 

.107 

29.03 

.107 

1240 

81.37 

.109 

31.24 

.109 

31.11 

.108 

30.99 

.108 

30.87 

.108 

30.75 

.107 

30.63 

.106 

30.52 

.106 

30.41 

.106 

30.30 

.106 

30.20 

.106 

30.10 

.106 


.106 

1250 

32.36 

.108 

32.23 

.107 

32.10 

.107 

31.97 

.107 

31.85 

.107 

31.73 

.106 

31.61 

.105 

31.49 

.105 

31.38 

.105 

131.27 

Efill 

31.16 

.105 


.104 

IkTiPm 

.104 

1260 

83.34 

.105 

33.20 

.105 

33.07 

.105 

32.94 

.105 

32.81 

.105 

32.69 

.104 

32.67 

.104 

32.45 

.104 


EfiTI 

\tiVWM 

limi 

32.11 

.104 

32.00 

.103 

31.89 

.103 

1270 

84.31 

.104 

34.17 

.103 

34.03 

.103 

33.89 

.103 

33.76 

.103 

33.63 

.102 

33.51 

.102 

EEEB 

.102 

33.27 


33.15 

.102 

33.04 

.102 

32.93 

.102 

32.82 

.102 

1280 

85.261 

.102 

35.11 

.102 

34.97 

.102 

34.83 

.102 

34.70 

.101 

34.67 

.101 

34.44 

.101 

34.31 

.101 

34.19 

.100 

34.07 

.100 

33.95 

.100 

33.83 

miiiMl 

33.72 

sm 

1290 

iHEi 

mm 

36.04 

.100 

35.90 

.100 

35.76 

.100 

35.62 

.099 

35.48 

mm 

35.35 

mm 

36.22 

.099 

35.09 

.098 

34.97 

.098 

34.85 

.098 

34.73 

.098 

34.62 

.098 

1300 

87.11 

.100 

36.96 

.099 

36.81 

.099 

36.67 

.099 

36.53 

.098 

36.39 

.098 

36.25 

.098 

IRTTO 

SjpLBj 


.097 

35.80 

.097 

35.74 

.097 

35.62 

.097 

35.50 

.097 

1310 

88.01 

.097 

37.85 

.097 

37.70 

.097 

37.55 

■ujvS 

37.41 

MmM 

37.27 

.096 

37.13 

.096 

36.99 

jfipia 

36.86 

Km 

36.73 

.096 

36.60 

.096 

36.48 

.096 

36.36 

.096 

1320 

38.91 

ffi ! 9 

38.75 

.096 

38.59 

.096 

38.44 


38.29 

.096 

138.15 

.096 

38.01 

.095 

37.87 

.095 

37.73 


37.59 

.095 

37.46 

.095 

37.33 

.095 

37.21 

.095 

1330 

89.79 

jr: 9 

39.63 

.095 

39.47 

.095 

39.31 

.095 1 

39.16 

.094 

Ikltldl 

.094 

38.87 

.094 

38.73 

Em 

38.59 

.094 

38.45 

.094 

38.32 

.094 

38.19 

.094 

38.06 

.094 

1340 

40.67 

jT : 9 


.094 

40.34 

.094 

40.18 


leiigiw 

.093 

39.87 

.093 

39.72 

,093 

39.57 

.093 

39.43 

Em 

39.29 

.093 

39.16 



.093 

38.90 

.093 

1350 

rnrti 

jr! 9 

mm 

.092 

41.18 

092 

41.02 


40.86 

.092 

40.71 

.092 

40.56 

.092 

Uilll 

Em 

40.26 

.091 

40.12 



|0Tl 

39.84 

.091 

39.71 

.091 

1360 

42.36 

jT ; [■ 

42.18 

.091 

42.01 

.091 

41.84 

.091 

41.68 

.090 

41.52 

.090 

41.37 

.090 

41.22 

.090 

41.07 

.090 

40.93 

siTmlj 


j^^a 

40.65 

.090 

40.51 

.090 

1370 

43.19 

.090 

imm 



.089 

42.66 

.089 

42.50 

IE££l1 

42.34 

.089 

42.18 

.089 

42.03 


41.88 

.089 

41.73 

.089 

ItTWTi 

EkpI 

41.44 

.089 

41.30 

.089 

1380 

44.01 

.089 

43.83 

Sli.fH 

43.65 

.088 

43.48 

mm 

43.31 

.088 

43.15 

.088 

42.99 


42.83 


42.67 

E: a 

42.52 

.087 

|42.37 

.087 

42.23 

.087 

42.09 

.087 

1390 

44.82 

.087 

44.63 

.087 

44.45 

.087 

44.27 

.087 1 

44.10 

.087 

43.93 

.087 

43.77 

.086 

43.61 


43.45 

K: a 

43.30 

.086 

143.15 

.086 

43.00 

.086 

42.86 

.086 

1400 

45.61 


[gKW 

.086 

45.24 

.086 

45.06 


44.89 


uSE 

mm 

imm 

.085 

44.38 

.085 

44.22 

E! a 

lEtmiti 


[43.91 

.085 

43.76 

.085 

43.62 

.085 

1410 

46.38 

|R 1 9 

46.19 

.084 

46.00 

.084 

45.82 


45.64 


45.47 

.085 

45.30 

.084 

45.14 

.084 

rfEB 

E ’ a 



144.66 

.084 

44.51 

.084 

44.36 

.084 

1420 


iT: 9 

HjSJJ 

.083 

46.78 

.083 

46.59 


46.41 


46.24 

.083 


mTjka 

lEliH:Ii] 

.083 

45.74 

E ' a 

45.58 

Em 


ElHI 

45.26 

.083 

45.11 

.083 

1430 


[T : 91 


.082 

47.53 

.082 

47.34 

.082 

IIlEItl 


46.98 

.082 

46.81 

EIkvM 

46.64 

.082 

46.47 

E : a 

46.30 

.082 

46.14 

.082 

45.98 

.082 

45.83 

.082 

1440 

48.66 

jT! w 


.080 

48.26 

.080 

48.08 

Ena 

47.90 

080 

47.72 

.080 

47.54 

.080 

47.36 

Em 

47.19 

.080 

47.02 

.080 

46.86 

.080 

46.70 

.080 

46.55 

Em 

1450 

49.41 

1 II 91 

49.21 

.079 

49.01 

.079 

48.82 

.079 

48.63 

.079 

48.45 

.079 

48.27 

.079 

48.09 

.079 

47.91 


47.74 


47.57 


47.41 

.079 

47.26 

.079 

1460 

50.15 

[T |j 91 


.078 

49.74 

.078 

49.54 

.078 

49.35 

.078 

49.16 

.078 

48.98 

078 

48.80 

.078 

48.62 

EirTH 



48.28 


48.12 

.078 

47.96 

.078 

1470 

60.85 

|r [i 91 

50.64 

.077 

50.45 

077 

50.24 

.077 

50.05 

.077 

49.86 

.077 

49.68 

.077 

49.50 

.077 

49.32 

.077 

49.14 


48.97 

iPCTi 

48.80 

.077 

48.64 

.077 

1480 

51.57 

.076 

51.36 

.076 

51.16 

.076 

50.95 

SIM«I 

50.76 

.076 

50.57 

.076 

50.38 

Em 

iMillil 

EQI 

lEtiTin 

.076 

49.83 

.076 

49.66 

.076 

49.49 

.076 

49.33 

.076 

1490 

52.28 

.075 

52.06 

mi 

.51.85 

.075 


m 

51.45 

.075 

51.26 

.076 

51.07 

.075 

50.88 


|50.69 

m 

50.51 

H 

50.34 

.075 

50.17 

.075 

50.00 

.075 

1500 
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PULP CONSTANTS, 


_fi83 

TABLE lA. LOGARITHMS OP PER CENT. OP DRY SLIME AND CORRECTION POR SPECIPIC GRAVITY OP SOLUTION—Cont. 

Specific Gravity of Dry Slime 



Cor¬ 

rec¬ 

tion 


Cor¬ 

rec¬ 

tion 

2.80 

Cor¬ 

rec¬ 

tion 

2.82 

Cor¬ 

rec¬ 

tion 


Cor¬ 

rec¬ 

tion 


Cor¬ 

rec¬ 

tion 

2.88 

rec- 

tion 

Cor- 
1 rec- 
2.90| tlon 

2.92 

Cor¬ 

rec¬ 

tion 

2.94 

Cor¬ 

rec¬ 

tion 

2.96 

— 

Cor- 

rec- 

tion 


Cor¬ 

rec¬ 

tion 

3.00 

Cor¬ 

rec¬ 

tion 

■ 


.1912 

.1553 

1.1892 

.1546 

.1875 

.1540 

.1858 

.1534 

.1841 

.1528 

.1827 

.1523 

.1810 

.1517 

.1793 

.1511 

.1778 

.1506 

.1761 

.1500 

.1746 

.1495 

.1732 

.1490 

.1717 

.1485 

1010 


.4878 

.1529 

.4860 

.1522 

.4843 

.1516 

.4826 

.1510 

.4809 

.1505 

.4793 

.1499 

.4776 

.1493 

.4760 

.1488 

.4745 

.1483 

.4729 

.1478 

.4714 

.1473 

.4700 

.1468 

.4685 

.1463 

1020 


.6597 

.1505 

6579 

.1499 

.6562 

.1494 

.6545 

.1488 

.6528 

.1483 

.6512 

.1477 

.6495 

.1471 

.6480 

.1466 

.6464 

.1461 

.6448 

.1456 

.6433 

.1451 

.6418 

.1446 

.6404 

.1442 

1030 


.7805 

.1483 

.7787 

.1477 

.7770 

.1472 

.7752 

.1466 

.7736 

.1460 

.7720 

.1455 

.7703 

.1450 

.7687 

.1445 

.7672 

.1440 

.7656 

.1435 

.7641 

.1430 

.7626 

.1426 

.7612 

.1422 

1040 


.8732 

.1460 

.8714 

.1454 

.8697 

.1448 

.8679 

.1443 

.8663 

.1438 

.8647 

.1433 

.8630 

.1427 

.8614 

.1422 

.8599 

.1413 

.8583 

.1413 

.8568 

.1408 

.8553 

.1404 

.8539 

.1400 

1050 


.9483 

.1437 

.9465 

.1432 

.9448 

.1427 

.9430 

.1423 

.9414 

.1418 

.9398 

.1412 

.9381 

.1406 

.9365 

.1401 

.9350 

.1397 

.9334 

.1393 

.9319 

.1388 

.9304 

.1384 

.9290 

.1380 

1060 


.0111 

.142 

.0094 

.141 

0077 

.141 

.0060 

.140 

.0043 

.140 

.0026 

.139 

.0009 

.138 

.9993 

.1380 

.9977 

.1375 

.9962 

.1371 

.9947 

.1367 

.9932 

.1363 

.9918 

.1360 

1070 


.0652 

.140 

.0633 

.139 

.0615 

.138 

.0599 

.138 

.0584 

.138 

.0565 

.138 

.0549 

.137 

.0535 

.137 

.0519 

.136 

.0504 

.136 

.0488 

.136 

.0473 

.135 

.0467 

.134 

1080 


.1123 

.137 

.1106 

.137 

.1086 

.136 

.1069 

.136 

.1052 

.135 

.1038 

.135 

.1021 

.134 

.1004 

.134 

.0987 

.133 

.0973 

.133 

.0959 

.133 

.0945 

.133 

.0931 

.133 

1090 


.1541 

.136 

.1523 

.135 

.1504 

.134 

.1486 

.134 

.1471 

.134 

.1455 

.133 

.1439 

.133 

.1424 

.133 

.1408 

.132 

.1392 

.132 

.1377 

.131 

.1361 

.131 

.1345 

.130 

1100 


.1915 

.133 

.1898 

.133 

.1881 

.133 

.1864 

.133 

.1847 

.132 

.1830 

.131 

.1813 

.130 

.1796 

.130 

.1781 

.130 

.1767 

.130 

.1752 

.129 

.1738 

.129 

.1723 

.129 

1110 


.2253 

.131 

.2235 

.131 

.2219 

.131 

.2201 

.130 

.2185 

.130 

.2170 

.129 

.2151 

.128 

.2135 

.128 

.2122 

.128 

.2106 

.128 

.2090 

.127 

.2076 

.127 

.2063 

.127 

1120 


.2562 

.129 

.2543 

.128 

.2526 

.128 

.2509 

.128 

.2492 

.127 

.2477 

.127 

.2460 

.126 

.2445 

.126 

.2428 

.125 

.2413 

.125 

.2398 

.126 

.2883 

.125 

.2368 

.124 

1130 


.2847 

.128 

.2828 

.127 

.2810 

.126 

.2792 

.126 

.2776 

.126 

.2760 

.125 

.2744 

.126 

.2728 

.125 

.2714 

.125 

.2697 

.124 

.2681 

.123 

.2667 

.123 

.2653 

.123 

1140 


.3107 

.125 

.3090 

.125 

.3073 

.126 

.3056 

.125 

.3038 

.124 

.3023 

.124 

.3006 

.123 

.2991 

.123 

.2975 

.123 

.2960 

.123 

.2946 

.122 

.2929 

.122 

.2915 

.122 

1150 

.3351 

.124 

.3332 

.123 

.3314 

.123 

.3298 

.123 

.3282 

.123 

.3265 

.122 

.3249 

.121 

.3233 

.121 

.3216 

.120 

.3201 

.120 

.3187 

.120 

.3170 

.119 

.3156 

.119 

1160 


.3576 

.121 

.3568 

.121 

3541 

.121 

.3524 

.121 

.3506 

.120 

.3491 

.120 

.3473 

.119 

.3468 

.119 

.3444 

.119 

.3428 

.119 

.3412 

.118 

.3397 

.118 

.3383 

.118 

1170 


.3788 

.120 

.3769 

.120 

.3763 

.120 

.3736 

.120 

.3720 

.120 

.3703 

.119 

.3687 

.118 

.3670 

.118 

.3655 

.118 

.3640 

.118 

.3625 

.117 

.3610 

.117 

.3595 

.117 

1180 

> 

.3986 

.118 

.3969 

.118 

.3952 

.118 

.3934 

.117 

.3918 

.117 

.3901 

.116 

.3885 

.116 

.3869 

.116 

.3854 

.116 

.3838 

.116 

.3822 

.115 

.3808 

.115 

.3793 

.115 

1190 

VI 

.4173 

.117 

.4165 

.116 

.4136 

.116 

.4120 

.116 

.4103 

.115 

.4087 

.116 

.4071 

.115 

.4055 

.115 

.4038 

.114 

.4023 

.113 

.4007 

.113 

.3993 

.113 

.3979 

.113 

1200 

o 

.4347 

.114 

.4330 

.114 

.4312 

.114 

.4296 

.114 

.4280 

.114 

.4263 

.114 

.4247 

.113 

.4231 

.113 

.4214 

.112 

.4200 

.112 

.4185 

.112 

.4170 

.112 

.4155 

.112 

1210 

u 

.4515 

.113 

.4496 

.113 

.4479 

.113 

.4462 

.113 

.4445 

.112 

.4428 

.111 

.4412 

.111 

.4396 

.111 

.4381 

111 

.4365 

.111 

.4350 

.111 

.4336 

.111 

.4322 

.111 

1220 

9 

** 

.4672 

.111 

.4654 

.111 

.4637 

111 

.4619 

.111 

.4603 

.111 

.4586 

.110 

.4570 

.109 

.4554 

.109 

.4539 

.109 

.4524 

.109 

.4509 

.109 

.4493 

.109 

.4479 

.109 

1230 

a 

.4823 

.111 

.4804 

.110 

.4787 

.110 

.4770 

.110 

.4752 

.109 

.4736 

.109 

.4720 

.108 

.4704 

.108 

.4688 

.107 

.4673 

.107 

.4658 

.107 

.4643 

.107 

.4629 

.107 

1240 

.4965 

.109 

.4947 

.109 

.4929 

.108 

.4912 

.108 

.4895 

.108 

.4878 

.107 

.4861 

.106 

.4846 

.106 

.4830 

.106 

.4814 

.106 

.48001 

.106 

.4780 

.106 

.4771 

.106 

1250 

9 

.5100 

.108 

.5083 

.108 

.5065 

.108 

.5047 

.107 

.5031 

.107 

.5015 

.106 

.4998 

.106 

.4982 

.105 

.4967 

.105 

.4951 

.105 

.4936 

.105 

.4921 

.104 

.4907 

.104 

1260 

M 

O 

.6230 

.105 

.5211 

.105 

.5194 

.105 

.5177 

.105 

.5160 

.105 

.5144 

.104 

.5128 

.104 

.5112 

.104 

.5096 

.104 

.508l| 

.104 

.5066 

.104 

.5061 

.103 

.5036 

.103 

1270 

.5354 

.104 

.5336 

.103 1 

.6319 

.103 

.5301 

.103 

.5284 

.103 

.6267 

.102 

.5252 

.102 

.5236 

.102 

.5220 

.102 

.5205 

.102 

.51901 

.102 

.5176 

.102 

.5161 

.102 

1280 

VI 

o 

.6473 

.102 

.5454 

.102 

.6437 

.102 

.5420 

.102 

.5403 

.101 

.5387 

.101 

.5371 

.101 

.5354 

.100 

.5339 

.100 

.6324 

.100 

.5308 

.100 

.5293 

.100 

.5279 

.100 

1290 


.6586 

.101 

.5568 

.100 

.5551 

.100 

.5534 

.100 

.5517 

.099 

.5500 

.099 

.5484 

.099 

.5468 

.098 

.5452 

.098 

.5437 

.098 

.5422 

.098 

.5407 

.098 

.5393 

.098 

1300 

CQ 

B 

.5695 

.100 

.5677 

.099 I 

.5660 

.099 

.5643 

.099 

.5626 

.099 

.5610 

.099 

.5593 

.099 

.5577 

.098 

.5562 

.098 

.5546 

.098 

.5532 

.098 

.5517 

.098 

.5502 

.098 

1310 

.5799 

.097 

.5781 

.096 

.5763 

.096 

.5746 

.096 

.5730 

.096 

.5714 

.096 

.5697 

.096 

.5681 

.095 

.5666 

.095 

.5650 

.095 

.563r5 

.095 

.5620 

.095 

.5606 

.095 

1320 

w 

U 

.6901 

.096 

.5883 

.096 

.5865 

.096 

.5848 

.096 

.5831 

.096 

.5815 

.096 

.5799 

.096 

.6783 

.096 

.5767 

.095 

.5751 

.095 

.5736 

.095 

.57211 

.095 

.5707 

.095 

1330 

o 

.5998 

.095 

.6980 

.095 

.5963 

.095 

.5945 

.095 

.5928 

.094 

.5912 

.094 

.5896 

.094 

.5880 

.094 

.5865 

.094 

.5849 

.094 

.58341 

.094 

.5819 

.094 

.5806 

.094 

1340 

PJ 

.6093 

.094 

.6076 

.094 

.6057 

.094 

.6040 

.094 

.6023 

.093 

.6007 

.093 

.5990 

.093 

.59741 

.093 

5958 

.093 

.5943 

.093 

.5928 

.093 

.5914 

.093 

.5899 

.093 

1350 


.6182 

.092 

.6164 

.092 

.6147 

.092 

.6130 

.092 

.6113 

.092 

.6097! 

.092 

.6081 

.092 

.6065 

.091 

.6049 

.091 

.6034 

.091 

.60181 

.091 

.6003 

.091 

.5980 

.091 

1360 


.6270 

.091 

.6251 

.091 

.6234 

.091 

.6216 

.091 

.6199 

.090 

.6183 

.090 

.6167 

.090 

.6151 

.090 

1.6135 

.090 

.6120 

.090 

.8106] 

.090 

.6090 

.090 

.6076 

.090 

1370 


.6354 

.090 

.6336 

.089 

.6317 

.089 

.6300 

.089 

.62841 

.089 

.6268 

.089 

.6151 

.089 

.6236 

.089 

.6220 

.089 

.6204 

.089 

.6189 

.089 

.6174 

.089 

.6160 

.089 

1380 

to 

.6436 

.089 

.6418 

.088 

.6400 

.088 

.6383 

.088 

.6366 

.088 

.6350 

.088 

.6334 

.088 

.6317 

1.087 

.6301 

.087 

.6286 

.087 

.6271 

.087 

.6256 

.087 

.6242 

.087 

1390 

o 

.6515 

.087 

.6496 

.087 

.6479 

.087 

.6461 

.087 

.6444 

.087 

.6428 

.086 

.6412 

.086 

.6396 

.086 

.6380 

.086 

.6365 

.086 

.6350 

.086 

.6335 

.086 

.6320 

.086 

1400 

.6591 

.086 

.6572 

.086 

.6555 

.086 

.6538 

.086 

.6521 

.086 

.6505 

.086 

.6488 

.086 

.6472 

.085 

.6456 

.085 

.6440 

.085 

.6426 

.085 

.6411 

.085 

.6397 

.085 

1410 


.6663 

.084 

.6645 

.084 

.6628 

.084 

.6611 

.084 

.6593 

.084 

.6577 

.084 

.6661 

.084 

.6546 

.084 

.6529 

.084 

.6614 

.084 

.6499 

.084 

.6485 

.084 

.6470 

.084 

1420 


.6736 

.084 

.6718 

.084 

.6701 

.084 

.6683 

.084 

.6666 

.084 

.6650 

.084 

.6634 

[.084 

.6618 

.084 

.6603 

.084 

.6588 

.084 

.6572 

.084 

.6557 

.084 

.6543 

.084 

1430 


.6805 

.082 

.6787 

.082 

.6770 

.082 

.6752 

.082 

.6736 

.082 

.6719 

.082 

6703 

.082 

.6688 

.082 

.6672 

.082 

.6656 

.082 

.6641 

.082 

.6626 

.082 

.6611 

.082 

1440 


.6872 

.080 

.6854 

.080 

.6836 

.080 

.6820 

.080 

.6803 

.080 

.6787 

.080 

.6771 

.080 

.6764 

.080 

.6738 

.080 

.6723 

.080 

.6708 

.080 

.6693 

.080 

.6679 

.080 

1450 


.6938 

.080 

.6920 

.080 

.6903 

.080 

.6886 

.080 

.6869 

.080 

.6853 

.080 

.6837 

.080 

.6820 

.080 

.6804 

.080 

.6789 

.080 

.6773 

.080 

.6759 

.080 

.6745 

.080 

1460 


.7003 

.078 

.6984 

.078 

.6967 

.078 

.6950 

.078 

.6933] 

.078 

.6916 

.078 

.6900 

.078 

.6884 

.078 

.6868 

.078 

.68531 

.078 

.6838 

.078 

.6823 

.078 

.6809 

.078 

1470 


.7063 

.077 

.7045 

.077 

.7028 

.077 

.7010 

.077 

.6994 

.077 

.6978 

.077 

.6962 

.077 

.6946 

.077 

.6930 

.077 

.6914 

.077 

.6899 

.077 

.6884 

.077 

.6870 

.077 

1480 


.7124 

.077 

.7106 

.077 

.7088 

.077 

.7071 

.077 

.7055 

.077 

.7038 

.077 

.7023 

.077 

.7006 

.077 

.6991 

.077 

.6975’ 

.077 

.6960 

.077 

.6945 

.077 

.6931 

.077 

1490 


.7183 

.076 

.7165 

.076 

.7147 

.076 

.7131 

.076 

.7114 

.076 

.7098 

.076 

.7082 

.076 

.7066 

.076 

.7049 

.076 

.7034| 

.076 

.7019 

.076 


.076 

.6990 

.076 

1500 



NOTE—The characteristics of the logarithms in Table lA 
are not given. They are 0. for all values up to 1070 of “weight in 
grams of one liter of wet pulp,” and for the last few columns 
of 1070. For all values above 1070 and most of 1070 the value 
is 1. The point of change of the characteristic from zero to 
unity can be seen by the change of the mantissa from .009 + 
to .000—. It can also be determined by looking up the 
antilogarithm in Table 1, and determining as usual in such 
work the characteristic of the logarithm of that number. 

isDetermination by J. M. Tippett. Personal communication. 
i4l)etermination by M. T. Murray, “Practical Applications 
of the Specific Gravity or Moisture Flask.” “Journ.” Chem.. 
Met. and Min. Soc. of S. A., Vol. 12, p. 170. 
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1310 1330 1350 1370^1390 KIO H30 1450 14^0 (490 1510 t530 


m + cd 


a = • 


s = . 


m 


V (V — c) 

Solving for c, equating values, simplify¬ 
ing and solving for m: 

SV (a —d) 

m =- 

(S —d) 

P is obtained by multiplying the above 
value of m by 100 and dividing by the weight 
of the wet pulp, Va: 

100 S (a —d) 


m 


1030 1050 1070 1090 UlO n30 1130 1170 1190 l2IO 1230 |ZS0 1270 129t 

WcigK"! loCjrornsof One Liter ot We+ Pulp 

Curve IIB. Weight of 1 Cu. Pt. of Wet Pulp. 


a (S —d) 
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Weight in Grams of One Liter of Wet Pulp 


PULP CONSTANTS. 


It has been generally supposed that the differ¬ 
ence between the specific gravity of the average 
mill solution and that of water was so slight that 
the error introduced through this source would be 
negligible. The results previously given for the 
specific gravity of mill solutions indicate that there 


is considerable variation. This variation in many 
cases bears no fixed relationship to the cyanide 
strength and alkalinity of the solution. The spe¬ 
cific gravity is governed to no small extent by other 
salts which accumulate in solution and in certain 
cases to foreign salts which are added to perform 


TABLE II. WEIGHT IN POUNDS OF ONE CUBIC FOOT OF WET PULP 

Formula: 62.42 a 
Weight of One Liter of Wet Pulp 


Wt. of One Liter 
of Wet Pulp 

1010 

1020 

1030 

1040 

1050 

H 

1070 

H 

1090 


1110 

1120 

1130 

1140 

1150 

1160 

1170 

1180 

1190 

1200 

1210 

Wt of 1 Cu. Ft. 


mill 

■R 



1 









1 







of Wet Pulp 

63.04 



64.91 

65.54 

66.16 


67.41 

68.03 

68.66 

69.28 


70.53 


72.41 

73.03 

73.65 

74.27 

74.90 

75.53 


1220 

1280 

76.15 

76.77 


12401 


7T.80 


12S0 

[78.02 


TABLE II. WEIGHT IN POUNDS OP ONE CUBIC FOOT OP WET PULP—Continued 


Wt. of One Liter 
of Wet Pulp 


1270 

H 


HQ 

m 


133o| 1340 




1380 

1390 

H 

1 — 

1 1410 

1420 

1430 

1440 

1450 

1460 

1470 

1480 


1500 

Wt. of 1 Cu. Ft 
of Wet Pulp 

78.65 

79.27 

79.89 

80.52 

81.14 

81.77 

82 . 39 ! 

83.02183.64 

84.26 

84.88 

85.51 

86.14 

86.76 

87.38 

■ 

88.63 

89.25 

89.88 

90.51 

91.13 

91.35 

92.38 


93.63 



TABLE HA. 

LOGARITHMS OP WEIGHT OP ONE CUBIC FOOT OP WIQT 

PULP 






The Characteristic of All Logarithms in This Table is 1 



TABLE HA. LOGARITHMS OP WTEIGHT OF ONE CUBIC FOOT OF WET PULP—Continued 



TABLE III. POUNDS OF DRY SLIME IN ONE CUBIC FOOT OP WET PULP 
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Formula: 62.42 a- 

100 

Specific Gravity of Dry Slime 
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Weight In Grams of One Liter of Wet Pulp 


PULP CONSTANTS, gj 


TABLE IIIA. LOGARITHMS OF POUNDS OF DRY SLIME IN ONE CUBIC FOOT OF WET PULP 

Specific Gravity of Dry Slime 


1 

} 2.50 

1 Cor- 
1 ree- 
lion 

r 

1 2.52 

Cor- 

rec- 

tioo 

2.54 

Cor¬ 

rec¬ 

tion 

2.56 

Cor¬ 

rec¬ 

tion 

2.58 

Cor¬ 

rec¬ 

tion 

2.60 

Cor¬ 

rec¬ 

tion 

2.62 

Cor¬ 

rec¬ 

tion 

2.64 

Cor¬ 

rec¬ 

tion 

2.66 

Cor- 

rec- 

Uon 

2.68 

Cor¬ 

rec¬ 

tion 

2.70 

Cor¬ 

rec¬ 

tion 

2.72 

Cor¬ 

rec¬ 

tion 

2.74 

Cor¬ 

rec¬ 

tion 

1010 

.2840 


.2862 


.2885 

1 

.2907 


.2929 

1 

.2949 


.2969 


.2989 


.3008 




1.3047 


.3066 

1 

1.3084 


1020 

.9829 

94.9 

.9851 

95.4 

.9874 

95.9 

.9896 

96.4 

.9918 

96.9 • 

.9938 

97.3 

.9959 

97.8 

.9979 

98.3 

.9990 

98.8 

.0017 

99.3 


99.7 

.0056 

ifiTilll 


100.5 

1030 

.8068 

31.41 

8090 

31.59 

.8113 

31.76 

.8135 

31.93 

.8156 

32.091 

.8177 

32.26 

.8197 

32.42 

.8218 

32.58 

.8238 

32.73 

.8258 

32.89 

.8276 

33.1 

.8295 

33.2 

.8314 

33.3 

1040 

.6818 

15.60 

.6840 

15.69 

.6863 

15.78 

.6885 

15.87 

.6906 

15.95! 

.6928 

16.03 

.6948 

16.11 

.6968 

16.19 

.6988 

16.27 

.7008 

16.35 

.7027 

16.43 

.7045 

16.50 

.7063 

16.68 

1050 

.5849 

9.29 

.5871 

9.35 

.5894 

WEB 

.5916 

9.45 

.5936 

g!lHill 

.5958 

9.55 

.5979 

mm 

.5999 

9.65 

.6020 

9.69 

.6039 

9.74 

.6057 

9.79 

.6076 

9.84 

.6094 

9.88 

1060 

5057 

6.15 

.5079 

6.19 

infill 

6.231 

.5124 

6.26 

.5145 

6.29 

.5165 

6.33 

.6186 

6.36 

.5207 

6.40 

.5227 

6.43 

.5247 

6.46 

.5265 

6.49 

.5284 

6.52 

.5302 

6.56 

1070 

.4389 

4.36 

.4411 

4.39 

.4433 

4.421 

.4454 

4.44 

.4476 

4.46 

.4498 

4.48 

.4518 

4.5l| 

.4538 

4.53 

.4558 

4.56 

.4577 

4.58 

.4595 

4.60 

.4615 

4.62 

.4633 

4.64 

1080 

.3808 

3.25 

.3829 

3.28 

.3852 

3.30' 

.3876 

3.32 

.3897 

3.33 

.3916 

3.35 

.3938 

3.371 

.3959 

3.39 

.3978 

3.40 

.3997 

3.42 

.4016 

3.44 

.4035 

3.45 

.4053 

3.47 

1090 

.3296 

2.51 

.3318 

2.53 

.3342 

2.54 

.3365 

2.55 

.3387 

2.56 

IScgtil.i 

2.58 

.3426 

Bin 

.3448 

2.61 

.3467 

2.62 

.3487 

2.64 

.3504 

2.66 

EUfl 


.3541 

2.68 

1100 

.2840 

1.99 

.2862 

2.00 

.2885 

2.02 

.2907 

2.03 

.2927 

2.05 

.2949 

mi 

.2969 


.2989 

2.08 

.3008 

2.10 


2.11 

.3047 

2.11 

.3066 


.3084 

2.13 

1110 

.2425 

1.62 

.2448 

1.63 

.2470 

1.64 

.2492 

1.65 

.2514 

1.66 

.2534 

1.67 

.2555 

1.68] 

.2674 

1.69 

.2596 

1.70 

.2615 

1.71 


■EQ 

.2653 

1.72 

.2669 

1.73 

1120 

.2047 

1.84 

2068 

1.35 

.2092 

1.36 

.2114 

1.37 

.2135 

1.38 

.2156 

1.38 

.2177 

1.39! 

.2196 

1.40 

.2218 

1.41 

.2238 

1.41 

.2256 

1.42 

.2274 

1.43 

.2292 

1.43 

1130 

ITOO 

1.12 

.1723 

1.13 

.1745 

1.14 

.1767 

1.14 

.1790 

1.16 

[Emu 

1.16 

.1830 

1.171 

IETMiI 

1.17 

.1870 

1.18 

.1889 

1.19 

.1909 

1.19 

.1926 

1.20 

.1945 

1.20 

1140 

.1377 

.96 

.1400 

.96 

.1424 

.97 

.1446 

.97 

.1467 

.98 

.I486 

.99 


IEiMI 

.1529 

1.00 

.1547 

mSm 

.1569 

1.01 

,1587 

1.02 

.1605 

1.03 

.1623 

1.03 

1150 

.1079 

.82 

.1099 

.83 

.1123 

.84 

.1146 

.84 

.1166 

.85 

.1186 

.85 

Bquu 

.85 

.1229 

.86 

.1248 

.87 

.1268 

.87 

.1287 

.88 

.1303 

.89 

.1323 

.89 

1160 

.0799 

.71 

.0821 

.72 

.0842 

.73 


.73 

.0885 

.74 

Imiiinn 

.74 

.0927 

.75 

.0948 

.75 

.0969 

.75 

.0986 

.76 

.1007 

.76 

.1024 

.77 

.1041 

.77 

1170 

.0535 

.63 

.0558 

.63 

mMUii 

.63 

El!™ 

.63 

.0626 

.64 

.0643 

.64 

.0663 

.66 

.0686 

.65 

.0704 

.66 

.0726 

.66 

.0745 

.66 

.0763 

.67 

.0781 

.67 

mm 


.66 

.0310 

.56 

.0330 

.57 

1.0354 

.57 

inK4fil 

.67 

.0394 

.67 


.57 

.0438 

.57 

.0457 

.58 

.0477 

.59 

.0492 

.59 

.0512 

.60 


.60 

1190 

.0052 

.49 

.0073 

.49 

.0095 

.50 

iKiilm 

.50 

fiKnl 

.50 

IfiTTW 

.60 


.61 

miimi 

.51 

.0220 

.52 

.0241 

.52 

.0257 

.52 

.0278 

.53 

.0398 

.53 

1200 

.9829 

.44 

9851 

.44 

.9874 

mS\ 

.9896 

.45 

.9918 

.46 

.9938 

.45 

.9959 

.45 

1.9979 

.46 

.9999 

.46 

.0017 

.47 

.0039 

.47 

.0056 

.47 

.0073 

.47 

1210 

.9617 


ELmj 

.398 

.9662 


.9684 

mm 

.9705 

.406 

.9726 

.409 

.9747 

.411 

.9767 

.414 

.9787 

.417 

\wrm 

.420 

.9825 

.42 

.9844 

.42 

.9862 

.42 

1220 

.9415 


9437 

.359 

.9460 

.361 

.9482 


.9504 

.865 

.9525 

.368 

.9545 

.371 

1.9565 

.374 

.9585 

.376 

1.9605 

.378 

.9624 

.381 

■rTTi 


.9660 

.385 

1230 

.9222 

.823 

.9244 

.325 

Ei • ii 

.327 

.9289 

.329 

.9311 

.331 

.9331 

.333 

.9357 

.336 

.9372 

.338 

.9392 

.340 

.9412 

.343 

.9430 

mm\ 


|f Q 


.346 

1240 

.9037 

.293 

fcijMjJ 

.296 

1 


lITIiTII 

.300 

.9125 


9147 

.304 

.9167 

.306 

.9187 

.308 

.9207 

.311 

.9227 

.313 

.9245 

KiB 

.9264 

|f Q 


.318 

1250 

.8860 

■rmi 


.269 

t 

.272 

.8927 

.274 

.8949 

.275 

EEHU 

.277 

linTTil 

.279 

lEIiUU 

.281 

.9030 

.283 

.9050 

.285 

.9069 

.287 


|f M 


.290 

1260 

.8689 

KILJ 

.8711 

1 .248 

1.8734 

.250 

.8756 

.252 

.8778 

.253 

.8798 

.255 

.8819 

.267 

.8839 

.259 

.8869 

.261 

.8878 

.263 

.8897 



i|f jfj 



1270 

.8525 

.226 

.8547 

.227 

[in™ 

.229 

.8592 

.231 

.8614 

.232 

.8634 

.234 

.8655 

.235 

.8675 

.237 

.8695 

.239 

.8715 

.241 

.8733 

If [ j 

.8752 

.244 


l^n 

1280 

.8367 

.207 

.8389 

.209 

.8412 

.211 

.8434 

.212 

.8456 

.214 

.8476 

.216 

.8497 

.217 

.8517 

.219 

.8537 

.221 

1.8556 

.222 

.8575 


HMjlJ 

.225 



1290 

.8215 

.190 

8237 

1 .192 

.8260 

.194 

.8282 

mm 

.8304 

.197 

.8324 

.198 

.8345 


.8365 

M’liWI 

.8385 

.203 

mm 



If " J 


.207 


llfT!t!i 

1300 

.8068 

.177 

8090 

.179 

.8113 

.180 

.8135 

.181 

.8156 

.183 

.8177 

.184 

.8197 

.1861 

.8218 

.188 

.8238 

.189 

.8258 

.190 

.8276 


.8295 

.192 

.8313 

.193 

1310 

.7926 

.165 

.7947 

.167 

.7970 

.168 

.7992 

.169 

.8014 

.171 


.172 

.8055 

.1731 

iiTTiin 

.175 

.8096 

.177 

.8114 

.178 

.8133 

.1791 

.8152 

.180 

.8178 

.181 

1320 

.7788 

.151 

.7810 

.153 

.7833 

.154 

.7855 

.155 

.7877 

.157 

.7898 

.168 

.7918 

.1591 

.7938 

.161 

.7958 

.162 

.7978 

.163 

.7996 

; 1 

.8075 

.165 


.169 

1330 

.7654 

.143 

.7676 

.144 

.7699 

.145 

.7721 

.146 

.7743 

.148 

.7763 

.149 

.7784 

.1501 

EOT] 

.161 

.7824 

.152 

.7844 

.153 

i 1 

M J 


.155 

.7899 

.156 

1340 

.7524 


.7546 

.135 

.7569 

.136 

.7591 

.137 

.7612 

.138 

.7634 

.139 

.7654 

Mini 

.7674 

.141 

.7694 

.142 

.7714 

.143 

I;/J 

■f [ 1 

IQQj 

HB 

.7769 

.146 

1350 

.7398 

V T 

.7420 

.125 

.7443 

.126 

.7465 

.127 

.7487 

.128 

l»MiM 

.129 

.7528 

kEIu 

.7648 

.131 

.7669 

.132 

.7588 

.133 


K ; 1 


.135 

.7643 

.136 

1360 

.7276 

If X 

.7298 

.117 

.7321 

.118 

.7343 

.119 

Emm 


.7385 

.121 

.7406 

.122 

.7426 

.123 

.7446 

.124 

.7466 

.125 

.7484 

If * 3 

ITTiKl 

.126 

.7521 

.127 

1370 

.7157 

H iT 

.7179 

.110 

.7202 

.111 

.7224 

.112 

.7246 

.113 

.7266 

.114 

.7287 

.116 

in Mill 

.116 

.7327 

.117 

.7346 

.118 

.7365 

.119 

.7384 

.120 

.7402 

.120 

1380 

.7041 

If T 

7063 

.103 

.7086 

.104 

KlLlO 


.7130 

.106 

.7160 


.7171 

■TiTHI 

.7191 

.108 

.7212 

HFIj 

.7231 

.110 

.7250 

.111 

.7268 

.112 

.7286 

.118 

1390 

.6928 

It j 

.6950 

.098 

.6973 

KIE 

.6995 

Mik 3 

.7017 

mu 

IWrliXM 

.101 


.102 

.7078 

msm\ 

Il4fil!]:l 

litilll 

.7117 

.105 

.7136 

.106 

.7154 

.107 

.7172 

.107 

1400 

.6818 

In ^ 

.6840 

.092 

.6863 

.093 

.6885 


.6906 

.094 

.6928 

.095 

.6948 

.096 

.6968 

.096 

.6988 

.097 

ftiililj 

.098 

.7026 


.7045 

.100 

.7063 


1410 

.6711 

It X 

.6733 

.087 

.6756 

.088 

.6778 


lltiTITiTil 

.089 


.090 

.6841 

KIE 

.6861 

.091 

.6882 

.092 

.6901 

.092 

.6920 

If ; ( 

.6938 



iQif 

1420 

.6607 

Ml T 

.6629 

.082 

.6652 

.083 

.6674 

.083 

.6695 

.084 

1.6716 

.085 

.6737 

.085 

.6757 

.086 

.6777 

.087 

.6797 

.087 

.6815 

If: 


|f ^ 

llfl: J 

Ifffi 

1430 

.6504 

.077 

.6526 

.078 

.6549 

.079 

.6571 

.079 

.6592 

.080 

1.6613 

.081 

.6634 

.081 

.6654 

.082 

.6674 

.083 

.6694 

.083 

.6713 

|f: 

IKiUili 

||f M 

llQ 7 


1440 

.6404 

.072 

.6427 

.073 

.6449 

.074 

.6471 

.074 

.6492 

.075 

1.6514 

.076 

.6534 

.076 

.6654 

.077 

.6574 

.078 

.6594 

.078 

.6612 

llf n' 

Ielmi 

If -ti] 

Ilf! [f 

.080 

1450 

.6307 


6330 

.069 

.6352 

.069 

.6374 

.070 

.6396 

.070 

i 6417 

.071 

.6437 

.071 

.6457 

.072 

.6478 

.072 

.6497 

.073 

.6516 

.078 

.6534 

.074 

.6552 

.076 

1460 

.6211 

Kiy 

.6234 

.066 

.6256 

.066 

.6278 

.067 

.6299 

.067 


.068 

.6341 

.069 

.6361 

KIE 

.6381 

.071 

.6401 

.071 

lirTFIil 

.072 

.6437 

.073 

.6456 

.073 

1470 

.6118 

.061 

.6140 

.061 

.6163 

.062 


mm 

.6207 

.064 

.6227 

.065 

.6248 

.065 

.6268 

.066 

.6288 

.066 


.067 

.6327 

.067 

.6345 

•Tj 

E 

.068 

1480 

.60271 


.6049 

.058 

.6072 

.059 

6094 

.060 

.6116 

.060 

.6136 

.061 

.6157 

.061 

.6177 

.062 

.6197 

.063 

.6217 

.063 




|f M 

t 

.066 

llTnil 


KiMol 

.5959 

.056 

.5982 

.057 

.6004 

.057 

.6026 

.058 

.6046 

.059 

.6047 

.059 

.6087 

.060 


.061 

.6127 

.061 



.6164 

|f M 

E 

.063 


B 

.0631 

1 

.5871 

.053 

.5894 

.054 

.5916 

.054 

.5938 

.055 

.5958 

.056 

.5979 

_1 

.056 

.5999 

.057 


.058 

.6039 

.058 

B 


.6076 

B 

.6084 

.060 


Note—The natural values are given for the corrections on account of the manner in which the are applied. 

Note—The characteristics of the logarithms in the above table can be determined as was done in Table 1. They are all 
either 0 or 1. 
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686 CONSTANTS, 


special functions. Hyder’s*® article is a notable ex¬ 
ception to this, as he derives the formula taking a 
general value for the specific gravity of the solu¬ 
tions, and calls particular attention to the error 
introduced when the specific gravity of the solution 
is assumed to be 1. Unfortunately most operators 


do not appear to be familiar with his work. Stad- 
ler‘® states that the specific gravity of South Afri¬ 
can solution is not high enough to cause an im- 


i5“Speciflc Gravity Estimation of Pulp," Colo. Sci. Soc., Vol. 
9. p. 417. 

i6“Practical Applications of the Specific Gravity or Moisture 
Flask,” "Journ.” Chem., Met. and Min. Soc. S. A., Vol. 12, p. 170. 



3p«cififc Gravity of Dry Slime 


Curve IIIB. Weights, in Lbs. of Dry Slime in 1 Cu. Ft. of Wet Pulp 


TABLE III. POUNDS OF DRY SLIME IN ONE CUBIC FOOT OF WET PULP—Continued 

P 

Formula: 62.42 a- 

100 


Specific Gravity of Dry Slime 


2.76 




n 

2.80 




2 . 84 | 




■ 


2.90 


■ 


2.94 


1 


n 




■ 


.9789 

1.958 

.0973 

1.9748 

1.950 

.0970 

.9709 

1.942 

.0966 

.9670 

1.934 

.0962 

.9633 

1.927 

.0958 

.9598 

1.920 

.0955 

.9561 

1.912 

.0951 

.9526 

1.905 

.0947 

.9493 

1.898 

1 

.0944 

1.9458 

1.891 

.0940 

1.9425 

[ 1.885 

. 0937 , 

.9393 

1.878 

.0934 

.9363 

1.872 

.0931 

1010 

1020 


2.936 

.0967 

2.924 

.0963 

2.913 

.0960 

2.901 

.0957 

2.890 

.0953 

2.879 

.0949 

2.868 

.0946 

2.858 

.0943 

2.848 

.0939 

2.837 

.0936 

| 2.827 

.0933 

2.818 

.0930 

2.809 

.0927 

1030 


3.916 

.0963 

3.900 

.0959 

3.884 

.0955 

3.869 

.0952 

3.854 

.0949 

3.840 

.0945 

3.825 

.0941 

3.811 

.0938 

3.797 

.0935 

3.784 

.0932 

3.771 

.0929 

3.758 

.0926 

3.745 

.0923 

1040 


4.895 

.0956 

4.874 

.0952 

4.854 

.0948 

4.835 

.0945 

4.817 

.0942 

4.799 

.0939 

4.781 

.0935 

4.763 

.0932 

4.746 

.0929 

4.729 

.0926 

4.713 

.0923 

4.697 

.0920 

4.682 

.0918 

1050 


6.873 

.0951 

5.849 

.0947 

5.826 

.0944 

5.803 

.0941 

5.781 

.0938 

5.759 

.0934 

5.737 

.0931 

5.716 

.0928 

5.696 

.0925 

5.676 

.0922 

5.656 

.0919 

5.637 

.0916 

5.618 

.0914 

1060 


6.852 

.0944 

6.823 

.0940 

6.796 

.0937 

6.769 

.0934 

6.744 

.0931 

6.719 

.0928 

6.693 
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PULP CONSTANTS, 


m 


portant error in estimating the tonnage of dry 
slime. Sharwood'^ has called attention to the fact 
that with excessively thin mixtures, such as the 
overflow of dams or clarifying tanks, the dissolved 
salts in the water may have an important influence 
upon the determination of the solids in suspension. 


The percentage of difference in this case would 
be 7.49. 

It will be noted that as the percentage of solids 
in the pulp decreases the percentage of error from 
this source increases. 

In the hydrometallurgy of copper, which is now 


TABLE 111-A. LiOGARITHMS OF POUNDS OP DRY SLIME IN ONE CUBIC FOOT OF WET PULP—Continued 

Specific Gravity of Dry Slime 
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.2281 

.086 

.2266 

.086 

1180 

.2695 

.088 

.2676 

EH 

.2660 

.088 


.088 

.2627 

.088 

.2610 

.087 

.2594 

.087 

.2577 

.086 

.2562 

E 

.2545 

.086 

.2531 

.086 

.2516 

.086 

.2502 

.085 

1190 


.2918 

.087 

.2908 

.087 

.2882 

.087 

.2865 

.087 

.2849 

.087 

.2833 

.086 

.2815 

.086 

.2799 

.085 

.2783 

E 

.2767 

.085 

.2753 

.084 

.2737 

lirm 

1 

.084 

1200 

0 

.3128 

.086 

.3111 

. 086 , 

.3094 

.086 

.3077 

.086 

.3060 

.086 

.3045 

.086 

.3028 

.085 

.3010 

.085 

.2995 

.085 

.2980 

.085 

.2983 

.084 

.2949 



.084 

1210 

u 

.3330 

r 086 

.3312 

.086 

.3296 

.086 



.3261 

.086 

.3247 

Ena 

.3239 

.085 

.3234 

.085 

.3197 

.085 

.3183 

.085 

.3166 

.084 

.3151 

iEm 

1 

.084 

1220 

o 

.3624 

.085 

.3506 

.085 

.3489 

.085 

.3478 


.3456 

.085 

.3440 

.085 

.3422 

.084 

.3416 

.084 

.3391 

.084 

.3375 

.084 

.3361 

.083 

.3345 

.083 

1.3330 

.083 

1230 

3 

.3709 


.3693 

.085 , 

.3574 


i 

.085 

{.3640 

.085 

.3625 

.085 

.3608 

.084 

.3591 

.084 

.3576 

Em 

iKMili] 

.084 

.3545 

.083 

.3530 

.083 

1.3523 

.083 

1240 

M 

.3886 

.084 

.3869 

.084 

.3851 

.084 

1 

.084 

.3817 

.084 


.083 

.3784 

.083 

Ei£E 

.083 

.3753 

.083 

.3736 

.083 

.3722 

.082 

.3707 

.082 

'.3692 

.082 

1250 

4> 

.4057 

.085 

.4040 


.4023 

.084 

f 

.084 

.3988 

.084 

.3972 

.084 

.3955 

.083 

.3959 

.083 

.3923 

.083 


.083 

.3893 

.082 

.3877 

.082 

.3863 

.082 

1260 

a 

4221 


.4203 

.083 

.4186 

.083 

.4168 

.083 

.4151 

.083 

.4136 

.083 

IlCiWil 

.083 

IIPtiM 

.082 

.4087 

.082 

.4072 

.082 

.4057 

.082 

.4042 

.082 

.4028 

.082 

1270 

O 

.4379 

.083 

.4362 

.083 

.4344 

.083 

.4326 

.083 

.4310 

.083 

.4294 

.082 

.4276 

.082 

.4280 

.082 

.4246 

.081 

.4231 

.081 

. 4214 j 

.081 

.4200 

.081 

.4186 

.081 

1280 

%4 


KikH 

.4513 

.082 

.4496 

.082 

,4479 

.082 

.4462 

.082 

.4447 

.082 

.4429 

.082 

.4414 

.082 

.4398 

.081 

.4382 

.081 

.4366 

.081 

.4352 

.080 

.4338 

.080 

1290 

o 

.4678 


KljljW 


.4643 

.082 



.4609 

.082 

.4592 

Em 

.4576 

.081 

1.4581 

.081 

.4545 

.080 

.4529 

.080 

.4513 

.080 

.4499 

.080 

.4486 

.080 

1300 

n 

.4822 



.082 

.4786 

.081 

.4768 

|R 

.4752 

.081 

.4736 


.4719 

.081 


.081 

.4688 

.080 

.4672 

.080 

.4657 

.080 

.4642 

.080 

.4628 

.080 

1310 

S 

.4958 

.080 1 

.4940 

.080 

.4923 

.080 



.4888 

.080 

.4873 


.4856 

.079 

.4860 

.079 

.4824 

.079 

.4809 

.079 

.4794 

.079 

.4780 

.079 

.4765 

.079 

1320 

g 

.5092 

KjKM 

.5075 

.080 

5057 

.080 

.5039 

E ?tiM 

.5023 

Ena 

.5006 

.080 


.080 

.4983 

.080 

.4958 

.079 

.4943 

.079 

.4928 

.079 

.4914 

.079 

.4900 

.079 

1330 

O 

.5222 

IPkiiMi 

.5204 

.080 

.5186 

.079 

.5169 

.079 

1.5153 

.079 

.5136 

.079 

.5120 

.079 

IIMtiIl 

.079 

.5089 

.079 

.5073 

.079 

E0J 

.079 

.5043 

.079 

.5028 

.079 

1340 


.5348 

.079 

.5330 

.079 

.5313 

.079 

.5296 

.079 

.5279 

.079 


.079 

.5247 

.079 

.5231 

.079 

.5215 

.078 

.5200 

.078 

1.5184 

.078 

.5169 

mm 

.5155 

.078 

1350 

6 

.5470 

.078 

.5452 

.078 

.5434 

.078 

.5417 

.078 

.5401 

.078 

. 538.4 

.077 

.5368 

.077 

.5352 

.077 

.5336 

.077 

.5321 

.077 

.5306 

.077 

.5291 

.077 1 

.5276 

.077 

1360 


.5589 

.078 

.5571 

.078 

.5553 

.077 

.5536 

.077 

.5519 

.077 

. 550'4 

.077 

.5488 

.077 

.5472 

.077 

.5456 

.076 

.5439 

.076 

.5424 

.076 

.5410 

Em 

.5396 

.076 

1370 

•a 

.5705 

.078 

.5688 

.078 

.5670 

.078 



.5636 

.078 

.5619 

Em 

.5603 

.077 

.5580 

.077 

.5572 

.077 

.5556 

.077 

.5541 

.077 

.5527 

.077 

.5512 

.077 

1380 

to 

.5818 

.077 

.5800 

.077 

.5783 

.077 

.5766 


.5750 

.077 

EzEBj 

IQZl 

.5716 

.077 


.077 

.5684 

.076 

.5669 

.076 

.5654 

.076 

.5640 

.076 

.5625 

.076 

1390 


.5928 


.5911 

.076 

.5893 

.076 



.5859 

.076 

.5843 


.5826 

.076 

.5811 

.076 

EzED 



.075 

.5765 

.075 

.5750 

.075 

.5734 

.075 

1400 

.6036 

.076 

.6017 

.076 

.6000 

.075 

.5982 

.075 

.5966 

.075 

.5949 

RimE 

.5933 

.075 

.5912 

.075 


Eua 

IHStJ 

.075 

.5871 

.075 

.5857 

.075 

;.5842 

.075 

141 p 

1420 

.6139 

.074 

.6121 

.074 

.6104 

.074 

.6087 

.074 

.60701 

.074 

.6053 

.074 

.6037 

.074 

.6028 

.074 

.6005 

.074 

.5990 

.074 

.5975 

.074 

.5960 

.074 

.5946 

.074 


.6242 

.075 

.6224 

.075 

.6207 

.075 

.6189 

.075 

.6173 

.075 

.6157 

.075 

.6140 

.075 

.6123 

.075 

.6109 

EIZS 

.6093 

.074 

.6078 

.074 

.6063 

.074 

.6049 

.074 

1430 


.6342 

.073 

.6324 

.073 



.6289 

.073 

.6273 

.073 

.6256 

.073 

.6240 

.073 

.6224 

.073 

.6209 


.6193 

.073 

.6177 

.073 

.6163 

.073 

.6149 

.073 

1440 


.6439 

.073 

.6422 

.073 

.6404 

.073 

.6387 

.073 

.6370 

.073 

.6354 

.073 

.6338 

.072 

.6322 

.072 

.6305 

im 

.6290 

.072 

.6275 

.072 

.6271 

.072 

.6246 

.073 

1450 


.6535 

.073 

.6517 

.073 

.6499 

.073 

.6483 

.073 

.6466 

.073 

.6449 

.073 

.6434 

.073 

.6418 

.073 

.6402 

.073 

.6386 

.073 

.6371 

.073 

.6356 

.073 

.6342 

.072 

1490 


.6628 

.071 

.6610 

.071 

.6592 

.071 

.6575 

.071 

.6559 

.071 

.6543 

.071 

.6526 

.071 

.6528 

.071 

.6495 

.071 


.071 

.6464 

.071 

.6449 

.071 

.6434 

.071 

147!o 


.6719 

.071 

.6702 

.071 

.6684 

.071 

.6667 

.071 

.6650 

.071 

.6633 

.071 

.6617 

.071 

.6604 

.071 

.6585 

.071 

.6571 

.071 

.6555 

.071 

II’MLO 

.071 

Kim 

.071 

14 ^ 

1490 


.6809 

.071 

.6791 

.071 

.6773 

.071 

.6757 

.071 

.6740 

.071 

.6724 

.071 


.071 

.6691 

.071 

.6675 

.071 

.6660 

.071 

.6645 

.071 

1.6630 

.071 

.6616 

.071 


.6898 

.071 

.6879 

.071 

.6861 

.071 

.6844 

.071 

. 6828 | 

.071 

.6812 

.071 

j .6795 

.071 

.6779 

.071 

.6763 

.071 

.6748 

.071 

.6733 

.071 

|.6718 

.071 

.6703 

.071 

■ 



NOTE—The characteristics of the logarithms in the above 
table can be determined as was done in Table 1. They are 
all either 0 or 1. 

i7“Measurement of Pulp and Tailing,” “Min. Mag.,” Vol. 1, 
p. 298. 


Variation Due to Specific Gravity of Solution 

In order to show the importance of making a 
correction for the specific gravity of the solution, 
we give two cases which could readily occur in 
cyanide practice. 

Taking the specific gravity of the dry slime as 
2.66 and the weight of one liter of the wet pulp 
equal to 1260 grams (specific gravity 1.260). 

(a) Taking the specific gravity of the solution 
at 1.000, P = 33.07%. 

(b) Taking the specific gravity of the solution 
as 1.008, P = 32.20%. 

The percentage of difference would be 2.63. 

Again, taking the specific gravity of the dry 
slime as 2.66 and the weight of one liter of the wet 
pulp equal to 1100 grams (specific gravity 1.100). 

(a) Taking the specific gravity of the solution 
as 1.000, P = 14.56%. 

(b) Taking the specific gravity of the solution 
as 1.008, P = 13.47%. 


of rapidly increasing importance, solutions having 
a comparatively high specific gravity are frequently 
used. In order to show more fully the effect of the 
specific ^avity of the solution upon the percentage 
of dry slime in wet pulps, and particularly for pulps 
in which the specific ^avity of the solution is 
higher than that met with in cyanide practice, we 
have calculated the values given under P and F' in 
Table A. 

The values given under P have been calculated 
by substituting in the formula and solving by the 
use of a five-place logarithmic table. 

The values given under P' have been calculated 
by taking the value for P when d is 1 and deducting 
from it a correction arrived at by taking as a con¬ 
stant, the difference between the value for P when 
d is 1 and when d is 1.010, and multiplying by the 
number of hundredths, taken as a whole number, 
by which d is greater than 1. Comparison of the 
values given for P and P' in Table A as well as the 
curves given for both values in Fig. 1, will show 
the degree of error which would be introduced at 
various parts of the table by the use of this con¬ 
stant for values of d above 1. 
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ggg PULP CONSTANTS. __ 

It will be noted that the percentages given under 
P as the specific gravity of the solution increases 
do not form a straight line; therefore a constant 
cannot be given for applying this correction which 
is accurate throughout the whole range shown by 
the curves. But we have found that covering the 
range of the present tables, which have been more 
particularly calculated for use with the cyanide 


process, i.e., for values of d up to 1.010, this por¬ 
tion of the curve is so nearly a straight line that to 
show any curvature of the line between these two 
points it is necessary to make the computations by 
considerably more refined methods than those used 
in calculating the values given in the tables to 
which this correction is applied: therefore, to keep 
the tables within reasonable bounds, we have given 



Curve Vb. Dilution Ratio of Solution of Dry Slime 


TABLE IV. NUMBER OP CUBIC FEET OP WET PULP TO MAKE ONE TON OF DRY SLIME 

2000 


Formula: P 

64.42 a- 

100 

Specific Gravity of Dry Slime 




r 

1 Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 


Cor- 




rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 


rec- 




|Uoo 

2.52 

tlrai 

2.54 

tion 

2.56 

tlon 

2.58 

tiOD 

2.60 

tlon 

2.62 

tion 

2.64 

tion 

2.66 

tion 

2.68 

tion 

2.70 

tion 

2.72 

tion 

2.74 

tlon 


mm 

1.040 




lUlM!] 


11.024 


1.019 


1.014 


1.009 


11.005 


1.000 


.9957 


.9915 


.9872 


.9831 



1020 

2.080 

.1033 

IHrCTn 

.1028 

2.059 

.1023 

intiTTa 

.1017 

2.038 

.1012 

2.029 

.1008 

2.019 

.1003 

2.010 

.0999 

iFWiTiTil 

.0994 

1.991 

.0989 

1.983 

.0985 

1.974 

.0981 

1.966 

.0977 


1030 

3.120 

.1026 

3.104 

.1021 

3.088 

.1016 

3.072 

.1011 

3.057 

.1006 

3.043 

.1001 

3.028 

.0996 

3.014 

.0992 

3.000 

.0988 

2.987 

.0984 

2.974 

.0979 

2.961 

.0975 

2.949 

.0971 


1040 

4.161 

.1020 

4.140 

.1015 

4.118 

.1010 

4.097 

.1005 

4.077 

.1000 

4.058 

.09961 

4.039 

.0992 

4.020 

.0987 

EAtItJJ 

EIlso 

3.983 

.0978 

3.966 

.0974 

3.949 

.0970 

3.933 

.0966 


1050 

5.201 

.1012 

5.175 

.1007 

5.148 

.1003 

5.122 

0998 

5.097 

.0994 

5.072 

MlWM 

5.048 

.0984 

5.025 

.0980 

5.002 


4.979 

.0972 

4.957 

.0968 

4.936 

.0964 

4.916 

.0960 


1060 

6.242 

.1006 

6.210 

.1001 

6.177 

.0996 

6.146 

.0991 

6.116 

.0987 

6.087 

K»m!mI 

6.058 

0979 

6.030 

.0974 


.0970 

5.975 

.0967 

5.950 

.0963 

5.924 

.0959 

5.899 

.0955 


1070 

7.281 

.0998 

7.244 

.0994 

7.207 

.0990 

7.170 

.0985 

7.134 

.0980 

7.100 

.0975 

7.066 

.0971 

7.034 

.0968 


.0964 

6.971 

.0961 

6.941 

.0957 

6.911 

.0953 

6.882 

.0948 


1080 

8.321 

.0991 

8.279 

.0987 

8.236 

.0983, 

8.194 

.0978 

8.154 

.0974 

8.115 

.0969 

8.076 

.0965 

8.039 

.0961 


.0958 

7.966 

.0955 

7.932 

.0951 

7.898 

.0948 

7.865 

.0944 


1090 

9.360 

.0983 

9.312 

.0979 

9.265 

.0975 

9.217 

KiTlIill 

9.171 

.0966 

9.128 

.0962 

9.085 

.0959 

9.043 

Elj^y 

IttKiTiil 

.0951 

8.960 

.0947 

8.923 

.0944 

8.884 

lEHH 

8.847 

.0936 


1100 

10.40 

.098 

10.35 

.098 

10.29 

.097 

10.24 

.097 

10.19 


10.14 

.096 

10.09 

.095 

10.05 


10.00 

.095 

9.957 

.0944 

9.915 

.0941 

9.873 

.0938 

9.831 

.0934 


1110 

11.44 

.097 

11.38 

.096 

11.32 

.096 

11.27 

.096 

11.21 


11.16 

lEm 

11.11 

.094 

11.05 

,094 

11.00 

.094 

10.95 

.093 

10.91 

.093 

IVEn 

.093 

10.81 

.092 


1120 

12.48 

.096 

12.42 

.096 

12.35 

.095 

12.29 

.095 

12.23 


12.17 

.094 

12.11 

.094 

12.06 


12.00 

.093 

11.95 

.093 

11.90 

.093 

111.85 

.093 

11.80 

.092 

A 

1130 

13.52 

.095 

13.46 

.095 

13.38 

.095 

13.31 

.094 

13.25 

.094 

13.19 

.093 

13.12 

.093 

13.06 

.092 

13.00 

.092 

12.94 

.092 

12.89 

.092 

12.83 

.092 

12.78 

.091 

0 

1140 

14.56 


14.49 

.095 

14.41 

.094 

14.34 

.094 

14.27 

.094 

14.20 

Em 

14.13 

.093 

14.07 


lilWiTi] 

Em 

13.94 


13.88 

.091 

13.82 

.091 

13.76 

.091 


1150 

15.60 


15.52 

.004 

15.44 

.094 

15.36 

.093 

15.29 

.093 

15.22 

.092 

15.14 

.092 

15.07 

.091 

15.00 

.091 

14.93 

jp 

14.87 

.091 

14.81 

.091 

14.75 

090 

•M 

1160 

16.64 


16.56 

.093 

16.47 

.093 

16.39 

.092 

16.30 

.092 


mm 

16.15 

.091 

116.08 

.091 

16.00 

.091 

15.93 

E 

15.86 

.090 

15.79 

.089 

15.73 

.089 


1170 

17.68 

.093 

17.59 

.092 

17.50 

.092 

17.41 

.092 

17.32 

.091 

17.24 

.091 

17.16 

.091 


IHiMf 

17.00 

.090 


E !pB 

16.85 

.090 

116.78..089 

16.71 

.089 


1180 

18.72 

.092 

18.63 

n 4 S 

18.53 

.092 

18.44 

.092 

18.34 

.091 . 

18.25 

Em 

18.17 

.091 

18.09 



Em 

17.93 

.090 

17.85 

.090 

17.77 

.089 

17.70 

.089 

VI 

1190 

19.77 

.092 

19.67 

W ! S 

19.56 

.091 

19.46 

.091 

19.36 

.090 

19.27 

.090 

19.18 

.090 

19.09 

.090 

19.01 

.090 

[E IE ' 

E : V 

18.84 

.089 

18.76 

.089 

18.68 

.089 

O 

iniTi] 




K • W 

IWIIM4J 


20.48 

.090 

20.38 

.089 

20.29 

.089 

20.19 

.089 

20.10 

.088 

20.00 

.088 

l| ip' 

E • 

19.83 

.088 

19.74 

.087 

19.66 

.087 

h 

1210 

21.84 


iEnw?i 

|R • n 

21.62 

.090 

21.51 

■iMiMl 

21.40 

.089 

21.30 

.089 

21.20 

.089 

21.10 

.088 

21.00 

.088 

Ik 2 ' 

E • jB| 

20.82 

.087 

20.73 

.087 

20.64 

.087 

9 

1220 

22.88 



|R ; 9 

22.65 

089 

22 53 

.089 

22.42 

.088 


E: » 


.088 

22.11 

.087 

22.00 

.087 

Ik Jp' 

E • H 

21.81 

.087 

21.72 

.087 

21.63 

.087 


1230 

23.92 

.089 

23.80 

I 989 

23.68 

.089 

23.56 

.088 

23.44 

.088 

uSfit 

|R [ 9 

23.22 

.087 

IFMifl 

ELifl 


.086 

Ik V 1 

E • 9 

22.80 

.086 

22.70 

.086 

22.61 

.086 


1240 

mwm 

.088 

24.84 

1.088 

24.71 

.088 

24.58 

.087 

24.46 

.087 


jT: 9 

24.23 

.087 

ImwfI 

Hil;l!Ml 

irnpiii 

Em 

[k 9 : 

E ^ w 

23.79 

.086 

23.60 

.086 

23.59 

.085 

9 

1250 

26.00 

.087 

25.87 

E23I 

25.73 

.087 

25.60 

.087 

25.47 

.086 


jp : 9 

25.24 

.086 

25.12 

.086 

25.00 

.085 
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26.77 

.087 
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.071 

50.97 

.071 

50 72 

.071 


UK 

50.25 

.071 1 

50.02 

_ 

.071 1 

_L 




.071 
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PULP CONSTANTS 


_fi82 

TABLE IV-A. LOGARITHMS OF NUMBER OF CUBIC FEET OP WET PULP TO MAKE ONE TON OF DRY SLIME 

Specific Gravity of Dry Slime 
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llfiiiiiiii 
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.9944 
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.3160 
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.3032 
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.4942 
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.4771 
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K ] v 

KttTII 

.077 

.6147 

.077 

.6125 

.077 

.6103 

.077 

.6083 

.077 

.6063 

.077 

.6042 

.077 

6022 

.077 

.6002 

.076 

.5984 

KmM 

.5965 

.076 

.5947 

.076 


1410 
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.076 
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.076 

.6254 

.076 


.076 

.6211 

.076 
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.076 

.6149 

.076 
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.076 
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.076 
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.076 
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.076 


1420 
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.075 
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.075 
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.075 
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.075 
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.075 

.6234 

.075 

.6214 

.075 

.6195 
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.6176 

.075 

6157 

.074 


1430 

.6506 

.076 

.6484 

.076 

.6461 

.076 

6439 

.076 

.6418 

.076 

.6397 

.076 

.6376 

.075 

.63^ 

.075 

.6336 

.076 

.6316 

.075 

.6297 

.075 

.6279 

.075 

.6260 

.075 


1440 

.6607 

.075 

.6584 

.075 

.6561 

.075 

.6539 

.074 

.6518 

.074 

.6496 

.074 

.6476 

.074 

.6456 

.074 

.6436 

.074 

.6417 

.074 

.6398 

.074 

.6379 

.074 

.6360 

.078 


1450 

.6703 

.073 

.6681 

.073 

.6658 

.073 

.6636 

.073 

.6614 

.073 

.6593 

.073 

.6573 

.073 

.6553 

.073 

.6533 

.073 

.6514 

.073 

.6495 

.073 

.6477 


.6458 

1.078 


1460 

.6800 


.6777 

.073 

.6754 

.073 

.6732 

.073 

.6711 

.078 

.6689 

.073 

.6663 

.073 

.6648 

.073 

.6628 

.073 

iTTiml 

mEm\ 

.6591 

.073 

.6572 

.073 

.6553 

.073 


1470 

.6892 

.072 

.6870 

.072 

.6848 

.072 

.6825 

.072 

.6803 

.072 

.6782 

.072 

.6762 

.072 

.6742 

.072 

.6722 

.072 

.6702 

.072 

.6684 

.072 

.6665 

.072 

.6646 

.071 


1480 

.6984 

.071 

.6961 

.071 i 

.6938 

.071 

.6916 

.071 

.6895 

.071 

.6874 

1.071 

.6853 

.071 

.6833 

.071 

.6813 

.071 

.6793 

.071 


EQI 


.071 

.6738 

.071 


1490 

.7073 

.071 

.7050 

.071 

.7029 

.071 

.7006 

.071 

.6984 

.071 

.6964 

1.071 

.6943 

IFTfVI 


mm} 


.071 

.6883 

.071 


EBI 

E2I]i 

.071 

.6828 

.071 


1500 

.7162 

.071 1 
1 


.071 

.7116 

.071 

.7084 

.071 

.7073 

.071 

.7052 

.071 

1 _ 

.7031 

Qjv 


.071 

.6991 

.071 

_ 

.6971 

mi 

.6952 

.071 

.6934 

.071 

.6916 

1.071 


Note—The natural values are given for the corrections on account of the manner In which they are applied. 

Note—The characteristics of the logarithms in the above table can be found as was done in Table 1, but it is safer with 
this table to look up the natural number in Table 4 and from that calculate the characteristic, which may be either 3, 2 or 1. 


a constant for each value which has been calculated 
by assuming that between these limits the percent¬ 
age line is straight. In each case the value of P 
has been calculated, talcing d as 1 and also as 1.010. 
The difference between these two results, divided 
by 10, gives the constant used. The method of 
applying this correction is explained more in detail 
in connection with each table. 

Effect of Temperature 

Variations in temperature cause a change in 
volume of wet pulps which may give rise to a more 
or less serious error, the ma^itude of which de¬ 
pends upon the temperature difference. In former 
articles upon the subject, the effect of temperature 
has been ignored. The range in temperature of 
pulps in cyanide practice may vary from slightly 
above freezing, in a cold climate, to about 50° C. 
(122° F.), in a tropical country, or where the so¬ 
lutions are heated. 

After considerable investigation, we have con¬ 
cluded that the best method of providing for this 
correction is to make all calculations upon the basis 
of water at its greatest density (4° C.). If the 
specific gravity of the dry slime is determined using 
distilled water at 4° C. and the precaution is taken 
of weighing the liter of pulp at the same tempera¬ 
ture, whatever that may be, of the large mass of 
pulp in the tank, in a liter flask which has been 
calibrated at 4° C., the effect of temperature is 
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provided for with the exception of that due to the 
expansion of the flask and of the tank containing 
the pulp, with increasing temperature above 4° C. 
An ordinary glass flask^” calibrated to contain 100 
grams of water at 4° C. (39.2° F.), if used with 
pulps at 50° C. (122° F.) would expand about %%. 
With average pulps this would amount to about 
1^4 grams per liter. The expansion of wooden 
tanks with increasing temperature -is variable, de¬ 
pending upon the variety of wood*® of which the 
tanks are constructed, as well as the limitation im¬ 
posed by the steel hoops. The circumference of a 
steel tank** 50 ft. in diameter would be increased 
by about 1 in. by a rise of temperature from 4° C. 
to 50° C. The error due to the expansion of the 
liter flask is, therefore, largely compensated by 
the expansion of the tank containing the pulp; but 
even if this were not the case, this correction would 
be negligible. 

Determination of the Specific Gravity of the Dry 
Slime 

S (specific gravity of the dry slime) may be de¬ 
termined upon a sample of the dry slime by the well 
known pycnometer method. The pycnometer most 
generally used for this purpose is a small glass bot¬ 
tle. Into the central neck is introduced a small 

ifiCalculated from data griven in ^'Physical and Chemical 
Constants.” by Kaye and Saby, p. 22. 

20 Ibid., p. 53. 

21 Ibid., p. 53. 
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glass thermometer, through the medium of a 
ground joint, for the purpose of indicating the tem¬ 
perature. Similarly, into the other neck is fitted a 
glass stopper, having a capillary opening at the 
center. 

Clean the pycnometer and fill with recently boil¬ 
ed distilled water at 4° C. so that the water just 
overflows the capillary opening in the glass stopper. 
Dry the outside and weigh accurately. Call this 
weight “D.” Fill the pycnometer about half full of 
distilled water, then introduce five grams of the 
dry slime, which has been accurately weighed. Boil 
to remove air, cool on ice to 4° C., add water at 
4° C. to fill the flask, and weigh. Call this weight 
C. Call the weight of the ore taken W. Specific 

W 

gravity of the dry slime --. By tak- 

D-f W —C 

ing a greater weight of the dry slime, this determin- 
tion can be made in the ordinary 1000-c.c. flask, 
and it is perhaps desirable to use the larger flask 
when an accurate analytical balance is not available. 

This is sometimes termed the specific gravity of 
the wet pulp, but the weight of a liter of the wet 
pulp, expressed in grams, appears to be a better 
term, therefore we have designated it in this man¬ 
ner throughout the tables. This is determined by 
weighing 1000 c.c. of the wet pulp at the tempera¬ 
ture of the large mass of pulp. Sharwood** pre¬ 
fers a conical vessel made of tin plate for making 

table: IV. NUMBER OF CUBIC FEET OF WET PI 


this determination in mill work. Stadler*® states 
that in practice he has found that a flask (pre¬ 
sumably glass) having a large mouth ground trae, 
the ground edge to be used as a mark of capacity, 
is more convenient than the usual flask with a mark 
below the mouth. Pooler®* admits the convenience 
of the large neck flask as advocated by Stadler, but 
calls attention to the great error which may arise 
when it is used. For various reasons we favor for 
this purpose in both laboratory and mill work the 
use of the ordinary 1000-c.c. narrow-neck flask cut 
oflf about 1/4 in. above the mark. The narrow neck 
projecting a short distance above the mark makes 
for greater accuracy and on account of the care 
necessary in handling a flask completely filled with 
solution or pulp is fully as convenient to use as the 
wide-neck flask which is filled level full. The fre¬ 
quent breaking of the glass flask, due to the rough 
handling which such apparatus receives in mifl 
work, cannot be denied; but herein lies one of its 
strong points of advantage. A thin metal flask may 
soon become inaccurate through distortion and 
denting; but as long as it does not leak, the mill 
man is prone to continue its use. When such an ac¬ 
cident happens to a glass flask, it is put entirely out 


22“Measurement of Pulp and Tailing/* “Min. Mag./* Vol. 1, 
p. 304. 

23“Practical Applications of the Specific Gravity or Moisture 
Flask,” “Journ.” Cnem., Met. and Min. Soc. S. A., Vol. 12, p. 167. 

24”Discussion of Practical Application of the Specific Grav¬ 
ity or Moisture Flask/’ **Journ.” Chem., Met. and Min. Soc. S. A., 
Vol. 12, p. 170. 
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Weight in Grams of One Liter of Wet Pulp 















































































































































































































PULP CONSTANTS, 
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TABLE IV-A. LOGARITHMS OF NUMBER OP CUBIC FEET OF WET PULP TO MAKE ONE TON OP DRY SLIME—Continued 

Specific Gravity of Dry Slime 
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.6113 

1 

.060 

.6131 

_ 1 

.060| 

.6148 

.061 

.6166 

.061 

.6183 

1 

.062 

.6198 

.062 

.6215 

.062 

.6251 

.063 

.8247 

.063 

.6262 

.064 

.6277 

.064 

.6292 

.065 

1.6306 

ll 

.066 




Note—The characteristics of these logarithms are best found by looking at the natural numbers corresponding to them, 
and calculating from the numbers, as in ordinary logarithmic work. They are 3, 2 or 1, and the change is apparent from the 
change in manti.ssa, so that after experience with the table, they can be determined by inspection. 


of service. Another source of error in both glass 
and metal flasks is the coating of lime and slime 
which tends to build up upon the inside of the flask. 
A glass flask can be readily cleaned with acid, while 
a metal flask is not so readily cleaned. 

The ordinary 1000-c.c. flask, as received from 
the dealer, should be calibrated by weighing in it 
exactly 1000 grams of distilled water at 4° C. Mark 
the level of the bottom of the meniscus by means of 
a file on the neck of the flask, and fts has been 
previously mentioned, it is an advantage to cut off 
the neck about ^4 in. above the mark. The flask 
should always be thoroughly cleaned before being 
used. 

Care must be taken in obtaining the sample of 
pulp for this determination to insure that it is truly 
representative of the whole mass in the tank. The 
sample is perhaps best taken as suggested by Calde¬ 
cott^’ by using a vessel having a small opening, so 
that the pulp can be taken at different depths in 
the tank. The pulp should be in violent agitation 
when the sample is taken. Thoroughly mix the 
pulp by stirring before filling the flask. After wip¬ 
ing out the inside of the neck of the flask above the 
pulp with a clean rag or piece of filter paper, weigh 
in grams upon a large pulp balance and deduct the 
weight of the flask. Example: If the net weight 
of 1000 C.C. of the pulp is 1235.6 grams, the specific 
gravity is 1.2356. 


25“Sllme Pulp Formulas,” W. A. Caldecott. Proc. Chem. and 
Met, Soc. S. A., Vol. 2, p. 837. 


The weight of a liter of pulp expressed in grams 
is used in connection with the various tables; but 
if this value is substituted in formulas in which the 
specific gravity of the dry slime and of the solution 
appear, it must be expressed as specific gravity. 

The hydrometer does not ordinarily give satis¬ 
factory results when used for determining the si^- 
cific gravity of slime pulp, but there is a special 
type which we have not had the opportunity of 
investigating, which, with certain modifications, ap¬ 
pears to be capable of giving good results. 

Fill the 1000-c.c. flask (calibrated at 4° C.) with 
clear solution which has been cooled to 4°. Weigh 
the flask in grams and point off three places to give 
specific gravity. Example: If the net weight of 
the solution is 1008 grams, the specific gravity is 
1.008. 

Accuracy of Specific-Gravity Method of Determin¬ 
ing Tonnage 

The accuracy of the specific-gravity method of 
determining tonnage when used over a sufficiently 
long period of time seems to be pretty well estab¬ 
lished. Slight errors in the determinations and cal¬ 
culations are largely compensating when a large 
number of slime charges are involved, for they do 
not occur in the same direction. However, there 
are other errors which apparently are unimportant 
because of the slight effect upon individual charges 
which become of importance when a large number 
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ojf charge are involved, on account of occurring in 
one direction; thus disregard of the specific gravity 
of the solution might in certain cases cause an im¬ 
portant effect upon a year’s tonnage. Stadler** 

26“Practical Applications of the Specific Gravity or Moisture 
Flask,” ”Journ.” Cnem., Met. and Min. Soc. S. A., Vol. 12, p. 168. 

27”The Mill and Metallurgical Practice of the N^isslng 
Mining Co., Ltd., Cobalt. Ont., Canada,” Bull. A. I. M. E., Jan., 
1914, p. 122. 


states that at the Knight Gold Mining Co.’s cyanide 
plant the daily tonnage measurements of the mill 
pulp for several years have been regularly taken 
by the specific-gravity method, which after careful 
investigation was found to give most reliable re¬ 
sults. Johnston^^ states that the tonnage treated 
at the Nipissing low-grade mill, as determined by 
weighing with a Fairbanks registering scale, mak- 


TABLE V. DILUTION—RATIO OF SOLUTION TO DHT SLIME 

P 

64.42 a—64.42 a- 

100 

Formula: - 

P 

64.42 a- 

100 

Specific Gravity of Dry Slime 



Note—This table is calculated taking the specific gravity of the solution as 1. 
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TABLE VI. NUMBER OP CUBIC FEET FOR EACH FOOT OF DEPTH OF CYLINDRICAL TANKS—Cont. 

Diameter, Feet 


32 33 84 85 36 37 38 39 40 41 42 



ing proper allowance for moisture, checks the ton¬ 
nage as determined in the cyanide plant by the 
specific-gravity method within one-eighth of one 
I)er cent., the specific-gravity method giving the 
higher result. 

Use of the Tables 

The specific gravity of the dry slime, the specific 
gravity of the solution and the weight of 1000 c.c. 

miningT^talog 


of the pulp having been determined by the methods 
just described, the necessary data for the use of 
the first five tables are at hand. The specific grav¬ 
ity of the dry slime may be determined accurately 
once and need not be again determined unless there 
is a change in the character of the ore treated; but 
in order to insure that there has been no change of 
consequence it is best to repeat this determination 
occasionally. 
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694 CONSTANTS. 


In most cases, the specific gravity of the solu¬ 
tion will remain more or less constant for some 
time. Frequent determination may be made until 
this point is established. It is necessary to deter¬ 
mine the weight of 1000 c.c. of the pulp for each 
individual slime charge. 

Table 1 gives the percentage by weight of the 
dry slime in pulps weighing from 1010 to 1500 
grams per liter, and in which the specific gravity 
of the dry slime ranges from 2.50 to 3. The per¬ 
centages given are those resulting when the spe¬ 
cific gravity of the solution is taken as 1. In the 
column headed “correction” and adjoining each per¬ 
centage, is given the amount to be deducted from 
the corresponding percentage for each increase of 
0.001 in the specific gravity of the solution. This 
corection multiplied by the number of thousandths, 
expressed as a whole number, by which the specific 
gravity of the solution exceeds 1 and subtracted 
from the percentage given in the table, will give 
the corrected percentage. 

This table is generally useful in all plants where 
wet pulps are handled. It might be mentioned 
that it would be particularly useful in connection 
with the control of classifiers. The following ex¬ 
ample will illustrate the method of using this table; 

Given a slime pulp weighing 1200 grams per 
liter, the specific gravity of the dry slime being 2.60, 
and the specific gravity of the solution 1.006. At 
the intersection of the horizontal column headed 


1200 (weight of one liter of the wet pulp) and the 
vertical column headed 2.60 (specific gravity of 
the dry slime) will be found 27.08, which is the 
percentage of dry slime in the pulp if the specific 
gravity of the solution is 1. In the adjoining col¬ 
umn directly opposite this percentage is found 
0.119, which is the amount to be deducted for each 
increase of 0.001 in the specific gravity of the solu¬ 
tion. Multiplying this value by five produces 0.595; 
this subtracted from 27.08 gives 26.48, the cor¬ 
rected percentage. 

Table la gives the logarithms of the percent¬ 
ages in Table 1. In this table the natural values 
for the correction are given. On account of the 
use of the correction involving subtraction, it is im¬ 
possible to use logarithms in applying it. This 
table will, therefore, be chiefiy useful to those who 
use logarithms in making their computations, but 
who do not desire to apply the correction for the 
specific gravity of the solution. 

Table 2 gives the weight of one cubic foot of 
pulp for pulps weighing from 1010 to 1500 grams 
per liter. Neither the specific gravity of the dry 
slime nor of the solution need be considered in using 
this table. This table is chiefly useful in connec¬ 
tion with calculating the foundations for tanks 
which arc to contain pulp. Table 2a gives the 
logarithms of the values contained in Table 2. 
Curve 2b shows graphically some of the values of 
Table 2. 


TABLE VIb. LOGARITHMS OP THE NUMBER OP CUBIC FEET FOR EACH FOOT OF DEPTH OP CYLINDRICAL TANKS 


Diameter, 


- 1 

1 - 

-- 


1 - i 

1 - 1 

1 - 1 

[— 1 


I -1 

I - 1 

1 - 1 

I - 1 


1 - 1 

1 -1- 


1 -1 


Inches 

10 

11 1 

1 12 1 

IS 1 14 

1 15 

1 16 1 

1 17 1 

1 18 1 

1 19 1 

20 

1 21 1 

1 22 1 

1 23 1 

1 24 1 

25 

1 26 1 

1 27 1 28 

29 

1 30 1 

31 


0 








RSET 








KmO 


rQET 

■ml 

KiLn 


Kiiiil 


.8987 

.9811 

.0565 

.1255 

.1898 

.2497 

.3056 

.3581 

.4076 

.4544 

.4990 

.5412 


Kwiti 

.6570 

.6924 

.7264 

.7591 

.7907 

.8211 

.8505 

.8790 

1 

.9023 

.9844 

.0596 

.1284 

.1926 

.2521 

.3079 

.3602 

.4096 

.4564 


■iyo 

.5832 

.6217 

.6585 

.6939 

.7278 

.7605 

.7920 

.8224 

.8517 

.8801 

IV^ 

.9058 

.9877 

.0626 

.1313 

.1951 

.2545 

.3101 

.3623 

.4116 

.4582 

.5026 

.5447 

.5848 

.6232 

.6600 

.6953 

.7292 

.7618 

.7932 

.8236 

.8529 

.8813 

2 

.9094 

.9909 

.0656 

.1342 

.1976 

.2570 


BrifH 

.4136 

.4601 

.5043 

.5464 

.5865 

WTv- [ j 

.6615 

.6967 

.7306 

.7631 

.7946 

.8248 

.8541 

.8825 


EiEQ 

.9941 

.0686 

.1367 

.2000 

.2594 

.3145 

.3666 

.4156 

.4619 

.5061 

.5481 

.5880 

j 

.6630 

.6981 

.7320 

.7645 

.7958 

.8261 

.8553 

.8836 

3 

.9166 

.9974 

.0715 

.1396 

.2028 

.2617 


BILD 

.4176 

.4639 

■MlO 




.6645 

.6996 

.7334 

.7658 

.7971 

.8274 

.8565 

.8848 

3^ 

.9201 

.0004 

.0745 

.1421 

.2052 

.2641 

.3189 

.3707 

.4196 

.4658 

.5097 

.5514 

.5913 

KF ! n 

.6660 

.7010 

.7347 

.7672 

.7984 

.8286 

.8578 

.8859 

4 

.9236 

.0039 

.0774 

.1449 

.2079 

.2665 

.3212 

.3729 

.4216 

.4678 

.5115 

.5532 

.5930 

.6310 

.6675 

.7025 

.7361 

.7685 

.7997 

.8298 

.8590 

.8871 

4^ 

.9271 

.0069 

.0803 

.1477 

.2103 

.2688 

.3235 

.3749 

.4236 

.4695 

.5132 

.5549 

.5946 

.6326 

.6689 

.7039 

.7374 

.7698 

.8009 

.8310 


.8882 

5 

.9305 

.0103 

.0831 

.1504 

.2127 

.2711 

.3257 

.3769 

.4255 

.4714 

.5151 

.5565 

.5963 

.6342 

f ;Miii 


.7389 

.7711 

.8022 

.8323 

.8613 

.8894 

6^ 

.9340 

.0133 

.0860 

.1529 

.2151 

.2735 

.3278 

.3789 

.4275 

.4732 

.5168 


Hmj 

.6357 

.6719 

.7067 

.7402 

.7725 

.8035 

.8335 

.8625 

.8905 

6 

.9375 

.0166 

.0888 

.1556 

.2177 

.2758 

.3300 

.3811 

.4294 

.4751 

.5186 

.5600 

.5994 

.6372 

KMJ 

Wtti\Y.¥A 

.7415 

.7738 

.8048 

.8347 

.8637 

.8917 

6^ 

.9409 

.0195 

.0917 

.1584 

.2201 

.2781 

.3322 

.3831 

.4314 

.4770 

.5204 

.5617 

.6011 

.6387 

.6749 

.7095 

.7429 

.7751 


.8359 

.8649 

.8928 

7 

.9443 

.0228 

.0948 

.1611 

.2227 

.2804 

.3345 


.4333 

.4789 


.5634 

.6027 

.6403 

.6763 

.7110 

.7443 

.7764 


.8372 

.8661 

.8940 

7% 

.9477 

.0257 

.0976 

.1638 

.2251 

.2826 

.3367 

.3872 

.4352 

.4807 


HiiMu 



.6778 

.7124 

.7456 

.7777 


.8384 

.8672 

.8951 

8 

.9511 

.0290 

.1004 

.1664 

.2276 

.2851 

.3389 


.4373 

.4826 

.5257 

.5667 

KiiMi 


.6793 

.7138 

Biuy 

.7790 

.8098 

.8396 

.8684 

.8963 

8^ 

.9545 

.0318 

.1031 

.1691 

.2302 

.2874 

.3410 

.3913 

.4392 

.4844 

.5274 

.5683 

.6075 

.6448 

.6808 

.7153 

.7483 

.7803 

.8111 


.8696 

.8974 

0 

.9579 

.0350 

.1062 

.1717 

.2327 

.2896 

.3432 

Km] 

.4411 

.4863 

.5292 

.5700 

.6091 

KUU 


.7167 

.7497 

.7816 

.8124 

t:tWil 

BiiiLj 

.8986 

9^ 

.9613 

.0382 

.1089 

.1744 

.2350 

.2918 

.3454 

.3955 

.4429 

.4880 

.5308 

.5716 

.6107 

.6479 

.6837 

.7180 


.7829 

.8136 

.8432 

.8719 

.8997 

10 

.9646 

.0414 

.1119 

.1770 

.2375 

.2942 

.3475 

.3976 

.4450 

.4898 

.5326 

.5733 

.6123 

.6494 

.6852 

.7194 

.7524 

.7842 

.8148 

.8445 

.8731 

.9009 

10^4 


.0441 

.1146 

.1796 

.2400 

.2964 

.3497 

.3995 

.4468 

.4916 

.5343 

.5750 

.6138 

.6510 



.7537 

.7855 

.8161 

.8457 

.8743 

.9020 

11 1 

.9713 

.0473 

.1173 

.1821 

.2425 

.2989 

.3518 

.4016 

.4487 

.4935 

.5361 

.5767 

.6154 

.6525 

.6881 

.7222 

.7551 

.7868 

.8174 

.8469 

.8755 

.9031 

11V4 

.9746 

.0504 

.1199 

.1847 

.2448 

.3010 










.7236 

.7565 

.7881 

.8186 

.8481 

.8766 

.9042 


Diameter, 

-1 

1-1 


—r 

1 




1—i 


i -1 

1—1 

1 —r 

—1 

1 —1 

1—1 

1-1 

1—1 

1—1 

1—i 

1—1 



Inches 

32 1 

1 83 1 

34 

35 1 

36 1 

37 

38 

39 

1 « 1 

41 

1 42 

1 43 1 

1 44 1 

45 1 

1 46 1 

1 47 1 

1 48 1 

1 49 1 

1 50 1 

1 51 1 

1 52 1 

53 

54 


0 

.9054 

.9321 

.9580 

.9832 

.0077 

.0314 

.0546 

.0774 

.0993 

.1206 

.14141 

.1620 

.18211 

.2014 

.2206 

.2393 

.2577 

.2755 

.2929 

.3103 

.3272 

.3436 

.3598 

% 

.9065 

.9332 

.9591 

.9843 

.0086 

.0322 

.0554 

.0781 

.1000 

.1216 

.1424 

. 1629 

. 1827 

.2022 

.2214 

.2400 

.2584 

.2762 

.2936 

.3109 

.3278 

.3442 

.3604 

1 

.9076 

.9343 

.9602 

.9853 

.0099 

.0334 

.0565 

.0792 

.1011 

.1225 

.1433 

.1638 

.1836 

.2030 

.2222 

.2408 

.2591 

.2769 

.2945 

.3118 

.3286 

.3450 

.3618 


.9088 

.9354 

.9612 

.9863 

.0107 

.0342 

.0573 

.0799 

.1017 

.1232 

.1440 

.1644 

.1844 

.2038 

.2230 

.2415 

.2598 

.2776 

.2951 

.3124 

.3292 

.3456 

.3617 

2 

.9099 

.9365 

.9623 

.9874 

.0116 

.0354 

.0584 

.0810 

.1028 

.1242 

.1449 

.1652 

.1853 

.2047 

.2238 

.2423 

.2605 

.2785 

.2960 

.3130 

.3298 

.3464 

.3625 

2^ 

.9110 

.9376 

.9633 

.9884 

.0124 

.0362 

.0592 

.0817 

.1035 

.1248 

.1458 

.1661 

.1861 

.2055 

.2245 

.2430 

.2613 

.2792 

.2967 

.3137 

.3304 

.3469 

.3630 

3 

.9122 

.9387 

.9644 

.9894 

.0137 

.0374 

.0603 

.0828 

.1045 

.1258 

.1467 

.1670 

.1870 

.2063 

.2253 

.2438 

.2620 

.2799 

.2973 

.3145 

.3312 

.3477 

.3638 

3% 

.9133 

.9398 

.9654 

.99041 

.0145 

.0382 

.0611 

.0835 

.1055 

.1268 

.1477 

.1679 

.1878 

.2071 

.2261 

.2445 

.2627 

.2806 

.2980 

.3151 

.3318 

.3483 

.3646 

4 

.9144 

.9409 

.9665 

.9914] 

.0158 

.0394 

.0622 

.0846 

.1065 

.1278 

.1486 

.1688 

.1886 

.2079 

.2269 

.2455 

.2636 

.2813 

.2989 

.3160 

.3326 

.3491 

.3653 

41/2 

.9155 

.9419 

.9675 

.9925 

.0166! 

.0402 

.0630 

.0853 

.1072 

.1284 

.1492 

.1694 

.1892 

.2087 

.2276 

.2463 

.2643 

.2819 

.2995 

.3166 

.3332 

.3497 

.3659 

5 

.9166 

.9430 

.9686] 

.9935 

.0179 

.0414 

.0641 

.0864 

.1082 

.1294 

.1501 

.1703 

.1901 

.2095 

.2284 

.2470 

.2651 

.2828 

.3002 

.3172 

.3341 

.3504 

.3666 

5% 

.9177 

.9441 

.9696 

.9945 

.0187 

.0422 

.0648 

.0871 

.1089 

.1303 

.1511 

.1711 

.1909 

.2103 

.2292 

.24771 

.2658 

.2835 

.3008 

.3179 

.3347 

.3510 

.3672 

6 

.9189 

.9452 

.9707 

.9955 

.0195 

.0430 

.0660 

.0881 

.1099 

.1313 

.1520 

.1720 

.1917 

.2111 

.2299 

.24851 

.2665 

.2842 

.3017 

.3187 

.3355 

.3518 

.3679 

6^ 

.9200 

.9463 

.9717 

.9966 

.0204 

.0438 

.0667 

.0892 

.1109 

.1319 

.1526 

.1729 

.1926 

.2119 

.2307 

.2492 

.2672 

.2849 

.3023 

.3193 

.3361 

.3524 

.3685 

7 

.9211 

.9473 

.9728 

.9976 

.0216 

.0449 

.0678 

.0903 

.1119 

.1329 

.1535 

.1738 

.1934 

.2127 

.2315 

.2499 

.2681 

.2858 

.3032 

.3201 

.3369 

.3531 

.3698 

7^ 

.9222 

.9484 

.9739 

.9986 

.0224 

.0457 

.0686 

.0910 

.1126 

.1339 

.1544 

.1746 

.1942 

.2135 

.2322 

.2507 

.2688 

.2865 

.3038 

.3208 

.3375 

.3537 

.3698 

8 

. 9233 

.9495 

.9749 

.9996 

.0237| 

.0469 

.0697 

.0920 

.1136 

.1348 

. 1553 

.1755 

.1951 

.2143 

.2330 

.2516 

.2695 

.2871 

.3045 

.3216 

.3383 

.3545 

.3705 

8V& 

.9244 

.9506 

.9759 

.0004 

.024.5' 

.0477 

.0704 

.0927 

.1143 

.1355 

.1559 

.1761 

.1959 

.2151 

.2338 

.2524 

.2702 

.2878 

.3051 

.3222 

.3389 

.3551 

.3713 

9 

. 9255 

.9516 

.9770 

.0017 

.0257 

.0488 

.0715 

.0938 

.1153 

1.1364 

1 . 1569 

.1770 

.1967 

.2159 

.2348 

.2531 

.2711 

.2887 

.3060 

.3228 

.3395 

.3558 

.3718 

9% 

.9266 

.9527 

.9780 

.0026 

.02»;5 

.0496 

.0722 

.0945 

.1163 

.1370 

.1578 

.1778 

.1976 

.2167 

.2355 

.2538 

.2718 

.2894 

.3066 

.3235 

.3400 

.3566 

.3724 

10 

.9277 

.9538 

.9791 

.0035 

.0278 

.0508 

.0734 

i.0955 

.1173 

.1380 

.1587 

. 1787 

.1984 

.2175 

.2363 

.2545 

.2725 

.2900 

.3073 

.3243 

.3408 

.3572 

.3731 

10^ 

.9288 

.9548 

.9801 

.0043 

.0286 

.0515 

.0741 

.0962 

.1179 

.1389 

.1596 

.1796 

.1992 

.2183 

.2370 

.2553 

.2732 

.2907 

.3079 

.3249 

.3414 

.3577 

.3738 

11 

.9299 

.9559 

.9811 

.0056 

.0294 

.0527 

1.0752 

1.0973 

.1189 

.1399 

.16051 

!.1804 

.2000 

.2191 

.2378 

.2560 

.2739 

.2916 

.3088 

.3257 

.3422 

.3585 

.3746 

IIH 

.9310 

.9570 

.9822 

.0005 

.0302 

.0535 

.0763 

.0983 

.1196 

.1405 

.1614| 

|.1813 

.2006 

.2198 

.2385 

.2567 

.27461 

.2923 

.3094 

.3263 

.3428 

.3591 

.3751 
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PULP CONSTANTS. 




m. 


TABLE VIb. LOGARITHMS OF THE NUMBER OF CUBIC FEET FOR EACH FOOT OF DEPTH OP CYLINDRICAL TANKS— 

Continued 


Diameter, 

Incbef 

58 

56 

57 

58 

59 

60 



63 



66 

67 

68 

69 

TO 

nn 

72 

73 



76 

0 





.4368 

.4513 

Rnin 


.4937 



.5342 



IBBl! 

.5852 

.5976 

.6098 

.6217 

.6336 

tttI 

.6567 

% 

.3764 

.3920 

.4074 

.4226 

.4374 

.4519 

.4663 

.4804 

.4943 

.5080 

.5214 

.5347 

iCTri 

.5606 

.5732 

.5858 

.5980 

.6102 

.6222 

.6341 

.6457 

.6572 

1 

.3771 

.3927 

.4081 


.4381 

.4526 

.4669 

.4810 

.4949 

.5085 

.5221 

.5353 

.5483 

.5612 

.5738 

.5864 

.5986 

.6108 

.6227 

.6346 

.6462 

.6576 


.3777 

.3934 

.4087 

.4237 

.4385 

.4532 

.4675 

.4816 

.4954 

.5091 

.5226 

.5358 

.5488 

.5617 

.5743 

.5868 

.5991 

.6112 

.6232 

.6350 

.6467 

.6581 

2 ’ 

.3784 

.3941 

.4094 

.4244 

.4392 

.4538 

.4681 

.4822 

.4961 

.5097 

.5231 

.5363 

.5494 

.5623 

.5748 

.5874 

.5097 

.6117 

..6238 

.6355 


.6586 

2V4 

.3789 

.3946 

.4099 

.4250 

.4398 

.4544 

.4686 

.4827 

.4967 

.5103 

.5236 

.5368 

.5499 

.5628 

.5753 

.5878 

.6001 

.6123 

.6242 

.6360 

BfryTi 

.6591 

3 

.3797 

.3953 

.4106 

.4257 

.4404 

.4550 

.4692 

.4833 

.4972 

.5108 

.5243 

.5374 



.5759 

.5884 



.6247 

.6365 

.6481 

.6596 

3H 

.3804 

.3959 

.4113 

.4263 

.4411 

.4556 

.4698 

.4339 

.4978 

.5113 

.5248 

.5379 

.5510 

.5637 

.5763 

.5888 

Klilll 

.6132 

.6252 

.6370 

.6486 

.6600 

4 

.3811 

.3965 


.4270 

.4417 

.4562 

.4704 

.4846 

.4983 

.5120 

.5253 

.5386 

.5516 

.5643 

.5769 

.5894 

.6016 

.6137 

.6257 

.6375 

.6490 

.6606 


.3817 

.3972 

.4125 

.4275 

.4423 

.4568 

.4710 

.4852 

.4989 

.5126 

.5258 

.5391 

.5521 

.5648 

.5775 

.5898 

.6022 

.6143 

.6261 

.6379 

.6495 

.6610 

5 

.3824 

.3979 

.4181 

.4281 

.4429 

.4574 

.4717 

.4857 

.4995 

.5131 

.5265 

.5397 

.5527 

.5654 

.5781 

.5904 

.6027 

.6148 

.6266 

.6384 

.6500 

.6614 

5V4 

.3829 

.3985 

.4138 

.4288 

.4436 

.4580 

.4723 

.4863 


.5136 

.5270 



.5658 

.5785 

.5910 

.6031 

.6152 

.6272 

.6389 

.6505 

.6619 

6 

.3836 

.3992 

.4145 

.4294 

.4442 

.4586 

.4729 

.4869 

.5006 

.5141 

.5276 

.5407 

.5536 

.5664 

.5791 

.5915 

.6037 

.6157 

.6277 

.6394 

.6510 

.6624 

6^ 

.3842 

.3998 

RTee 

.4299 

.4447 

.4592 

.4735 

.4874 

.5012 

.5147 

.5281 

.5412 

.5541 

.5669 

.5796 

.5920 

.6042 

.6163 

.6282 

.6399 

.6515 

.6629 

7 

.8849 

.4005 

.4156 

.4306 

.4453 

.4598 

.4741 

.4880 


.5153 

.5287 

.5418 

.5547 

.5675 

.5801 

.5925 

.6048 

.6168 

.6287 

.6404 

.6520 

.6633 

7^ 

.8856 

.4011 

.4163 

.4312 

.4459 

.4604 

.4747 

.4886 


.5159 

.5292 

.5423 

■l.liliW 

■iitiLIil 

.5806 

.5930 

.6052 

.6172 

.6291 

.6409 

.6524 

.6638 

8 

.3863 

.4017 

■CSUij 

.4318 

.4465 

.4610 

.4752 

.4891 


.5164 

.5298 

.5429 

.5558 

.5686 

.5812 

.5935 

.6057 

.6177 

.6296 

.6414 

.6529 

.6643 

8^ 

.3869 

.4023 

.4175 

.4826 

.4472 

.4616 

.4758 

.4897 

.5035 

.5169 

.5303 

.5434 

.5563 

.5690 

.5816 

.5940 

.6062 

.6183 

.6301 

.6418 

.6534 

.6647 

9 

.3876 

.4029 

.4181 

.4331 

.4478 

.4622 

.4764 

.4904 

.5041 

.5176 

.5308 

.5439 

.5569 

.5696 

.5822 

.5945 

.6067 

.6188 

.6306 

.6423 

.6539 

.6662 


.3881 

.4036 

.4188 

.4388 

.4484 

.4628 

WvtE 

.4909 

.5046 

.5181 

.5314 

.5444 

.5574 

.5701 

.5826 

.5951 

.6072 

.6193 

.6310 

.6428 

.6544 

.6657 

10 

.3888 

.4048 

.4195 

.4344 

.4490 

.4634 

.4776 

.4915 

.5051 

.5186 

.5320 

.5451 



.5832 

.5956 

.6078 

.6197 

.6315 

.6433 

.6549 

.6661 

lOH 

.3895 

.4048 


.4349 

.4496 

.4639 

.4781 

.4921 

.5057 

.5192 

.5325 




.5837 

.5960 

.6082 

.6202 

.6321 

.6437 

.6553 

.6666 

11 

.39021 

.4055 

.4206 

.4356 

.4502 

.4645 

.4787 

.4926 

.5064 

.5196 

■ 2 ^ 




KlIE 

.5966 

.6087 

.6208 

.6326 

.6442 

.6558 

.6672 

im 


.4062 

.4213 

.4362 


.4651 

.4793 

.4932 

.5069 

.5204 

.5336 

.5467 

.5595 


.5847 

.5970 

.6093 

.6212 

.6331 

.6447 

.6562 

.6676 


Diameter, 

— 

■■ 

■■ 


■■ 



■■ 

■■ 

■■ 

■■ 




■■ 



— 



— 



loebei 

77 

13 

13 

13 

13 

82 

13 

El 

13 

13 

13 

88 

H 

13 

13 

13 

■3 

94 

95 

96 

97 

98 

99 

0 

Rifn 




UTOT 




itTPn 

SB& 

HTTH 

KEffl 

WTff! 


IHff! 



kSEi 


IHTlil 


.8775 

.8864 


.6686 



laZiiH 

.7125 

.7231 

.7337 

.7441 

Hitt! 

it fit 111 

.7745 

.7845 

.7943 

.8040 

.8136 

.8231 

.8324 

.8417 

.8509 

.8600 

.8690 

.8779 

.8867 

1 

.6690 

.6802 

.6913 

.7022 

.7180 

^236 

.7341 

.7445 

.7548 

.7649 

.7750 

.7849 

.7947 

.8044 

.8140 

.8235 

.8328 

.8421 

.8513 

.8604 

.8694 

.8783 

.8871 

1% 

.6695 

.6807 

.6917 

.7026 

.7184 

.7240 

.7345 

.7449 

.7552 

.7653 

.7753 

.7853 

.7950 

.8048 

.8144 

.8239 

.8332 

.8425 

.8517 

.8608 

.8698 

.8786 

.8874 

2 

.6700 

.6812 

.6921 

,7031 

.7138 

.7245 

.7350 

.7454 

.7556 

.7657 

.7758 

.7857 

.7955 

.8052 

.8148 

.8243 

.8336 

.8429 

.8520 

.8611 

.8701 

.8790 

.8878 

2% 

.6704 

.6816 

.6926 

.7035 

.7142 

.7249 

.7354 

.7458 

.7560 

.7662 

.7762 

.7861 

.7959 

.8056 

.8152 

.8247 

.8340 

.8432 

.8524 

.8615 

.8705 

.8794 

.8882 

3 

.6709 

.6821 

.6931 

.7040 

.7147 

.7253 

.7358 

.7462 

.7565 

.7666 

.7766 

.7865 

.7963 

.8060 

.8156 

.8250 

.8344 

.8437 

.8528 

.8619 

.8709 

.8797 

.8886 

344 

.6714 

.6825 

.6936 

.7044 

.7152 

.7257 

.7362 

.7486 

.7569 

.7670 

.7770 

.7869 

.7967 

.8064 

.8160 

.8254 

.8347 

.8440 

.8532 

.8623 

.8712 

.8801 

i8889 

4 

.6718 

.6830 

.6940 

.7049 

.7156 

.7262 

.7367 

.7471 

.7573 

.7675 

.7774 

.7873 

.7971 

.8068 

.8164 

.8258 

.8352 

.8444 

.8536 

.8627 

.8716 

.8805 

.8898 



.6834 

.6944 

.7054 

.7160 

.7266 

.7371 

.7475 

.7577 

.7678 

.7779 

.7877 

.7975 

.8072 

.8168 

.8262 

.8356 

.8448 

.9539 

.8630 

.8720 

.8808 

.8896 




RitMU 

.7058 

.7165 

.7271 

.7376 

.7480 

.7582 

.7683 

.7783 

.7882 

.7980 

.8076 

.8172 

.8266 

.8359 

.8452 

.8544 

.8634 

.8723 

.8812 

.8900 




.6954 

.7062 

.7169 

.7275 

.7380 

.7483 

.7585 

.7687 

.7787 

.7885 

.7983 

.8080 

.8176 

.8270 

.8363 

.8455 

.8547 

.8637 

.8727 

.8816 

.8904 

^BftB 


.6848 

.6958 

.7067 

.7174 

.7280 

.7385 

.7488 

.7590 

.7692 

.7791 

.7889 

.7987 

.8084 

.8180 

.8274 

.8367 

.8460 

.8551 

.8642 

.8731 

.8820 

.8908 


ItTf I 

.6853 

.6963 

.7071 

.7178 

.7284 

.7389 

.7492 

.7594 

.7695 

.7795 

.7894 

.7991 

.8088 

.8184 

.8278 

.8371 

.8463 

.8555 

.8645 

.8734 

.8823 

.8911 

7 

.6746 

.6857 

.6967 

.7076 

.7183 

.7288 

.7393 

.7497 

.7599 

.7700 

.7800 

.7898 

.7995 

.8092 

.8188 

.8281 

.8375 

.8467 

.8559 

.8649 

.8738 

.8827 

.8918 

7H 

.6750 

.6862 

.6971 

.7080 

.7187 

.7292 

.7397 

.7501 

.7603 

.7703 

.7803 

.7902 

.8000 

.8096 

.8192 

.8285 

.8378 

.8471 

.8562 

.8652 

.8742 

.8830 

.8918 

8 

.6756 

.6866 

.6977 

.7085 

.7192 

.7297 

.7402 

.7505 

.7607 

.7708 

.7807 

.7906 

.8004 

.8100 

.8195 

.8289 

.8383 

.8475 

.8566 

.8656 

.8746 

.8834 

.8928 

8^ 

.6761 

KMij 


.7089 

.7196 


.7406 

.7509 

.7611 

.7712 

.7812 

■OE 

■fflTlM 

.8104 

.8199 

.8293 

.8387 

.8479 

.8570 

.8660 

.8749 

.8838 

.8926 

9 

.6765 

.6876 

.6985 

.7094 

.7201 

.7306 

.7411 

.7514 

.7616 

.7717 

.7816 

.7914 


.8108 


.8297 

.8390 

.8482 

.8574 

.8664 

.8754 

.8842 

.8920 

9^ 

.6770 

.6881 

.6990 

.7098 

.7205 

.7310 

.7415 

.7517 

.7619 

.7720 

.7820 

.7918 

.8015 

.8112 


.8301 

.8394 

.8486 

.8578 

.8668 

.8757 

.8845 

.8933 

10 

.6774 

.6885 

.6995 

.7103 

.7210 

.7315 

.7419 

.7522 

.7624 

.7725 

.7824 

.7923 

.8020 

.8116 

.8211 

.8305 

.8398 

.8490 

.8581 

.8671 

.8760 

.8849 

.8937 

1044 

.6779 

.6890 

.6999 

.7107 

.7214 

.7319 

.7423 

.7526 

.7628 

.7728 

.7828 

.7926 

EM] 


.8215 

.8309 

.8402 

.8494 

.8585 

.8675 

.8764 

.8852 

.8940 

11 

.6783 

.6894 

.7004 

.7111 

.7218 

.7324 

.7428 

.7530 

.7633 

.7733 

.7833 

.7930 

.8028 

.8124 

.8219 

.8313 

.8405 

.8498 

.8589 

.8679 

.8768 

.8856 

.8944 

11 % 

.6788 

.6898 

.7008 

.7116 

.7222 

.7328 

.7432 

.7535 

.7637 

.7737 

.7836 

.7934 

.8032 

.8128 

.8223 

.8317 

.8409 

.8502 

.8593 

.8682 

.8771 

.8860 

.8947 

.8951 


Note—The characteristics of the logarithms in the above table are best determined by looking up the*natural number to which 
they refer, and calculating as is done with ordinary logarithms. These characteristics may be 3, 2 or 1. The change in the 
characteristic can always be told by Inspection through the change in the mantissa so that with experience, the characteristic 
can be immediately deduced from the part of the table in which the logarithm occurs. 


Table 3 gives the pounds of dry slime in one 
cubic foot of pulp for pulps weighing from 1010 to 
1500 grams perliter, and in which the specific grav¬ 
ity of the dry slime ranges from 2.50 to 3. The 
correction for the specific gravity of the solution is 
applied in the same manner as in Table 1. 

Table 3a gives the logarithms of the values 
given in Table 3. Natural values are given for the 
corrections for the reason explained in connection 
with Table la. 

Table 4 gives the number of cubic feet of pulp 
to make one ton of dry slime for pulps weighing 
from 1010 to 1500 grams per liter, and for specific 
gravities of dry slime from 2.5 to 3. By reference 
to the formula from which the values in this table 
are derived, it will be seen that the correction for 
the specific gravity of the solution should be added 
to the values given in the table instead of being 
subtracted as in Tables 1 and 3. 

Table 4a gives the logarithms of the values 
given in Table 4. Natural values are given for the 
correction for the same reason as in Table 1. 

Table 5 gives the dilution (ratio of solution to 
dry slime) for pulps weighing from 1010 to 1500 
grams per liter, and for specific gravities of dry 
slime from 2.5 to 3. This table is useful in plants 
where a record is kept of the dilution of each 
charge. 


MINING CATALOG 


Table 6 gives the number of cubic feet per foot 
of depth of circular tanks from 10 to 100 ft. in di¬ 
ameter by steps of one-half inch. Each vertical 
column in the table is headed by a diameter, given 
in even feet, which increases by steps by one foot- 
toward the right of the table. Directly beneath 
each diameter is given the number of cubic feet of 
capacity per foot of depth for a circular tank of this 
particular diameter. Reading downward in the 
table, capacities in cubic feet per foot of depth are 
given for each increase of in. in diameter. Cubic 
feet of capacity for one foot of depth, multiplied by 
the depth of the pulp in the tank, will give the 
number of cubic feet of content. 

Measurements and Example of Use of Tables 

Sharwood^® calls attention to the variations 
which may exist in the diameter of wooden tanks. 
Differences of 6 in. or over may be found in tanks 
over 25 ft. in diameter, due to imperfect construc¬ 
tion, unequal settling or unequal shrinkage of the 
staves. In order that an accurate diameter be ob¬ 
tained, it is necessary to make a number of meas¬ 
urements at different depths and preferably at 
equal angles and take the average of results thus 
obtained as being the true diameter. The diam- 

2 s‘*Measurement of Pulp and Tailing.” “Min. Mag.,” Vol. 1, 
p. 228. 
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000 HYDROMETALLURGICAL DATA. 


eters of steel tanks are also subject to variations 
due to poor construction and unequal settling, 
therefore the same directions should be observed as 
in the case of wooden tanks. Care must also be 
exercised in ascertaining the average depth of the 
pulp. A deduction must be made for the number of 
cubic feet occupied by various devices submerged in 
the tank, such as agitating gear, decanting 
pipes, etc. 

The following example will illustrate the use of 
Table 4 in connection with Table 6 in calculating the 
number of tons of dry ^lime in a charge of pulp 
10 ft. in depth, contained in a tank 30 ft. 6 in. di¬ 
ameter. Given: The specific gravity of the dry 
slime 2.66; the weight of one liter of pulp 1150 
grams; the specific gravity of solution 1.005. Re¬ 
quired: The number of tons of dry slime in the 
charge. In Table 4, at the intersection of the ver¬ 
tical column headed 2.66 and the horizontal column 
headed 1150, is found 133.3, the number of cubic 
feet of pulp to make one ton of dry slime when the 
specific gravity of the solution is 1. In the adjoin¬ 
ing column opposite 133.3 is found 0.87, the number 
of cubic feet to be added to 133.3 for each increase 
of 0.001 in the specific gravity of the solution; 0.87 
X 6 = 4.35 (total correction 133.3 4.35 = 137.65 

cu. ft. of the pulp specified necessary to make one 
ton of dry slime. In Table 6 at the intersection 
of the vertical column headed 30 ft. and the hori¬ 
zontal column headed 6 in., is found 730.6, the 
number of cubic feet per foot of depth for a tank 
30 ft. 6 in. in diameter; 730.6 x 10 = 7306, appar¬ 
ent total cubic feet of pulp in the tank. Suppose 
5.5 cu. ft. are occupied in the tank by various de¬ 
vices below the pulp level; 7306 — 5.5 = 7300.5, 
actual cubic feet of pulp in the tank; 7300.5 -4- 
137.03 = 53.03, the number of tons of dry slime in 
the charge. In order to show the effect of not 
taking the specific gravity of the solution into ac¬ 
count, we have calculated the number of tons of 
dry slime in the above charge, taking the specific 


SOI.VBZI.ITT or AZB ZB WATBB 

1000 c.c. of water saturated with air at 760 m.m. pressure 
contain the following: volumes of dissolved gas (calculated to 
0“ C. and 760 m.m.) 



Temperature of Water 

1 0“ 1 

5" 1 10* 1 

1 15* 

|20* 1 

126» 1 

1 80* 

Oxygen, c.c. 

10.19 

8.9 

7.9 

7.0 

6.4 

5.8 

5.3 

Nitrogen, etc. 

19.0 

16.8 

16.0 

13.5 

12.3 

11.3 

10.4 

Sum of above, c.c. 

29.2 

25.7 

22.8 

20.5 

18.7 

17.1 

15.7 

Per cent, oxygen in dis¬ 




1 




solved air (by volume)....! 

34.9 

34.7 

34.5 

34.2 

34.0 

33.8 

33.6 


Kaye & Laby’s “Chemical & Physical Constants." 


1 ton 

1 acre foot 
1 gallon 

1 gallon per min. 

1 cu. ft. 

1 miner's inch 
1 Litre 

1 lb. pressure 
1 ft. hear 


WATER 

= 239.665 gallons •= 32.038 cu. ft. 

= 325.850 gallons = 43.560 cu. ft. 

= 231 cu. in. - 8.345 lbs. = 0.1337 cu. ft. 

= 1,440 gallons or 192.5 cu. ft. or 6 tons per 
24 hours. 

= 7.48 gallons = 62.425 lbs. = 28.3153 Kilos. 
= 1^ cu. ft. approximately. 

= 2.2046 pounds = 61.027 cu. in. = 1.0567 
quart.s. 

= column of water 2.304 ft. high. 

= .434 lbs. pressure. 


gravity of the solution as 1, and find it to be 54.76, 
a difference of 1.73 tons. 

Curves lb, 3b, 4b and 5b illustrate how the op¬ 
erator may use the data contained in any of the 
tables for plotting large-scale curves covering the 
particular work which he may have in hand. 

Curve lb shows graphically a few of the values 
given in Table 1. When the specific gravities of the 
dry slime and solution are constant, or nearly so, 
a single curve may be plotted, but when there is 
considerable variation in these factors, the uncor¬ 
rected percentages for all specific gravities of dry 
slime and any particular weight of one liter of pulp 
may be indicated by heavy lines. Directly beneath 
each heavy line should be light lines giving the cor¬ 
rected percentag^es for pulps covering the range of 
the specific gravities of the solutions used. In using 
this curve, follow the vertical line representing the 
specific gravity of the dry slime to the point where 
it intersects the double line representing the weight 
of one liter of the pulp, drop below to the single line 
or intermediate point representing the specific ^av- 
ity of the solution, then follow horizontally, either 
to the right or left, and read corrected percentage. 

Curve 3b shows graphically a few of the values 
given in Table 3. The plotting and method of using 
this curve is the same as Curve lb. 

Curve 4b shows graphically some of the values 
given in Table 4. This curve is plotted similarly to 
Curves lb and 3b, except that the single lines, rep¬ 
resenting the corrected number of cubic feet of 
pulp, are in this case located above the heavy lines, 
since the correction is added instead of subtracted 
as in Curves lb and 3b. 

We are indebted to Prof. L. M. Hoskins of the 
Department of Applied Mathematics and to Prof. 
Fernando Sanford of the Department of Physics 
of Stanford University for several valuable sugg^M- 
tions in connection with this work. We also wish 
to acknowledge the faithful and painstaking work 
of E. P. Ely and G. W. Hawley in connection with 
the making of certain of the routine calculations. 


AZB PBBSSnBB TO OPEBATB Z0T8 


Lift, 

Feet 

Sub¬ 

merg¬ 

ence, 

Feet 

Theoretical gage pressure in lbs. per sq. 
in. to elevate fluid of specific gravity. 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

5 

7.5 

3.2 

3.6 

3.9 

4.2 

4.5 

4.9 

10 

15.0 

6.5 

7.1 

7.8 

8.4 

9.1 

9.7 

15 

22.5 

9.7 

10.7 

11.6 

12.6 

13.6 

14.5 

20 

30.0 

13.0 

14.3 

15.6 

16.9 

18.2 

19.5 

25 

37.5 

16.2 

17.8 

19.4 

21.0 

22.7 

24.3 

30 

45.0 

19.5 

21.4 

23.4 

25.3 

27.3 

29.2 

35 

52.5 

22.7 

25.0 

27.2 

29.5 

31.8 

34.0 

40 

60.0 

26.0 

28.6 

31.2 

38.8 

36.4 

39.0 

45 

67.5 

29.2 

32.1 

35.0 

38.0 

40.9 

43.8 

50 

75.0 

32.5 

35.7 

39.0 

42.2 

45.5 

48.7 

5 1 

10.0 

4.3 

4.7 

5.2 

5.6 

6.0 

6.5 

10 

20.0 

8.7 

9.6 

10.4 

11.3 

12.2 

13.0 

• 15 

30.0 

13.0 

14.3 

15.6 

16.9 

18.2 

19.5 

20 

40.0 

17.3 

19.0 

20.8 

22.5 

24.2 

25.9 

25 

50.0 

21.6 

23.8 1 

25.9 

28.1 

30.2 

32.4 

30 

60.0 

26.0 

28.6 

31.2 

33.8 

36.4 

39.0 

35 

70,0 1 

30.3 

33.3 1 

36.4 

39.4 1 

42.4 

45.4 

40 

80.0 

34.6 

38,0 

41.5 

46.0 

48.4 

51.9 

45 

90.0 

39.0 

42.9 1 

46.8 

50.7 

54.6 

58.5 

50 

100.0 

43.3 

47.6 

52.0 

56.3 

60.6 

64.9 


An Increase in pressure of from 10 to 20% over the flgrures 
given will be necessary in practice. 

A. W. Allen in Eng. & Min. Journal. 


A cubic foot of water contains 7% gallons and weighs 62% pounds. 

A miner’s inch of water is equal to nine gallons per minute. 

A cubic foot per second is equal to 50 miner’s Inches, or 450 gallons per minute. 

A gallon of fresh water weighs 8.34 lbs., and contains 231 cubic inches. 

A cubic foot of fresh water weighs 62.5 lbs. and contains 1728 cubic inches or 7.6 gallons. 

Doubling the diameter of pipe increases its capacity four times. 

Theoretically water can be raised by suction 33 feet, but practically only 25 to 28 feet. 

27,164 gallons of water will cover one acre one inch deep. 

226 gallons per minute, or 26 miner’s inches, will be sufficient to cover one acre one inch deep in two hours and one minute. 
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PRACTICAL APPLICATION OF THE 
SPECIFIC GRAVITY FLASK 

By H. STABLER 


*The principal objects of these notes is to show 
the great practical possibilities of the specific grav¬ 
ity flask, which in future should prove to be one of 
the most useful and indispensable instruments for 
efiicient and reliable control of the condition of mill- 
pulp. W. J. Sharwood’s admirable article on the 
measurement of pulp and tailing' is presumably fa¬ 
miliar to all millmen who have to deal practically 
with the handling of pulp. The present notes do 
not pretend to add much that is really novel, out 1 
trust that some practical conclusions drawn from 
the above and other papers on this subject* will be 
welcome to those whose daily duties leave very lit¬ 
tle spare time for a thorough study of technical 
literature. 


1. Determination of Density (Specific Gravity) of 
Solids 

If the specific gravity of the solid ore under 
treatment be not taken at an accepted average 
value, it may be determined by any well known 
method. For instance, if the material is dry, a 
known weight (in grams) of the material under 
examination is placed in the flask, and water added 
to the mark (in the suggested flask to the top), the 
total weight of the contents is then taken. The 
density is obtained by the use of formula (1). Wet 
material, such as mill-pulp, is preferably dried and 
weighed after the determination of the specific 
gravity of the pulp. 
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In practice it has been found that flasks having 
a large mouth ground true, the ground edge to be 
used as the mark of capacity, are more convenient 
for taking fair samples than the usual glasses with 
a mark below the mouth. In consequence of sand 
adhering to the glass above the mark, the latter are 
more difficult to fill accurately. 


•Extract from the Jour. Chem., Met. and Min. Soc. of South 
Africa, November, 1911. 


2. Determination of Specific Gravity of Pulps 
Almost all factors determining the nature of 
pulps, from the millman’s point of view, are gov¬ 
erned by the specific gravity of the pulp. If the 
metric system of weights be used, the specific grav¬ 
ity is at once obtained by dividing the net weight 

iThe Minin? Magazine. Vol. 1, Nov. and Dec., 1909. 

2 See F. B. Hyder’s ‘Specific Gravity Estimation of Pulp,’ 
Colorado Scientific Society, Vol. IX, p. 417; and W. A. Calde¬ 
cott, Jour. Chem., Met. and Min. Soc. of S. A., Vol. 11, p 376. 
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698 MEASUREMENT DATA. 


of the pulp by the volume occupied, or when a 
1000-c.c. flask is used by cutting off the last three 
decimals of the net weight of the pulp (in grams). 
The specific gravity of slime pulp, in which all 
solids are freely suspended, may be measured by a 
hydrometer. 

3. Determination of Percentage (By Weight) of 

Dry Solid and Water 

Although the specific gravity is indicative of the 
constitution of pulps, the percentage of dry solid 
or moisture conveys a more definite impression to 
the average mind. The usual method of detemiin- 
ing the percentage of solids and moisture, by drying 
and weighing, is very troublesome, and also, as done 
in practice, unreliable and inaccurate. Hence meth¬ 
ods based on specific gravity, formula (3), are vast¬ 
ly quicker and more convenient. 

Any alteration in the composition and in the 
rate of flow of pulps shows itself by a marked 
change in the percentage of moisture and this there¬ 
fore gives a reliable, sensitive, and effective control 
in the uniform distribution of the pulp and the reg¬ 
ular working of classifiers. For instance, at a mine 
where a set of eight similar classifiers was fed with 
the same battery pulp, the moisture in the under¬ 
flow of the different classifiers varied, at the same 
moment, from 35 to 75%, thus showing that the dis¬ 
tribution of the pulp over the classifiers was very 
irregular. It is to be hoped that, with such a con¬ 
venient means at hand, millmen will pay more at¬ 
tention to the control of individual units, as the 
total average always gives figures which are no 
help in detecting faulty work. 

4. Tonnage Measurements of Total Pulps (Tp) and 

of Dry Solid in Pulps (Ts) 

Tonnage measurements of flowing quantities are 
generally made by running pulp for a measured 
time into a vessel of sufficient capacity to give fairly 
accurate results. Scales for weighing the large 
quantities collected are not practically available, 
and the drawing off of the water, drying and weigh¬ 
ing of the solid portion in such quantities still less 
practicable. All these inconveniences are avoided 
by reckoning the tonnage from the volume occupied 
by the total pulp (in cubic feet) and its specific 
gravity, by formula (4) for the total pulp, and by 
formula (5) for the dry solid portion only. 

The simplest manner to carry out these meas¬ 
urements is to run the pulp into a box of known 
capacity, large enough to take at least one minute’s 
run of the stream. The exact time required for 
filling is taken by a stop-watch, the point of over¬ 
flow being easily and exactly determinable. The 
specific gravity is determined from separate repre¬ 
sentative samples taken simultaneously, and the 
calculated weight of pulp or dry slime passing dur¬ 
ing the time (t in seconds) are then used to give 
the hourly or daily quantities. If, in all measure¬ 
ments, boxes of equal capacity are used, for in¬ 
stance, 16 cu. ft. (the volume of half a ton of 
water), all the constant factors may be condensed 
into one. For a box of the above cap.acity the for¬ 
mulae for Rand ore are: 

43,200p 

Tons of total pulp in 24 hours: (Tp) -- 

t 

(p-1) 68609 

Tons of dry solids only (Ts) =- 

t 
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Since the capacities of launders, vats, pumps, 
and other machines, as well as the rates of overflow 
of classifiers are determined by the volume of the 
pulp, the fluid ton of 32 cu. ft. (equal to the volume 
of 2000 lb. water, on the assumption that 1 cu. ft. 
of water weighs 62.5 lb.) is frequently used as a 
unit in mining work. The tonnage of pulps of 
known specific gravities is readily converted into 
fluid tons by formula (7) for the total pulp and by 
formula (9) for the dry solid portion. 

The same method is also applicable on a large 
scale to the tonnage measurement of vats, provided 
the consistence of the pulp is not changed by draw¬ 
ing off water or slime (as is the case with sand- 
coUecting and slime-settling vats), or by adding cy¬ 
anide solution (as happens with slime-treatment 
vats). For large measurements the practical util¬ 
ity of this method is therefore confined to agitation 
or circulating-vats, and in all other cases, for lack 
of better methods, resort must be had to the method 
commonly practiced, inaccurate as it is, of estimat¬ 
ing the dry solid by the established dry weight of 
the settlement volume. This varies considerably 
with the nature and the fineness of the ore, and 
should therefore be checked frequently and cor¬ 
rected if necessary by actual test. For such tests 
the method I describe is suitable, as no drawing off 
of water nor drying is necessary. 

At the Knight Central G. M. Co. the daily ton¬ 
nage measurements of the mill-pulp for several 
years past have been regularly taken by the gravity 
method, which, after careful investigation, was 
found to give most reliable results. In addition 
there is the advantage that it can be carried out 
without waiting for settlement of the slime. After 
filling the first transfer tank with solution and after 
circulation (the whole operation taking about four 
hours), two samples are taken, one at the delivery 
pipe, representing the pulp at the bottom of the 
tank, and one from the upper part, to get a repre¬ 
sentative average for the whole content. 

5. Relations of Flowing Quantities in Classifiers 

The relation of flowing quantities in classifiers 
may be calculated from the percentage of any of 
their components measured at the inflow, overflow, 
and underflow. No component can so quickly and 
reliably be measured as the jiercentage of dry solid 
taken with the specific gravity flask. From the 
percentages of dry solid so obtained, the tonnage 
of the total pulp underflow (as a percentage of the 
total pulp inflow) is calculate by formula (10) and 
the tonnage of dry solid underflow (as a percentage 
of dry solid inflow) by formula (11). In either 
case it is first necessary to calculate the percentage 
of solid, since the flowing quantities of the under¬ 
flow can directly be determined from the values of 
the specific gravity, by formula (12) to get the 
percentage of the total pulp, and by (13) to get 
that of the dry solid portion only. The accuracy 
obtainable by the specific gravity method is only 
limited in practice by the accuracy with which the 
means at our disposal determine the correct values 
of (1) the volumetric weight of the pulp (w), (2) 
the density of the solid (d), and (3) the specific 
gravity of the liquid (5). 

(1). Accuracy of Volumetric Weight of Pulp.— 
When using a 1000-c.c. flask an error in content or 
in weighing of even 10 c.c. or 10 gm. respectively, 
affects the specific gravity (p) of the pulp in the 
third decimal only. For a 1:1 pulp (Rand ore) 
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gives an absolute error of 0.74% in the calculation 
of the dry solid or moisture percentages, corre¬ 
sponding to 1.48% of the true value. With the 
dilution of the pulp the error increases progressive¬ 
ly. The accuracy of the tonnage measurement of 
the total pulp varies as that of (p), while the ton¬ 
nage of the dry portion shows an error of 2.17% 
which increases progressively with the dilution of 
the pulp. If we allow such rough work in actual 
mining practice, the annexed curve gives us the 
percentage of moisture or solid within % to 1 per 
cent. 

(2) . Accuracy of Density of Solid.—It seems 

that the average density of Rand ore is, at least for 
individual mines, fairly steady. The constant (k) 
in the formula varies with the density as follows: 
Density .. 2.4 2.5 2.6 2.7 2.8 2.9 3.0 

k. 171.4 166.6 162.6 168.8 165.6 162.6 160.0 

A variation from the generally accepted average 
density of 2.7 for Rand ore to 2.8 affects the accur¬ 
acy of the specific gravity (p) in a 1:1 pulp by 
0.96%, which error decreases slowly with the dilu¬ 
tion of the pulp. The tonnage of the total pulp is 
affected to the same extent as (p), while the dry 
solid portion shows a constant error of 2.8% inde¬ 
pendently of the consistence of the pulp. For the 
percentage of dry solid and moisture the error is 
2.06%, which increases with the dilution of the 
pulp. When much concentration of the pyritic por¬ 
tion of the ore takes place the actual specific grav¬ 
ity must be ascertained in each case, as an increase 
from 6 to 10% pyrite causes the specific gravity of 
the solid to vary from 2.7 to about 2.8 per cent. 

(3) . Accuracy of Specific Gravity of Liquid.— 
All the formulse are based on the specific gravity 

NOTES ON 


The Construction and Operation of Air-Lifts 

Not long ago a well-known practical mill man, 
who was being shown around a mill, then in course 
of erection, commented on the air-lifts. His advice 
was to discard them, and replace by some kind of 
pump or elevator. His own experience had been 
unfavorable. The man who was to take charge of 
the mill, as foreman, was also dubious; the experi¬ 
ence he had had with them, working under another 
engineer was not satisfactory. 

Again, in one of the most up-to-date mills on the 
continent—one in which the practice was carefully 
worked out by several years’ preliminary work on 
a smaller mill—the air-lift is conspicuous by its 
absence. All wet pulp is raised by bucket-elevator. 
These brief statements outline the general attitude 
towards air-lifts. Some engineers are more than a 
little afraid of them. It is, however, interesting to 
note that in the mill first referred to, the air-lift 
worked most successfully, and that, in the latter, 
a modification in the treatment required elevation 
of the pulp in a part of the mill where no provision 
was made for such elevation; an air-lift was tried 
out and worked so successfully and economically 
that the present intention is to replace the bucket- 
elevator by air-lift wherever possible. 

There have been many failures in the use of 
air-lifts for elevating pulp. Nothing is heard of 
these failures, owing to the fact that most of them 

*A. M. Merton In Mining and En?. World. 
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of pure water, but they are applicable to ordinary 
mixtures of cyanide solutions with enough accuracy 
for practical purposes, except in cases of excessively 
thin pulps, such as turbid water, overflow of classi¬ 
fying vats, etc. For exact scientific work or for 
much heavier liquids (sea water = 1.027) the true 
specific gravity (5^), corrected f^r temperatures, is 
taken into consideration in the following formulse: 

100 Sp 

Specific gravity of pulp --, and 

lOOd-S(d-S) 

100d(p-5) 

Percentage of dry solid S =-- 

P(d-5) 

In stating that the extent of the error intro¬ 
duced by ignoring the higher specific gravity of 
cyanide solutions, is not generally appreciated, Mr. 
Hyder was misled by erroneous information (ac¬ 
cepted by him with the reservation “assuming this 
to be correct”) as to the average density of ordi¬ 
nary cyanide solutions. This strength does noi gen¬ 
erally exceed 0.18% for sand, 0.025% for slime, 
and 0.3% for black sand. I am indebted to M. T. 
Murray, lecturer of the South African School of 
Mines, for the exact determinations of the specific 
■gravity of an ordinary cyanide solution, assaying 
0.126% KCN and 0.01% alkalinity. He obtained a 
value of 1.0021, and from the data given above it 
will be seen that the small variation from the spe¬ 
cific gravity of pure water is negligible. These re¬ 
sults are published through the courtesy of the 
Mines Trial Committee though on my own responsi¬ 
bility. 

AIR LIFTS 

were on a small or experimental scale. It is clear, 
then, that the principles on which the pulp-air-lift 
works are not well, or generally, understood. The 
practice in lifting pulp differs in certain particulars 
from the air-lift which merely raises water. The 
failures are due to not appreciating these differ¬ 
ences. 

In regard to the principles on which air-lifts 
work there is still a general misapprehension among 
mill men. Many believe that the liquid is raised 
in the lift pipe by the medium of “pistons” of air 
thrusting the fluid upwards. In a properly de¬ 
signed and operated air-lift, this is incorrect. In a 
well-arranged lift the flow of pulp is steady and 
even, showing that pistons of air do not occur. 
When the pulp is delivered in spurts, the air-lift 
is working inefficiently. 

The air-lift merely works on the principle of the 
hydrostatic balance; the fluid in one limb being 
lightened by the introduction of air. For example, 
take a U tube, 4 ins. in diameter, with one limb 24 
ft. long, and the other 36 ft.; it will hold about 
4 cu. ft. above the bend. Now into the long limb 
of the U tube pass a stream of air bubbles, so that 
all times there is one cu. ft. of air in iL Each 
sphere of air will displace an equivalent volume of 
water, and of course the water will rise in the long 
limb until the volume is that of the combined air 
and water; or in this case it will rise 12 ft. with¬ 
out in any way affecting the water level in the short 
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limb. Thus we see that 24 ft. of water wiU balance 
36 ft. of an aerated fluid containing 30% of air by 
volume. Now if the long limb is cut 6 ft. below 
the top of the pipe, the water will flow out under a 
head of 6 ft. (or with an initial pressure of about 
one-flfth pound per square inch in this case) until 
the level stands 4 ft. lower in the short limb, when 
the flow will cease. Thus we have again 20 ft. .of 
water balancing 30 ft. of mixed water and air, and 
if the short limb is continuously supplied with 
water, the longer limb will have a steady stream of 
water issuing from it. There is no necessity what¬ 
ever to assume the presence of air pistons. The 
little bubbles of air displacing an equivalent volume 
of water are not only sufficient to do the work, but 
experience has shown that they act more economi¬ 
cally than the pistons. 



All this is rudimentary, but it must be under¬ 
stood, if clear ideas are to be held regarding air 
lifts. But in air lifts for elevating pulp, other 
questions have to be considered. To neglect these 
questions is to invite failure. 

Pulp is a mixture of sand, clay and water, or 
cyanide solution. It is clear that, in raising such 
a mixture, the velocity upwards must be great 
enough to lift the coarsest particles in the pulp. 
Otherwise there will be a sorting action in the lift— 
the lighter particles being carried upwards and the 
coarser left behind—and the gradual accumulation 
at the bottom of the pipe will eventually choke it. 

The operation of an air-lift discloses the fact 
that the screens and classifiers of a mill allow, in 
some manner, the escape of a very small percentage 
of very coarse particles. For instance, in one plant 
treating 4500 tons of slime a month, 80% of the 
slime passing a 150-mesh screen, there accumu¬ 
lated, in one part of the system, about 1000 lbs. of 
coarse ore every month. Or at least that amount 
was removed. There was reason to believe that 
the actual amount present was greater. The par¬ 
ticles varied in size from rice, to a small bean. 
Screen analyses never detected their presence. 

In considering air-lifts, therefore, the upward 
velocity of the current must be great enough to 
carry off very large pieces of ore, otherwise the 
air-lift will give periodical trouble by choking. Con¬ 
siderable experience with air-lifts has shown that 
the velocity of the pulp in the rising limb must not 
be less than 214 ft. per second and that to get good 
results 5 ft. per second would be better. 


In every case of a failure of which I have any 
specific knowledge, the fault has been in having too 
large a rising pipe. A large pipe, in carrying water, 
of course, means a low loss by friction; but it also 
means a low velocity of water in the pipe. In an 
air-lift elevating pulp, the velocity upwards is fixed 
by the character of the pulp and cannot be reduced. 
The loss due to friction cannot be eliminated. 

The next error is in providing insufficient air to 
properly operate the lift. Mechanically the air-lift 
is most inefficient. Cenerally 3 times as much air 
is required to raise a given quantity than is theo¬ 
retically necessary. It is safe to say that twice the 
amount of air is r^uired to lift a mill pulp than the 
tables give for lifting an equivalent amount of 
water. Of course, it is to be understood that these 
statements are approximations. 



Requirements of An Air-Lift 

Turning now from general considerations, let us 
consider the specific requirements of an economical 
air-lift: 

Usually the air-lift takes the form of 2 tubes, 
one within the other. The outer pipe acts as a 
well, while the small inner pipe acts as the riser, 
and takes the place of the long limb in the U-tube. 
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In the diagram (Fig. 3) H is the height of lift; 
h is the feet of submergence; H plus h is the total 
length of the riser. It has been found by experi¬ 
ence that h should be at least 60% of the quantity 
H plus h, to get economical results. In actual mill 
work it can be as low as 45%. 

The air pressure required is calculated from the 
formula: 

P=pressure; 

S.G.=specific gravity of pulp; 
h=submersion. 

P=433 S.G., h. 

Actually a few pounds extra pressure are re¬ 
quired to overcome friction, say from 3 to 4 lbs. 

The amount of air required depends upon the 
design of the lift and the percentage of submer¬ 
sion. Too few data are at hand to safely theorize 
upon this matter. Actual test has shown that 2.5 
cu. ft. of free air per cubic foot of pulp to be raised 
is the least that should be provided. In a specific 
case 3.2 cu. ft. air were required to raise 1 cu. ft. 
of a pulp containing 28% solids. For a new plant 
where actual data are wanting it is safe to say that 
a compressor capacity of 3.5 cu. ft. of free a^r by 
piston displacement per cubic foot of pulp to be 
raised the least that should be provided. 

In selecting a compressor it is a mistake to have 
too high a pressure. If the requirements are for 20 
lbs. pressure, the delivery of air at 30 lbs. is mere 
waste of power. It has been said that an air- 
receiver is not necessary. This may be so, theo¬ 
retically. Still a large receiver is necessary when 
the air is being used for a great variety of purposes. 
Also, practicaUy, it acts as an oil trap, the value of 
which, in a cyanide or concentration plant, cannot 
be gainsaid. There are air-cooled compressors on 
the market for low-pressure air. These have been 
used with satisfaction, but often they consume too 
much oil to be good machines for metallurgical 
purposes. 

Lastly, in considering mill work it should be re¬ 
member^ that the requirements for economy can¬ 
not be strictly followed. Where there are a number 
of lifts, agitators, etc., to be operated from the same 
compressor, the requirements of each must be dif¬ 
ferent. Thus one may only require 10 lbs. pres¬ 
sure while another may demand 28 lbs. 

The efficiency of air-lifts has been reckoned to 
be from 40 to 50%. In actual practice the economy 
can only be reckoned as about 35%. Especially 
where many lifts working under different heads are 
joined up to the same compressor. 

However, in spite of the low mechanical effi¬ 
ciency, the absence of moving parts, the cheapness 
of the material used, and the compactness of the 
apparatus all make the well-designed air-lift the 
most economical means of lifting pulp that we now 
have. 

The actual design and construction of an air-lift 
should be as simple as possible. Elaborate designs 
for maintaining a uniform submergence, by regu¬ 
lating the air inlet by means of fioats, etc., are 
valueless. This may be, indeed, a detriment. Com¬ 
plicated foot-valves for delivery of the air at the 
bottom of the riser, are also not only unnecessary, 
but frequently are a nuisance. 

So far as the air-jet is concerned, it may simply 
be formed by the open end of the pipe looking down¬ 
wards. Where the attempt is made to use the air 
as a jet, as in an injector, there is always bother 
when the plant is closed down. The upward nozzle 


fills with slime, forming a plug, which even high- 
pressure air will not always expel. Then the messy 
and disagreeable task of opening the bottom of the 
lift is before the mill men. The value of low pres¬ 
sure air as a jet is probably negligible. The simple 
valve formed by a piece of rubber tube at the end 
of the air-pipe is as effective as any of the more 
complicated jets, etc. 

In the design given every requirement of actual 
operation is met fairly well. It need only be stated 
that, when closing down the mill temporarily, a 
good deal of trouble can be avoided by shutting off 
the flow of pulp to the lift, and turning on a flow 
of water or solution. The slime, at least, is washed 
out and the lift can be easily started again. 

The practical mill man opens up the lift before 
sending a flow of pulp to it, using the water or so¬ 
lution instead, to insure the fact that there is no 
stoppage. Then the stamps can be dropped with 
assurance that the pulp will be taken care of. 

The following table shows the requirements of 
various volume of pulp. Those marked with an as¬ 
terisk are details from actual cases. The capacities 
of the various lifts are approximattons for sub¬ 
mergences of 45 to 60%. Under practical condi¬ 
tions, the submergence is constantly fluctuating. If 
the submergence is increased (owing possibly to 
an increased rate in the feed of pulp) the capacity 
of the lift is increased, and the air consumption will 
be diminished, and vice versa when the submerg¬ 
ence is decreased. 


AIR LIFT DATA 


Risingr 

main. 

'n 

4 ^ 


Well 

pipe. 

-Ins. diam. 

4 

4 

5 


Air 

pipe. 



Pulp cap. 
Cu. ft. 
per min. 
1.25 
3.50 
6.60 
10.00 
15.00 


Free air 
required. 

Cu. ft.|)er min. 

11 

20 

30 

50 


Test—A 3-in. air lift, submersion 50%, Pulp 28% solids, crave 
delivery of 1200 lbs. pulp (15.5 cu. ft.) and consumed 48 cu. ft. 
air per minute. 


Air-Lift Drawbacks 

Air-lifts have their drawbacks. First there is 
the submergence to be provided for. In a flat mill 
site, this is a serious matter. In a terraced mill, 
part or the whole of the submergence can be ob¬ 
tained at the edges of the benches. Also they do 
not accommodate themselves to very wide ranges 
of capacity. For example, if in a 20-stamp mill one 
lift is provided for all stamps, when 3 of the bat¬ 
teries are hung up, the lift will probably not work 
well on the small amount of pulp delivered by 5 
stamps only. The remedy of having 2 lifts in this 
case, is obvious. 

A well-designed lift intelligently operated, is 
safe, simple and economical. But mill men must 
understand that an air-lift cannot be ipade by put¬ 
ting together 3 pipes one inside the other. The 
conditions mentioned must be fulfilled; when they 
are, an air-lift is by long odds the best pulp elevator 
we have; when they are not, it is an abomination. 
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Diam. 

Cu. Ft. 

Tons 

per 24 

hours with fluid of sp. gr. 


per 














Pipe 

Minute 

1.0 

1.1 

1.2 

1.3 

1.4 

1.6 

2 

6 

270 

297 

324 

351 

878 

405 


10 

450 

495 

540 

585 

630 

675 

3 

14 

630 

693 

756 

819 

882 

945 

3^ 

20 

900 

990 

1080 

1170 

1260 

1350 

4 

25 

1125 

1237 

1350 

1462 

1575 

1687 

5 

40 

1800 

1980 

2160 

2340 

2520 

2700 

6 

56 

2520 

2776 

3024 

3276 

3528 

3780 
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IJQ2 SLIME DENSITY TABLES, 


SLIME DENSITY RELATIONS' 


The table is based on the percentage of solid 
in the slime, opposite which is given the ratio of 
solid to liquid. The numbers heading the double 
columns following, are the specific gravities of the 
dry solid (that of water being taken as unity). 
The columns headed S. G. show the specific gravi¬ 
ties of the slime, that of water being taken as 
1000 ; that is, the figures show directly the weight 
of a liter of slime in grams. The columns headed 
Vol. show the number of cubic feet of the slime in 
one ton of 2000 pounds. 

The specific gravities of solids chosen will prob¬ 
ably cover the range of slimes ordinarily met with 
and the intervals are sufficiently small to admit of 
interpolation without appreciable error. The last 
column (4.50) is a hypothetical concentrate and is 
the specific gravity of a mixture of 80 per cent, 
pyrite and 20 per cent, quartz. The average spe¬ 
cific gravity of working cyanide solutions is so 
small as to be negligible. 

The table ‘is convenient for ascertaining the 
amount of solid and of solution in slime pulps from 
the number of cubic feet, determined by rod or 
fioat, in the tank; and specific gravity of the slime, 
determined by taking the weight of a liter or by a 
specific gravity indicator in the tank. It is useful 
in calculations for ascertaining the amount-of solu¬ 
tion to be abstracted or added in thickening and 
dilutinir. for correctine the strength of the solu¬ 


i 

Per 


1 Specific Gravity of Pulp and Volume of One Ton In Cubic 
Feet, for Slimes Containing Solids of Dif¬ 
ferent Specific Gravities. 

Cent. 

Solids to 

i 


1 




1 

1 

1 


Solids. 

Solution. 

2.50 1 

-1 

1 2.60 1 

1 2.70 1 

1 2.80 

2.90 




S.G. 

Vol. 

S.G. 

Vol. 

8.O. 

Vol. 

! 1 

S.G. 

Vol. 

j S.G. 

Vol. 

6 


19.000 

1031 

31 . 03 I 

1032 

31.01 1 

1032 

31.01 ! 

1033 

30.97 

1034 


6 


16.667 

1037 

30.86 

10361 

130.82: 

1039 

130.79 , 

1040 

30.76 

1041 

30.74 

7 


13.286 

1044 

30.66, 

1045:30.62 

1046| 

30.69 ; 

1047 

30.56 

1048 

SO 5.3 

8 


11.600 

1050 

30.46 

1052 

30.43 

10531 

30.39 

1056 

30.36 

1056 

30 32 

9 


10.111 

1067 

30.27 

1069 

130.231 

1060 

30.19 i 

1061 

30.15 

1063 


10 


9.000 

1064 

30.08 

1066 

1 30.03 

1067 

29.99 ; 

1068 

29.95 

1070 

29 90 

11 


8.091 

1071 

29.88 

1073 

129.83 

1074 

29.79 : 

1076 

29.74 

1078' 


13 


7.333 

1078 

29.70 

1080 

29.641 

1082 

29.69 ! 

1083 

29.53 

loss' 

29.48 

13 


6.692 

1085 

29.50 

1087 

29.441 

1089! 

29.39 1 

1 1091 

29.33 

1 1093 

29.27 

14 


6.144 

1092 

29.31 

1094 

, 29.24 

1097 

29.19 

1 1099 

29.12 

noil 

29.06 

16 


6.667 

1099 

29.18 

1102 

29.05 

1104 ' 

28.99 

1 1107 

28.91 

1 1109 ! 

28.86 

16 


6.260 

1106 

28.93 

1109128.86: 

1112' 

28.78 

11115 

28.71 

1 iii7: 

28 65 

17 


4.882 

1114 

28.74 

1117! 

28.661 

1119 

28.68 

11123 

28.60 

1 1125 ! 


18 


4.656 

1121 

28.54 

1125.28.45 

1128 

28.38 

1131 

28.30 

1184 

28 23 

19 


4.263 

1129 

28.35 

1133 

128.26! 

11361 

28.18 

1139 1 

28.09 

1142 


20 


4.000 

1136 

28.17 

1140 

128.06; 

1144 

27.98 

' 1147 1 

27.89 ! 

1161 

27.81 

21 


3.762 

1144 

27.97 

1148 

1 27.87i 

1152 

27.77 

1 1156 

27.68 ’ 

; 1169 

27.60 

22 


3. bfb 

1152 

27.78 

1167 

27.67 

1161 

27.67 

1165 : 

27.47 

1 lies 

27.39 

83 


3.348 

1160 

27.58 

T165 

i27.47| 

1169 

27.37 

1174 I 

27.27 

, 1177 

27.18 

24 


8.167 

1168 

27.39 

1173 

:27.27 

1178 1 

27.17 i 

1 1182 [ 

27.06 

1 1186 

20.97 

26 


3.000 

1178 

27.21 

1182 

; 27.08 1 

1187! 

26.97 

1191 

26.85 

11951 

26.76 

86 


2.846 

1185 

27.01 

1190 

I 26.88 1 

1196 

26.77 1 

' 1201 

26.66* 

1 12051 

26.55 

27 


2.704 

1193 

26.82 

1199 

126.68 

1205 1 

26.56 1 

1210 1 

26.44 

1216i 

26.84 

28 


2.571 

1202 

26.62 

1209126.49 

1 1214 

26.36 ' 

1 1220 

26.24 

1224 

26.13 

29 


2.448 

1211 

26.43 

1217 

126.29 1 

1 1223 

26.16 

1229 

26.03 

1234 

25.92 

30 


2.333 

1220 

26.24 

1226 

I 26 . 10 ; 

1233 

25.96 1 

1239; 

25.83 

1244 

25.71 

31 


2.226 

1229 

26.05 

1236 

'25.90 ; 

1242 

26.75 

1 1249 1 

25.63 

1255 1 

25.50 

32 


2.125 

1238 

25.86 

1245,25.701 

1252 

25.65 

1259 

25.42 

1265 

25.29 

S3 


2.030 

1 1247 

25.66 

1255 

126.60 ' 

1262 

25.35 

1 1269 

26.21 

1276 

25.08 

34 


1.940 

1 1256 

26.47 

1264 

'25.31 1 

1272 

26.15 

1279 , 

25.01 

1287 

24.87 

35 


1.857 

1 1266 

25.28 

1274 

25.12 ' 

1283 

[24.96 ' 

1 1290 

24.80 

1298 ! 

24.66 

36 


1.778 

, 1276 

25.09 

1284 

24.91 i 

1293 

24.75 

1301 I 

24.60 1 

1309 1 

24.45 

37 


1.703 

1 1285 

24.90 

1295 

124.71 ! 

1304 

24.65 

1312 

24.39 

1320 

24.24 

38 


1.632 

1295 

24.70 

1306 

'24.52 

1314 

24.36 

1323 

24.19 1 

1332 

24.03 

39 


1.664 

1305 

24.51 

1316 

,24.32 1 

1326 

24.14 

1336 

23.98 1 

1343! 

23.82 

40 


1.500 

1316 

24.32 

1326 

i24.13 1 

1336 

23.95 

! 1346 ' 

23.77 

1355 

23.61 

41 


1.439 

1326 

24.13 

1337 

I 23.93 1 

1348 

23.74 1 

1 1357 

23.57 ‘ 

1367] 

23.40 

42 


1.381 

1337 

23.94 

1 1348 

I 23.73 1 

1359 

23.55 

' 1370 1 

23.36 1 

! 1380 

23.19 

43 


1.326 

1348 

23.74 

1 1359 

123.63 I 

1371 ! 

23.34 

, 1382 

23.16 1 

1392 

22.99 

44 


1.273 

1359 

23.55 

1 1372 

l«.33 1 

1383 

23.15 1 

1 1395 1 

22.95 1 

1405 

22.78 

46 


1.222 

1370 

23.36 

1383 

I 23 .I 4 

1395 

22.94 ; 

1407 

22.74 ; 

1418 

22.67 

46 


1.174 

1381 

23.17 

, 1395 

I 22.94 

1408 

22.73 

1 1420 

22.64 1 

1 1 432, 

22.36 

47 


1.128 

1393 

22.98 

1407 

i22.75 

1420 

22.64 

1 1433 

22.33 

' 1445 

22.15 

48 


1.083 

1404 

22.78 

1419 

22.65 

1433 

22.33 

1446 1 

22.12 ' 

, 1458' 

21.94 

49 


1.041 

1416 

22.69 

, 1431 

22.36 

1446 

22.13 

1460 ' 

21.92 , 

' 1473 

21.73 

60 


1.000 

1429 

22.39 

1444:22.15 1 

1460 

21.92 

' 1473 

21.71 

: 1487' 

21.52 

61 


0.961 

1441 

22.21 

1 1458 

121.96 

1473 ! 

[21.72 

1488 1 

121.61 

1 1502; 

21.31 

63 


0.923 

1453 

22.02 

1471 

121.76 

1487 

21.62 

1 1602 

21.30 

1517 

21.10 

63 


0.887 

1466 

21.82 

1 1484 

I 21.66 

1501 

21.32 ' 

' 1516 

21.10 1 

1532| 

20.89 

64 


0.852 

1479 

21.63 

' 1498 

121.36 

1515 

21.12 : 

1532 

20.89 

1 1648{ 

20.68 

66 


0.809 

1493 

21.44 

1 1612 

21.17 

1530 

20.92 

1547 

20.69 


20.47 

66 


0.786 

1506 

21.25 

1526 

20.97 

1545 

20.72 1 

; 1563 

20.48 

1580 

20.26 

67 


0.764 

1520 

21.06 

1540 

20.77 

1660 

20.61 

1 1679 

20.27 

1696 

20.05 

68 


0.724 

1534 '20.86 

1555 

20.58 

1574 

20.31 ' 

1 1595 

20.07 

1613 

19.84 

69 


0.696 

1548 

20.67 

1672 

20.38 

1691 

20.11 

>1611 

19.86 1 

1629' 

19.63 

60 


0.667 

1663 

20.48 

1585 

20.18 

1607 

19.91 

i 1628 [ 

19.66 ' 

16451 

[ 19.42 

61 


0.639 

1577 

20.29 

1601 

19.98 

1 1623 

19.71 

1645 

19.45; 

1664, 

19.21 

62 


0.613 

1692 

20.10 

1617 

19.79 

11641 

19.61 

1 1662 

19.25 

16831 

19.00 

63 


0.687 

1608 

19.90 

1633 

19.69 

1 1667 

19.30 

[ 1681 

19.041 

1703 

18.79 

64 


0.563 

1623 

19.71 

1660 

19.40 

1676 

19.10 

, 1698 

18.94 

1723' 

18.68 

66 


0.638 

1639 

19.62 

1667 

19.20 

1692 

18.90 

. 1718 

18.73 

17421 

, 18.37 

66 


0.615 

1656 

19.32 

1684 

19.00 

1711 

18.70 

1738 

18.631 

1762; 

18.16 

67 


0.493 

1672 

19.14 

1701 

18.80 

1730 

18.60 

1767 

|18.32, 

1783 

17.95 

68 


0.471 

1689 

18.94 

1719 

18.61 

1749 

18.30 

1 1776 

18.11 

1803| 

[ 17.74 

69 


0.449 

1706 

18.75 

1738 

18.41 

1 1768 

18.10 

1797 

17.811 

1825 

17.63 

70 


0.429 

1724 

18.56 

1767 

18.21 

1 1786 

17.90 

1818 

17.60; 

1847 

17.32 


tions, for checking tonnage and for other purposes. 

Assume that in a plant in which the specific 
gravity of the solid is 2.7, a tank is shown, by the 
depth of pulp in it, to contain 3530 cubic feet of 
pulp, a liter of which weighs 1223 grams. From 
the table it is found that the specific gravity 1223 
corresponds to 26.16 cubic feet per ton and to 29 
per cent, solid. The weight of pulp, therefore, is 
3530-f-26.16=135 tons and the weight of solids 136 
X 0.29=39.15 tons. The weight of solution is, by 
difference, 95.85 tons. If the solution titrates 1.06 
pounds cyanide per ton and it is desired to bring 
the strength up to 2.5 pounds per ton, we have 
2.5—1.05=1.45 pounds cyanide to be added per ton. 
Therefore, 95.85X 1*45=139 pounds cyanide to be 
added to the tank. 

The table is useful in determining the sizes of 
tanks necessary for any given capacities. Thus, if 
it is desired to agitate 50 tons of dry slime (specific 
gravity of solid 2.6) with three parts solution, the 
table shows this to contain 25 per cent, solids and 
to have a volume of 27.08 cubic feet per ton; there¬ 
fore, 50-^-0.25=200 tons of slimeX27.08=5416 
cubic feet, the required effective working capacity 
of the tank, to which an amount must be added to 
secure the desired height of curb above the charge. 


*Lowden in Metallurgical and Chemical Engineering, 
June, 1912. 


Per 


Sperifir O-ivlty of Pulp and Volume of One Ton in Cubic 
Feet, for Slimes Containing Solids of Dif¬ 
ferent Specific Gravities. 





1 






^lids. 

Soluilon. 

3.00 

3.10 

1 3.20 


1 *4.50 


S.G. 

Vol. 

' S.G. Vol. 

1 

, S.G. 

Vol. 

S.G. 

Vol. 

' 8.0. Vol. 

1 1 

5 

1.19.000 

1035 

30.93 

I 1035 30.92 

1036 

30.90 

1036 

20.89 

1 1040i30.75 

6 

1:15.667 

1042 

30.72 

i 1042 30.70 

1043 

30.68 

1043 

30.66 

< 1049| 30.51 

T 

1:13.2K6 

1049 

30.51 

1049,30.48 

1050 

30.46 

1051 

'30.43 

1 10581 80.25 

8 

1;11.500 

1056 

30.30 

1057 30.27 

1058 

30.24 

1058 

130.21 

1067| 80.01 

9 

1:10.Ill 

1064 

30.09 

1065 30.05 

1066 

30.02 

1067 

I 29.99 

,1076 29.75 

10 

1; 9.000 

1071 

29.87 

1073 29.83 

1074 

29.80 

1076 

129.77 

) 10841 29.51 

] 1 

1: 8.091 

1078 

29.65 

1080 29.61 

1082 

29.58 

1083 

|29.64 

'10931 29.25 

12 

1: "..in 

1087 

29.44 

1088 29.40 

1090 

29.36 

1091 

29.82 

> n02| 29.01 

l;i 

1: 6.692 

1095 

29.23 

1096 29.18 

1098 

29.14 

109929.10 

1112 88.76 

14 1 

1: 6.144 

1103 

29.01 

1105 28.96 

1106 

28.92 

1108 

28.88 

1122|28.52 

15 1 

1: 6 667 

1111 

28.80 

1113 28.74 

1115 

28.70 

1117 

28.66 

II 82 I28.27 

16 

1: 5.250 

1119 

28.59 

1122 28.63 

1124 

28.48 

1125 

28.43 

11421 18.02 

17 

1: 4.S82 

1 : 2 s 

28.37 

1130 28.31 

1132 

28.26 

1134 

38.21 

llBi: 27.77 

l.V 

1: 4..556 

1136 

28.16 

1139 28.10 

1141 

28.04 

1143 

27.99 

1163, 27.52 

19 

1: 4.2G3 

1145 

27.95 

1148 |27.88 

1160 

27.82 

1153 

27.76 

1173 27.27 

20 

1; 4.000 

1154 

27.73 

1157,27.66 

1159 

27.60 

1162 

27.64 

1184 27.02 

21 

1: 3.762 

1163 

27.52 

1166 27.44 

1169 

27.38 

1171 

27.32 

1194 25.77 

22 

1 3.54.5 

1172 

27.31 

. 1175 27.23 

1178 

27.16 

1181 

27.09 

1206 26.52 

23 

1: 3.34S 

1181 

27.09 

1184 27.01 

1188 

26.94 

1191 

26.87 

1218 26.28 

2 4 

1. 3.167 

1190 

26.88 

1194 26.791 

1198 

26.72 

1201 

26.65 

1330 26.08 

25 

1: 3.000 

1:00 

26.67 

1204 26.581 

1208 

26.50 

1211 

26.42 

1241 25.7S 

26 

1; 2.846 

1210 

26.45 

1214 26.37 

1218 

26.28 

1222 

26.20 

1253 ; 25.53 

27 

1: 2 704 

1220 

26.24 

1224 26.16; 

1228 

26.06 

1232 

25.98 

12661 26.28 

2S 

1: 2.571 

1230 

26.0-3 

1234 25 . 93 ' 

1239 

25.84 

1242 

26.75 

12781 26.02 

“29 

1; 2.44-8 

1240 

25.81 

1244 25.71 

1249 

26.62 

1263 

25.63 

1291 24.78 

30 

1: 2.333 

1250 

25.60 

, 1255 26.501 

1260 

25.40 

1264 

25.81 

1304 24 58 

31 

1: 2.226 

1261 

25.39 

: 1266'25.28| 

1271 

25.18 

1276 

25.08 

1317 24.28 

32 

1: 2.125 

1271 

25.17 

1277 26.06 ' 

1282124.96 

1287 

24.86 

1231 24.04 

33 

1: 2.030 

1282 

24.96 

1 1288 24.85 

1293 

24.74 

1299 

24.64 

1346; 23.79 

.34 

1: 1.940 

1293 

24.75 

1299 24.63 j 

1305:24.62 

1311 

24.41 

1859 23.54 

35 

1: 1.S57 

1304 

24 53 

1310 24.41 1 

1317,24.30, 

1383 

24.19 

1374 23.21 

36 

1; 1.778 

1316 

24.32' 

1322 24.19 

1329 

24.08 

1336 

28.97 

13891 23.04 

37 

1: 1.703 

1328 

24 .11 

1334 23.9SI 

1341 

23.861 

1347 

23.76 

1404 22.79 

38 

1: 1.632 

1340 

23.89 

1346 23.761 

1353 

23.64 

1360 

28.62 

14201 22.54 

.39 

1: 1.564 

1351 

23.68 

1358 23 . 55 I 

1366 

23.42 

1373 

28.20 

1435 22.29 

40 

I ■ 1.500 

1363 

23.47 

1371 28.331 

1379 

23.20 

1387 

23.08 

1461 22.04 

41 

1:1. 1.19 

i;i76 

23.26 

1 1384 23.1 1 

1393 22.98 

1400 

22.86 

1468 11.79 

42 

1: 1 .381 

1389 

23.04 

1 1397 22.89 

1406 

22.76 

1414 

22.63 

14851 21.56 

4.1 

1 : 1 126 

1402 

22.83 

1411 22.68 

1419 

22.64 1 

1428 

22.41 

15021 21.20 

** 1 

1: 1.273 

1(15 

22.61 

, 1425 22.46 

1433 

22.32. 

1442 

22.18 

1519; 21.05 

4 5 

1: 1.222 

1429 

22. 40 

' 1438 22.24 1 

1447 

22.10! 

1466 

21.96 

153S; 20.80 

46 

1: 1.174 

14 4.1 

22.19 

1452 22.02 

1462 21.88 

1471 

21.74 

1557 20.66 

47 

1 - 112 8 

14 57 

21.97 

' 1467 21.81: 

1477 

21.66' 

1487 

21.51 

1575 20.30 

4S 

1 1 0.S.1 

1471 

21.76 

1483,21.60 

1493 

21.44 

1603 

21.29 

1595 20.05 

4 9 

1 1 041 

14S5 

21.55 

1497'21.38 

1508 

21 . 22 ' 

1619 

21.07 

1615 19.81 

50 

: • 1 000 

1.500 

21.33 

1512 31.16> 

1624 

21.001 

1635 

20.85 

1537 19.66 

.51 

1 0.96i 

1515 

21.12 

1528 20.94 

1640120.78 

1551 

20.62 

1658 19.31 

62 

1. 0.92.1 

15:!l 

20.91 ,| 

1644 20.73] 

1556 

20.56 

1568 

20.40 

1679 19.05 

53 

1 - 0 ''S7 

1547 20,69 

1560,20.51 

1673 

20.34 

1585- 

20.18. 

1700' 18.81 

54 

1: 0 .8 52 

1563 

20.4.8 

I 577 I 2 O .29 

1690 

20.12 

1603 

19.96^ 

1724 18.55 

55 

I . 0.809 

1579 

20.27 

1594 j 20.081 

1608 

19.90 

1621 

19.73 

17481 18.11 

56 

1: 0.786 

1596 

20 05 

1611'19.871 

1626 

19.68 

1640 

19.51 

J77Z 18.06 

f.7 

1: 0.754 

1613 

19.84 

1628 19.651 

1645 

19.46 

1659 

19.29 

1796, 17.81 

f.8 

1: 0.724 

1631 

19.63 

1646 19 . 43 I 

1663 

19.24 

1678 

19.06 

182X! 17.55 

59 

1; 0 695 

1649 

19.41 

1665 19.21 

1682 

19.02 

1697 

18.84 

184ft 17.32 

r,o 

1 : 0 667 

1667 

19.20 

1684 19.00 

1702 

18.80 

1718 

18.63 

1875i 17.07 

t;i 

1: 0.619 

168 6 

18.99 

1704 18.78 

1722i 

18.58 

1739 

18.39 

19031 16.82 

r .2 

1 0.611 

1705 

18 77 

1724 18.561 

I 742 I 

18.36 

1761 

18.17 

1933 15.57 

fio 

1: 0.587 

1721 

18.56 

1745 18.34 

1764! 

18.14 

1783 

17.95 

1951 16.33 

64 

1 : 0.563 

1745 

18.35 

1765 18.12 

17861 

17.98 

1805 

17.72 

199» 16.07 

65 

1; 0 538 

1765 


1786 17.91 

18081 

17.70 

1828 

17.50 

202» 15.82 

6 6 

1: 0.515 

1786 

17 92 

1808 17.69 

1830' 

17.48 

1852 

17.28. 

2055' 16.67 

67 

1: 0.493 

isos; 

17.71 

1831 17.47 

1S5SI 

17.26 

1876 

17.06 

208a 15.13 

6 8 

1: 0,471 

1830 

17.491 

1854 17.26 

1877| 

17.04 

1901 

16.83 

31 Sa 16.08 

69 

1 : 0.449 

1852[ 

17.281 

1878 17.04 

19081 

16.82 

1927 

16.61 

2l6a 14.83 

70 

1: 0.429 

18751 

17.07 . 

1902 16.83 

1926 

16.60 

1963 

16.39 

219B 14.58 


* 80 per cent pyrite and 8Q per cent, quarts. 
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SPECIFIC GRAVITY CHART. 


SPECIFIC GRAVITY CHART 


Frequently in cyanidation, when slime is being 
handled, the percentage of moisture and the per¬ 
centage of solids in the pulp must be known in order 



to determine the pro'per treatment. The common 
practice is to determine their quantities from the 
specific gravity determinations, which are taken at 
frequent intervals during the day. Most moisture 
percentage charts involve curves and are to a cer¬ 
tain extent puzzling. They are constructed by us¬ 
ing an algebraic equation and are not easily made. 
The chart here illustrated is easily made and is clear 
and correct. It can be made in a few minutes, and 
with much more detail than shown in the sketch. 

The chart is made by using coordinates. The 
ore in this case has a specific gravity of 2.65. On 
OY, lay off OB, which represents a specific gravity 
of 1 and which will be the specific gravity when the 
agitator, or whatever the receptacle containing the 
pulp, is full of water. Using the same scale, lay 
off OA on OX, representing the specific gravity of 
the receptacle when full of solids or ore. This 
quantity is 2.65. Now the line, AB, represents all 
specific gravities ranging from 1 to 2.65. Any in¬ 
termediate specific gravity lines such as those 
shown on the chart may be found by dividing this 
line AB into 16.5 ^ual parts. (The difference be¬ 
tween 2.65 and 1 is 1.65 and the line on the chart 
represents one-tenth of 1 per cent, therefore divide 
by 16.5 instead of 1.65 to get the divisions, such as 
BD on the chart). An equation containing two 
variable whose sum equals a constant is represented 
by a straight line 45 degrees to the ordinate. This 
is the case of the two variables, percentage of mois¬ 
ture and percentage of solids, the sum of which is 
always 100 per cent. Let this line be any such line 
as BC, and let the specific gravity lines cut BC. To 
read this chart, find the point where the line repre¬ 
senting the specific gravity already determined cuts 
the line BC. Reading directly across from this 
point to the side scale will give the percentage of 
solids; directly down will give the percentage of 
moisture. 

This chart can be changed to one for a pulp 
having an ore of different specific gravity than 2.65. 
In that case let OA on OX represent this new spe¬ 
cific gravity in the same scale with OB. 
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HYDROMETALLURGICAL MACHINERY. 


THE DORR COMPANY. 


THE DORR COMPANY 


NEW YORK 

DENVER 

SCRANTON 


ENGINEERS 



MEXICO CITY 
LONDON, E. C. 
HAVANA 


Methods and Equipment for the Continuous, Mechanical Washing, Settling, 
Classification or Agitation of Finely Divided Solids Suspended in L^uids 


Experience and Organization 

For years this company has been intimately as¬ 
sociated with mining and metallurgical operations 
the world over. Dorr Equipment is the outgrowth 
of the fund of invaluable, first-hand information 
acquired by contact with the production and treat¬ 
ment of ores of eve^ character in every mining 
field. And Dorr Engineers, in constant touch with 
most modem practice, are continually working for 
improvements in methods and equipment to effect 
still greater operating economies. 

The Dorr Classifier 

For the mechanical classifying or separating of 
ground ores or other products; making close sep¬ 
arations at from 48 to 100 mesh, and regulating the 



Dorr Classifier, Model “C*’ 
(Patented) 


fineness of the product from grinding mills in 
closed circuit ^nding. It is used also for de¬ 
watering materials from i/4-inch to 100 mesh, and 
discharging them containing 15% to 30% moisture 
in condition for handling by belt conveyor. 

Model “C” Classifier is made in sizes from 16 
inches by 10 feet to 4^/2 feet by 26 feet. Model “D” 



Dorr Classifier, Model “D” 
(Patented) 


ranges from 6 to 8 feet in width and up to 26 feet 
in length. The capacity depends upon the size of 
the machine and upon the point at which separation 
is desired. Bulletin 11. 

The Dorr Bowl Classifier 

For two-stage classification particularly adapted 
for separations at from 100 to 350 mesh, where an 
absolutely clean sand is wanted or where it is de¬ 
sired to secure a finished product all 300 mesh or 
finer. Suited also where a relatively large overflow 
of fine solids is sought, in comparison to the raking 
capacity required for the sands. 

The Bowl Classifier, because of its closer separa¬ 
tion, is especially valuable for very fine closed cir¬ 
cuit classification. A bowl may be attached to any 
Model “C” or “D” Classifier, with an important im¬ 
provement in its capacity for separations at fine 
mesh. This type of Classifier has made possible 
the much finer grinding of low ^ade ores, with a 
considerable increase in the capacity of the grinding 
mills and the production of a very clean, leachable 
sand. 

In addition to giving cleaner products, the Bowl 
Classifier provides greater capacity per unit of 
floor space, and a lower capital and operating cost, 
than the standard Classifier of equivalent capacity. 
For dewatering large tonnages of granular ma¬ 
terial, such as mill tailings, it is unequaled. Bul¬ 
letin 11. 



Dorr Bowl Classifier 
(Patented) 


The Dorr Tray Thickener 

This improved machine provides a larger thick¬ 
ening, or settling, capacity ^r unit of floor space 
than any other device for a similar purpose. Units 
of two, three and four compartments are in suc¬ 
cessful use. The large reduction in floor space 
means an important saving in initial equipment ex¬ 
pense, building cost, power, up-keep and attendance. 
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THE DORR COMPANY. 


The Thickener is used in cyaniding, either 
with the Continuous Counter-Current Decantation 
System or for thickening ahead of filters. It has 
also found general adoption for dewatering ahead 
of tables or flotation cells, for collecting and de¬ 
watering concentrates, for recovering water from 
tailings, and'in leaching copper, electrolytic zinc, 
copper cinder and cement copper. 


Sizes up to 75 feet diameter. The capacity de¬ 
pends upon the physical nature of the material 
handled, but roughly from 6 to 25 square feet of 
tank area is needed per ton per 24 hours. Bul¬ 
letin 12. 
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Dorr Tray Thickener 
(Patented) 


The Dorr Agitator 

Has been generally adopted for agitating, 
mixing and equalizing pulp in many metallurgical 
and chemical processes, in which it has been 
found to produce uniform mixtures at lowest 
cost. It is iMssible to adjust the rapidity of agi¬ 
tation to suit the requirements of the material 
treated, thus giving perfect control at all times. 
Materials of 30 mesh and finer can be handled. 

The Dorr Agitator can be operated either con¬ 
tinuously or intermittently, but it is especially valu- 



Dorr Agitator 
(Patented) 


HYDROMETALLURGICAL MACHINERY. 

able in continuous operations, where an important 
saving both in plant and operating costs results. 
Continuous agitation has become the standard 
method in cyaniding, replacing the batch system 
prevalent a few years ago. 

Made in units up to 40 by 25 feet, with capaci¬ 
ties determined by the nature of the material 
handled. The power requirements are very low 
and the up-keep costs insignificant. Bulletin 10. 

The Dorr Washer 

A combination of a Dorr Classifier with a 
trommel at the lower end of the classifier tank. 
It was developed for the washing of iron ore too 
low-grade to be shipped and can be supplied in a 
number of sizes to meet various conditions. 

It is a complete, one-unit, self-contained washing 
plant, requiring the minimum of floor space and 
head room, and producing satisfactory results with 
a material saving in first cost, power, labor and up¬ 
keep. Bulletin 19. 



Dorr Washer 
(Patented) 


Continuous Counter-Current Decantation 

A system of washing finely divided solids free 
from the solutions in which they are suspended. 
It has come into general use in cyaniding in hun¬ 
dreds of plants, recovering over 99% of the gold and 
silver in solution at a cost varying from 3 to 6 cents 
per ton of ore treated. 

The Dorr Thickener made possible the first com¬ 
mercially successful continuous counter-current 
decantation plant in the United States. Since that 
time Dorr Equipment has been used in important 
plants of this type the world over. The company’s 
experience covers intimate contact with every de¬ 
velopment of this system and is at the service of 
all considering problems of this character. Bul¬ 
letin 15. 

Dorr Engineering 

Dorr Engineering Service offers the combined 
experience of the Dorr Technical Staff to all who 
are interested in the betterment of processes and 
lowering of costs. It makes available an intimate 
knowledge of mining and metallur^cal practice 
gained from contact with operations in every part 
of the world. 

The Dorr laboratories are equipped for research, 
development and tests in pound or ton lots. The 
Company has a fund of information available to 
interested parties, gleaned in every field where pro¬ 
cesses involving its own or similar equipment are 
used. 
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yQ0 HYDROMETALLURGICAL MACHINERY. 


COLORADO IRON WORKS CO. 


COLORADO IRON WORKS CO. 

Main Office and Works, DENVER, COLORADO 

Branch Office, 30 Church St., NEW YORK 

Ore Milling Machinery and Smelting Equipment, Since 1860 


Cyanide Plants 

l^cat^ in the heart of the Rocky Mountain 
mining district we have made the most of our op¬ 
portunity to follow the developments in ore treat¬ 
ment. 

We have not only kept fully abreast of aU the 
advancements in the Cyanide Process since it first 
^me into use in America, but have been leaders in 
its progress and have ourselves contribute in large 
measure to its present high state of eflBciency. 

We design, equip, and erect complete cyanide 
plants, and have many to our credit. Our per¬ 
sonnel includes metallurgists equipped with the 
knowledge and experience requisite for the deter¬ 
mination of the details of treatment best suited to 
the conditions, engineers skilled in design, and thor¬ 
oughly competent supervisors of erection. Only 
such a strong combination can assure the best re¬ 
sults as to cost of the plant, time of erection, and 
efficiency in operation. 

It will be to the interest of those considering the 
erection of cyanide plants to communicate with us. 


The Akins Classifier 

See description in the Mill Machinery section 
of tffis catalogue. 

Queen City Castings 

Of Manganese and Chrome Steel are proving 
equal to the best for the wearing parts of crushing 
and grinding machinery. Write us for prices. 


The Portland Filter 



The revolving drum filter has practically sup¬ 
planted all others for the final washing of slimes 
in the cyanide process and for dewatering dotation 
concentrates, by reason of its automatic and con¬ 
tinuous operation and 
low cost of labor, 
power, and up-keep. 

The Portland Fil¬ 
ter represents the 
highest development 
of the revolving 
drum filter, offering 
advantages over any 
other in facility of 
installation, substan¬ 
tial construction, and 
in a number of im¬ 
portant details which 
contribute to secure 
Hundreds of them are in 
small as well as large 


The Portland Filter 


better operating results, 
continuous operation, 
plants; many at altitudes exceeding 10,000 feet, 
and all giving the highest degree of satisfaction. 


in 


Every filter is set up complete in our shops and 
all parts plainly marked for easy erection at des¬ 
tination. 

In the Portland Filter a single series of pipes 
serves for both suction and pressure. This insures 
a very dry cake, as moisture would be blown back 
into the cake were separate pipes used. An econ¬ 
omy of vacuum and compressed air is also effected, 
as there is but half the dead space in the piping. 

The Portland patent valve is the simplest con¬ 
ceivable, and of extremely long life. Its construc¬ 
tion permits precise adjustment of the operation of 
each panel during the various parts of its cycle of 
revolution. One, two, or three filtrates may be col¬ 
lected at will. 

The Portland patent method of absolute panel 
sealing insures the maximum efficiency by sharp 
separation between suction and pressure. 

The Portland patent wire winding, securely fas¬ 
tened at intervals, precludes the possibility of the 
entire winding becoming snarled should a break of 
the wire occur, and eliminates the use of tacks and 
staples which cause early failure of the fabric. 

We build the Portland Filter in a large number 
of sizes so that all conditions can be met to the best 
of advantage. Our pamphlet 28-C, “Continuous 
Filtration with the Portland Filter” is very com¬ 
plete, giving much valuable information about this 
machine and about filtration in general. 

Diaphragm Pumps 

The Colorado Diaphragm Pump has a cross-head and 
guide, giving a truly vertical movement to the diaphragm. 

It has an eccentric, adjustable as to stroke, providing 
ready means for nicely regulating 
the amount of pulp delivered. 

It has a novel means of attach¬ 
ing the diaphragm, whereby a 
worn-out one can be removed and a 
new one inserted without even tak¬ 
ing off the belt. 

The valves are easily accessible 
and renewable when necessary. 

It is provided with tight and 
loose pulleys. 

The bolts used for attaching the 
diaphragm are hinge bolts from 
which the nuts need not be remov¬ 
ed, so that there is no chance of 
dropping nuts or bolts into a tank 
over which the pump may be placed. 

It is built of different sizes, 
simple and duplex. Diaphragm Pump 


POWSB DRZVSN DXAPKBAOM SITOTXON PUMPS 


Size 

Cu. In. 

Size 

Speed 

Weight 

Power 

No. 

per Stroke 

Pulleys 

R.P.M. 

Pounds 

H.P. 

3 

195 

18x3 

80 

800 


4 

285 

24x4 

30 

500 
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THE FILTER FABRICS COMPANY. 


FILTER CLOTH. 


THE FILTER FABRICS COMPANY 

FELT BUILDING, SALT LAKE CITY, UTAH 

FILTER CLOTH AND BAGS 


Products 

Filter Cloth in a Great Variety of Weaves. 
Filter Bags, Filter Covers (Filter Sacks), for 
Every Type of Filter. 

Flotation Porous Bottoms (sometimes termed 
Air Mats, Blankets, etc.) for Pneumatic Flo¬ 
tation Machines. 

Wool Fume Bags, Ducks, Cordage, Twines. 
Canvas worked up into any desired form. 

Carbon Preservative Coatings: 

C.P.P. Roof Coating (Graphite) for Shingles, 
Iron and Composition. 

C.P.P. Structural Iron (Graphite) Coating. 
C.P.P. Cement and Concrete Coating. 

C.P.P. Special Boiler and Stack Coating. 
C.P.P. Ship Bottom Coating. 

C.P.P. Black Diamond Coating, Acid and 
Alkali Proof. 

(For Wire Fences, Machinery, Structural 
Iron, Elevators. Dries in two hours). 

Carbon Preservative 


Filter Bags or Covers for Every Type of Filter: 
Filter bags made up for 
Kelly Filters 
Sweetland Filters 
American Filters, Etc. 

Filter covers made up to size ready for winding 
on drums for 

Oliver Filters 
Portland Filters, Etc. 

Special Filter Bags made up to order. 

Where bags are not necessary we furni: h cloth 
cut to the size ready for instant use. 



Write for Our Sample Book of Special Filter Fabric.*? 




“A Special Cloth for Every Fil¬ 
tration Purpose” Viz.: 

Dewatering Flotation Concen¬ 
trates. 

Washing and Filtering Cya¬ 
nide Slimes. 

Chemical Filtration. 

Oil Filtration. 

Industrial Filtration. 


Carbon Preservative can be used on any wood, 
metal or cement surface as a protection against any 
destructive agent—water, fire, acid, 
alkali, or insects. It is 
Impervious to gases. 

Prevents rust and decaying at¬ 
mospheric influences. 

Hydro-carbonizes all surfaces on 
which it is applied. 

Greatly retards electrolysis. 

Is not affected by 
heat, cold, sunshine, or moisture. 

Acid, Alkali, Insect and Fire¬ 
proof. 

It will not peel off or crack, 
and is elastic. 

It hardens to a glossy, vamish- 
like finish that makes an attract¬ 
ive surface. 


Miscellaneous 

Cloths cut to size for Plate and Frame Filters. 
(Specify size or furnish template). 

Canvas Bottoms, Cocoa Matting, Burlap fur¬ 
nished in any weight and shape. 

Special Service 

We are specialists in the field of filtration. We 
shall be pleased to suggest the best kind of cloth 
for your filtration problem. 


Sugar Filtration. 


Making Up Flotation Porous Bottoms. A Corner in the Factory of 
The Filter Fabrics Company 
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YQg ROTARY FILTER. _ EMIL E. LUNGWITZ, 

EMIL E. LUNGWITZ 

90 West Street, NEW YORK, N. Y. 

Exclusive Licensee for Haubold Selfunloading, Rotary Pressure Filter in United States, Its Territories and 

Dependencies, Canada and Mexico 

CHICAGO OFFICE—10 SO. LA SALLE STREET 

Cable Address: Witzlung—New York 

Codes Used: Bentley, Western Union 5 letter edition and A. B. C. 5th Edition 


Haubold Selfunloading Rotary Pressure Filter 


Construction 

Simple, compact and self-contained. 
Made of metal to suit all conditions. 
Small floor space. 

Small power required. 

No Filter cloth. 

Discharged product the dryest ever. 


No complicated pipe or valve system. 

No pressure or vacuum pumps or compressors 
are required. 

Unrivalled washing effect. 

Excellently adapted for “step” washing. 
Little or no human labor. 



SPECIFICATIONS 


Size of 
Drum, 
Inches 

Rev. 

1 

Safe 
Load. 1 
Lbs. 

Drumrlngr 

1 Power Required 

Size of 

1 Charges 

1 per 
Hour 

Capacity 
Cu Ft 

Total 
Height, 1 
Inches 

^loor 

Space 


Minute 

Icontents 
[in Cu. Ft. 

[Thickness 

1 in Inches 

To Start 

Full Speed 

Inches 

per Hour 

Required, 

Inches 

Lbs. 

36x16 

700 

300 

3 

3.16 

9 

1.6 

j lOx 4 

■» 

30 

63 

62x 63 

3600 

48x16 

600 

660 

4.6 

4.76 

12 

2.6 

16x 5.5 

8 

44 

67 

68 x 71 

6600 

60x16 

660 

770 

9 

6 

18 

4 

20 x 6 

6 

54 

78 

76x 80 

8600 

79x20 

600 

1100 

19 

8 

40 

7 

24x 8 

6 

100 

98 

82x106 

14000 

97x30 

400 

2700 

46 

10 

80 

10 

32x10 

4 

180 

122 

124x124 

30000 
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UNITED FILTERS CORPORATION. 


FILTERING EQUIPMENT. 


102 


UNITED FILTERS CORPORATION 

HAZLETON, PA. 

Branches in New York, Chicago, Salt Lake City, Los Angeles 


Cable Address 
“UNIFILTER” New York 


Codes Used 

Bentleys; Western Union 5-Letter 


Manufacturers of Industrial Filters and Filter Presses 


Products 

American Continuous Filter. 

Sweetland and Kelly Pressure Filters. 

United Filter Press. 

Metallic Filter Cloth, Cotton Filter Cloth. 

The American Continuous Filter 

Vacuum Type. 

Automatic and Continuous Operation. 

Disc Design. 

Special Construction for Acid Problems. 

Cake Washing Mechanism. 

Belt or Individual Motor Drive. 

Metal Mining Applications 

Dewatering cyanide slimes, oil flotation, copper, 
zinc, lead and silver concentrates. Particularly 
adapted to electrometallurgical work. 

American Filter Features 

The disc arrangement of the Altering elements 
gives much greater Alter area and capacity per unit 
of floor space than any other type of continuous 
filter, and the subdivision of the discs into small 
filtering units or sectors permits an entire or par¬ 
tial change of cloth to be quickly made. Large 
vacuum passage ways and a thorough cleaning of 
cloth every rotation of discs insure a high rate 
of filtration. Ample drainage of sectors assures 
driest possible cake. 


TABU or AMBBICAH OOVTINVOIIB PIBTBX 8IBB8 


Diam. of 
Dls<? 

No. of 
Discs 

Area 

Sq. Ft. 

1 Diam. of 

1 Disc 

No. of 
Discs 

Area 

Sq. Ft 

4' 

1 

22 

6' 

5 

250 

4' 

2 

44 

6' 

6 

300 

4' 

3 

66 

8' 

2 

200 

4' 

4 

88 

8' 

3 

300 

6' 

2 • 

100 

8' 

4 

400 

6' 

3 

150 

8' 

5 

500 

6' 

4 

200 

8' 

6 

600 


American Filter Disc 

and Shaft Section American Continuous Filter 

The Sweetland Filter 
Pressure Type. 

Automatic Discharge. 

Leaf Filtering Elements. 

Sight Glass Filtrate Outlets. 

Cast Iron Body Construction. 

Special Construction for Acid Problems. 

Metal Mining Application 

Clarification of leaching or other metallurgical 
solutions containing small percentage of suspended 
solids. Recovery of finely divided metallic copper, 
etc., from waste waters resulting from leaching 
operations. Clarification of electrolyte solutions. 
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Sweetland Filter Features 

The Sweetland Filter has only one body joint 
and this is perfectly tight under operating condi¬ 
tions, thereby eliminating the sloppy filter station. 
A quick locking device enables the filter to be 
opened or closed readily. Filter leaves are inter¬ 
changeable, easily handled and can be quickly re¬ 
covered with cloth. An internal sluicing arrange¬ 
ment makes it possible to remove solids which 
adhere closely to the filter cloth and also to dis¬ 
charge cake without opening filter where a wet 
discharge is permissible. Filtrate from each leaf 
passes through a sight glass. Design is adapted 
to the use of metallic filter cloth. 


TABU or IWBBTUHD nBTU SIBE8 


Filter 

No. 

Diam. 

Inches 

Length 

Inches 

Filter 

Area Square Feet 

2 " Leaf 
Centers 

S'' Leaf 
Centers 

1 4" Leaf 

1 Centers 

2 

1 16 

1 36.5 

1 46 

31 

1 24 

5 

25 

61 

190 

131 

98 

7 

25 

' 82 

268 

177 

131 

10 

1 31 

109 

1 536 

364 

1 273 

12 

37 

1_ 

145 1 

1_ 

1030 

1 

695 1 

!_ 

522 

1 



Sweetland Filter tlnited Filter Press 


The United FUter Press 

Plate and Frame, and Recessed Plate Types. 
Comer, Center and Side Feeds. 

Open or Closed Delivery. 

Single, Double and Non-Washing T3T)es. 

Iron or Wooden Construction. 

United Filter Press Features 

The advantages of United Filter Presses rest 
upon good design, and substantial and accurate 
construction. Plates and frames are made of ample 
strength with liberal joint surfaces and large inlet 
and outlet ports. The plates for iron presses have 
reinforced p3n:amid drainage surfaces combining 
stren^h with maximum drainage efficiency. Filter 
cloth is supported so as to reduce wear. 

Wooden presses are made from carefully se¬ 
lected and seasoned material. 


TUU or VBITED riBTEB FBES8 8IBB8 


Size 

No. of 
Cham¬ 
bers 

Area 

Sq. Ft 

Size 

No. of 
Cham¬ 
bers 

Area 

Sq. Ft 

18"X18" 

12 

47 

30"x30" 

24 

267 


18 

70 


30 

333 


24 

94 


36 

400 


30 

117 


^ 48 

534 

24"x"24 

24 

170 

36"x36" 

36 

586 


30 

212 


42 

683 


36 

255 


48 

781 


42 

297 


60 

976 
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71Q LEAD LINED PIPE AND FITTINGS. 


UNITED LEAD COMPANY. 


UNITED LEAD COMPANY 

111 Broadway, NEW YORK. N. Y. 

^^Unitcd^^ Lined Products 



“United” Lined Products 

Chemical Lead Tube Lined Steel Pipe; Chemical 
Lead Lined Cast Iron Fitting; Chemical Lead 
Lined Cast Iron Valves; Chemical Lead Lined and 
Covered Bore Hole Stubs; Chemical Lead Lined 
and Covered Suction Pipes; Chemical Lead Lined 
Foot Elbows; Chemical Lead Lined Wood to Iron 
Pipe Fittings; Chemical Hard Lead Foot Valves 
and Strainers; Chemical Lead Lined Check Valves; 
Chemical Hard Lead Centrifugal Acid Pumps; 
Chemical Hard Lead Plug Bibbs and Cocks. 

Also all kinds of Chemical Lead Covered, 
Coated and Lined Sheets, Bars, Tubes, Special 
Apparatus. 

Advantages of “United” Products 

A large percentage of the ores of the valuable 
metals which are mined, especially those of copper, 
lead and zinc, contain these metals and other less 
valuable metals, such as iron, in the form of sul¬ 
phides. Under certain conditions these sulphides 
readily oxidize, forming sulphuric acid and various 
chemical salts. The sulphuric acid and salts, when 
dissolved in the mine water, make solutions which 
are highly corrosive to iron and steel materials. This 
necessitates the use of non-corrosive installations. 


“United” Flanged Chemical Lead Tube Lined Pipe and Fittings 


“United” Chemical Hard Lead Lined “Y” 
Pattern Plug and Seat Type Acid Valve 


ditions, as it is practically impossible to secure tight 
connections with the use of screwed material owing 
to the searching nature of acids. 

In making up flanged pipe the bonded lead lining 
is turned over the face of the recessed flange which 
gives a perfect lead to lead joint. 

All “United” flanged pipe and flanged fittings 
are standard, faced and drilled to A.S.M.E. stand¬ 
ard, unless otherwise specified. Flanged Lead Lined 
Pipe is cut and made up to sketch or blue print. 


“United” Chemical Hard Lead Lined Acid Valves 

“United” Chemical Hard Lead 
Lined Valves are heavily lined 
throughout with Chemical 
Hard LEAD and being con¬ 
structed of iron, 
the lining, offer the acid 
resisting qualities 
of chemical 
lead, with the 
strength of the 
cast iron valve. 


There are also a number of processes used in 
this field which involve the handling of extremely 
corrosive solutions, etc., which conditions call for 
acid resisting equipment. 

For this work “United” products offer the fol¬ 
lowing advantages: 

Protection against acid mine waters and cor¬ 
rosive solutions. 

Ease and rapidity of installation. 

Strength and durability. 

Low cost of maintenance. 

^TJnited” Chemical Lead Tube Lined Pipe 

“United” Chemical Lead Tube Lined Wrought 
Steel Pipe is lined with a seamless chemical lead 
tube inseparably bonded to the steel. This is the 
only method which gives a uniform lead lining free 
from pin, blow holes, etc. 

“United” Chemical Lead Tube Lined Flanged Pipe 
and Fittings 

“United” Chemical Lead Tube Lined Flanged 
Steel Pipe and Fittings are particularly adapted for 
use in contact with acidulous waters and acids. 
Flanged material is always advisable for such con¬ 


The flanges, to offer ad¬ 
ditional strength, are made 
extra strong. 


These valves are made in 
all required sizes and styles; 
Globe, Gate, Angle, “Y” Pat¬ 
tern or Free Flow Type. 


Your particular attention 
is called to the new “United” 
Wedge Type Gate Valve, 
which is the most efficient of 
any acid gate valve and 
is positively tight when 
closed. 


“United” Acid Valves can 
be furnished where required, 
with soft or hard rubber 
disc. 



United Chemical Hard 
Lead Lined Wedge 
Type Gate Pattern 
Acid Valve 
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UNITED LEAD COMPANY. 


LEAD LINED PIPE AND FITTINGS, 


‘^United” Chemical Hard Lead Foot Valves 

“United” Chemical Hard Lead Foot Valves, as 
illustrated below, are made of cast Chemical Hard 



“United** Acid-Proof Metal Foot Valve 


Lead. These valves are heavily built throughout 
and are of simple and durable design. 

‘TJnited” Chemical Hard Lead Lined Check Valves 

We also manufacture, in all sizes, “United” 
Chemical Hard Lead Lined Flanged Check Valves. 
These are constructed of cast iron, and therefore 
offer the strength of the cast iron valve and are 
lined throughout with the best grade of chemical 
hard lead, which gives them their acid resisting 
qualities. 


“United” Chemical Hard Lead Centrifugal Acid 
Pumps 

“United” Acid Pumps are made of Chemical 
Hard Lead, with heavy reinforcing ribs cast on 
the shell or casing. 

All parts coming in contact with acid or other 
corrosive chemicals are thoroughly protected. 


TP 



“United** Chemical Hard Lead Centrlfugral Acid Pump 
Furnished for Belt or Direct Drive 


“United” Acid Pumps are extra strong for 
heavy service and durability. They, in addition, 
possess the following essental features: 

Self-lubricating, with large internal grease 
gland supplied by acid-proof compression grease 
cup. Outside bearings are self-oiling and the front 
pillow block is equipped with self-aligning thrust 
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bearings with thrusts running in oil and properly 
housed. 

They are equipped with our specially con¬ 
structed Leak-Proof Stuffing Box and Packing. 


‘^United” Twin Chemical Hard Lead Centrifugal 
Acid Pump 


“United” Pumps are also made in twin or multi¬ 
stage patterns, for operating against greater heads 
than the single pump can successfully negotiate. 



‘TTnited’* Hard Lead Centrlfugral Twin Acid Pump 
Furnished for Belt or Direct Drive 


‘^United” Chemical Lead Covered Products 

In addition to the foregoing we are in a position 
to furnish a complete line of chemical lead covered 
sheets, tubes and bars of steel, copper or brass, 
suitable for various uses in the construction of 
copper, zinc leaching and refining plants. This 
covering is put on in the same way as the linings 
and gives the same satisfactory service. 

For such cases where a high grade covering is 
not necessa^, as when subjected to fumes only, 
we can furnish lead coated material. This coating 
is approximately .0025 of an inch in thickness and 
must not be confused with our covering. It does, 
however, protect overhead construction from cor¬ 
rosive fumes, etc. 


Co-Operative Service 

Our Engineering Department is prepared to 
offer its services to any mining company having 
acid water problems to solve. 

If blue prints or sketches are submitted to us, 
we will be pleased to offer suggestions in detail as 
to the most economical and satisfactory use of 
“United” Lined Products. 

Prices and samples will be sent to interested 
parties upon request. 

ALL “UNITED” LINED PRODUCTS ARE 
ABSOLUTELY GUARANTEED. 

A copy of Our Catalog should be in your posses¬ 
sion. Write for it. 
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712 TANKS. 


W. E. CALDWELL CO. 


W. E. CALDWELL CO. 

IVCOXPOBATES 

2360 Brook Street, LOUISVILLE, KY. 

Manufacturers of Tanks and Tank Towers 


Products 

Wood, steel and galvanized tanks, any thbtankwitha 
shape or size, for any purpose; tubular, rbputation 
angle or channel column steel and wood 
towers; railroad tank fixtures; tank agi¬ 
tators; friction clutches and pulleys; 
gearing and general power transmission 
machinery. 

Wooden Tanks 

■ For thirty-five years we have been making high- 
grade wooden tanks for water and other purposes. 

We have always specialized in Cypress and we have 
found it to be the most durable 
wood for tank purposes in all 
parts of the world. In addition 
to its durability it possesses a 
minimum of shrinkage and swell¬ 
ing and gives no taste or coloring 
to the contents of the tank. Re¬ 
cently we have been using Fir, 
as we have found that it pos¬ 
sesses a great many of the quali¬ 
ties of Cypress and costs consid¬ 
erably less. We also use Yellow 
and White Pine and White Cedar to a limited extent. 
Wooden tanks can be made in any size and shape 
and for any purpose. The careful selection of ma¬ 
terials, design and workmanship are the reasons 
for Caldwell tanks being known the world over as 
“The Tank With a Reputation.” 

Specifications 

Lumber to be thoroughly dry, without loose or unsound 
knots, splits, shakes, pecks, w'ormholes or other defects all 
heart on inside; sound sap on outside, and then not to exceed 
one-half of the thickness of stave. 

THICKNESS—2 inch for 10,000 gallons or less; 2% inches 
up to 20,000 gallons; 3 inches for larger sizes. Finished thick¬ 
nesses to be ^ inch less than above. 

STANDARD INSIDE DIAMETERS—ROUND TANKS—Are 
every 6 inches from 3 to 9 feet; every foot to 16 feet; and every 
2 feet above 16 feet. 

STANDARD INSIDE DEPTHS OP ROUND TANKS—^Are 
1 ft. 5 in.; 2 ft.; 2 ft. 5 In.; 3 ft.; 3 ft. 5 in.: 4 ft.; 4 ft. 5 in.r 
5 ft.; 5 ft. 5 in.; 6 ft.; 6 ft. 5 in.; 7 ft. 6 in.; 9 ft. 6 in.; 11 ft. 5 
in.; 13 ft. 5 in.; 15 ft. 4 in.; 17 ft. 4 in.; 19 ft. 4 in.; 21 ft. 4 in.; 
and 23 ft. 4 in. 

FINISH—Staves to be dressed both sides with edges ma¬ 
chine jointed to proper bevel. Bottom dressed on top side only 
with edges machine jointed and 
square and well doweled. 

HOOPS—Round hoops of .wrought 
iron (not steel) with malleable iron 
draw lugs; sizes and spacing to give 
a factor of safety of 4 to 1 or greater 
if required. 

INSIDE DIMENSIONS OP REC¬ 
TANGULAR TANKS—There are so 
many possible sizes of these tanks 
that we do not attempt to list them. 

Standard lengths of lumber are in 
even feet and for economy inside 
length dimensions should be about 1 
foot less or in odd feet. The width 
and depth, of course, can be varied 
to suit. 

INTERIORS—Tanks can be fitted 
with partitions, false bottoms, etc., 
and lined with lead, copper or such 
other lining as may be required. Rods 
can be furnished in brass, copper, 
bronze, galvanized, lead covered or 
Durion as required. Agitators for 
either hand or power can also bo 
furnished. 

Our Research Department will bo 
glad to go into any special problem 
with you. 
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steel Tanks 

Caldwell Tanks were originally made 
only of wood but later on the manufac¬ 
ture of steel tanks was taken up. These 
steel tanks, in the larger sizes, are being 
more and more extensively 
towers used and the Hemispherical 
bottom tank is as inexpensive 
in first cost as the wooden tank. Thin 
galvanized tanks are recommended only 
in the smaller sizes and for intermit¬ 
tent or temporary use. Heavy steel 
tanks can be furnished in any size or 
shape. 

SPECIFICATIONS—Standard diameters and 
depths are in even feet while thicknesses are 
%-inch for 10 ft. and less; ^ up to 16 ft.; 

*/4-inch up to 24 ft.; and A-inch above 24 ft. 

steel tanks can be furnished set up, 
in the smaller sizes; or knocked down, 
punched, fitted and bent to shape, with 
the necessary rivets in the larger sizes. 

Tank Foundations 

Realizing to what an extent the success of a tank 
depends on its foundation, we have made a careful 
study of tank foundations and have developed a 
series of standard designs which are not only of the 
proper strength but also use the minimum of 
material. 

Tank Towers 

In a great many cases it is necessary to use a 
tower to secure sufficient pressure, and for this 
purpose we build three types of towers, each having 
its own advantages. 

Tubular Towers are built of tubular steel col¬ 
umns and struts in all sizes from 15 to 100 feet in 
12-foot sections; and to hold tanks of 100,000 gal¬ 
lons and less. 

Angle Towers are built of heavy angle columns 
and struts in all sizes from 12 to 102 ft. in 10-ft. sec¬ 
tions ; and to hold tanks of 25,000 gallons and less. 

Latticed Towers are built of laced steel columns 
and channel struts (bridge construction) in heights 
of 20 feet and up in 5-foot intervals; and to hold 
wooden tanks of 100,000 gallons and less; and steel 
tanks of any capacity with either flat or hemispheri¬ 
cal bottoms. 


Dimensions and Capacltteg of Standard TowT T^i»w 


Capacity 

Gals. 

Wooden 

Diameter 

Ft. In. 

Tanks 

Depth 

Ft. In. 

Steel or Galvanized 
Tanks 

Diameter Depth 

Feet Feet 

1,000 

6 

6 

4 

5 

6 

5 

1,500 

6 

6 

6 

5 

6 

6 

2,800 

8 

0 

7 

5 

8 

7 

3.000 

8 

0 

8 

5 

8 

8 

5.000 

10 

0 

9 

5 

10 

8 

G.OOO 

10 

0 

11 

5 

10 

10 

10,000 

12 

6 

11 

5 

12 

12 

12.000 

12 

6 

13 

5 

12 

14 

15.000 

14 

0 

13 

5 

14 

14 

17,000 

14 

0 

15 

5 

14 

16 

20,000 1 

16 

0 

13 

5 

16 

14 

22.000 1 

16 

0 

15 

5 

16 

16 

25.000 1 

16 

0 

17 

4 

16 

18 

30,000 1 

18 

0 

15 

4 

18 

16 

3 3.000 1 

18 

0 

17 

4 

18 

18 

35.000 

18 

0 

19 

4 

18 

20 

30,000 

19 

6 

17 

4 

20 

16 

40,000 

1 19 

6 

19 

4 

20 

18 

50.000 1 

1 22 

0 

17 

4 

22 

18 

55.000 1 

2 2 

0 

19 

4 

22 

20 


MINING CATALOG 






Digitized by ^ooQie 




NATIONAL TANK & PIPE COMPANY. 


WOOD TANKS. 


NATIONAL TANK & PIPE COMPANY 

165 Columbia Boulevard, PORTLAND, OREGON 

WOOD PRODUCTS 

Tanks, Reduction Plants, Cross Arms, Silos, Specialties 


Products 


Delivery 



TANKS, including Mining Tanks, Acid Tanks, 
Pulp Tanks, Conical Bottom Tanks, Thickener 
Tanks, Agitating Tanks, Zinc '' 

Boxes, Flotation Tanks, Acid Tow- ’ 
ers. Car Tanks, Water Tanks, Oil 
Tanks, Railroad Tanks, 

Rectangular Tanks. 


Large and varied stock on hand assures prompt 
delivery of any order. 

Shipping FacUities 

Five Transcontinental Railroads. Water trans¬ 
portation to any port. 


Manufacturing Facilities 

Our factory, covering 12 acres at Portland, 
Ore., is one of the largest factories in the United 
States specializing in Tanks, Silos and Cross Arms. 
Our Engineering Department is thoroughly com¬ 
petent to solve any tank problems submitted. 



Cyanide Plants—^Leaching and Agitating 
Plants Complete 

ACCESSORIES (Cyanide Plant) such 
as Discharge Doors, Zinc Lathes, Distribu¬ 
tors, Classifiers, Cast Iron Drying Pans, 

Pipe, Fittings, etc. 

CROSS ARMS for carrying over-head 
wires such as Telephone, Telegraph, Power 
Lines, etc. 

SILOS for curing and storing silage. 

WOOD TANKS. Douglas Fir or Cali¬ 
fornia Redwood thoroughly seasoned. 
Diameters 1 ft. to 100 ft.; height 1 ft. to 50 
ft.; thickness of material up to 6 in. Hoop¬ 
ing standard round rolled mild steel bands. Special 
hooping either fiat or round steel, as desired. 


View of Factory 


Headed Pressure Tanks 

Equipped with steel or wood buck stays. Oil 
Tanks either plain or with" patent non-shrinking 
devices. Other tanks plain or patent, as desired. 



Patented Water Tank 



Rectangular Tanks of All Sizes for Any Purpose 


Mill Department 

Specializing in kiln dried finish, flooring, pump 
rods, ceiling, special timbers, etc. Dimension or 
finish run to special patterns. 
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THE PACIFIC LUMBER COMPANY. 


REDWOOD FOR TANKS. 


THE PACIFIC LUMBER COMPANY 

Main Office 

311 California St., SAN FRANCISCO, CAL. 

Mills at Branch Office 

Scotia, Humboldt County, California Central Bldg., 6th & Main Sts., Los Angeles, Cal. 

THE PACIFIC LUMBER COMPANY OF ILLINOIS 

Mid-Western and Eastern Distributors 

Main Office, 2098 McCormick Bldg., Chicago, Ill. 


Branch Office, 40 Rector St. Bldg., New York City, N. Y. 

EXPORT COMPANY—A. F. THANE & CO. 

San Francisco, Cal.—311 California St. New York City, N. Y.—40 Rector St. Bldg. 


Manufacturers of Redwood Lumber for. Tanks 


Product 

California Redwood —a non-resinous, soft wood, 
permeated during growth with an odorless natural 
preservative. An ideal material for tank staves 
and bottoms. Resists acid action, rot and fire. 

Metal Mining Uses For Redwood 

Solution Tanks Acid Tanks 

Leaching Tanks Settling Tanks 

Sump Tanks Vacuum Clean-Up 

Gold Storage Tanks Tanks 

Wood Precipitation Water Tanks 

Boxes Oil Tanks 

Agitating Tanks Flotation Cells 

Qualities of Redwood For Tanks 

Long experience has proved to thousands of 
satisfied users, that California Redwood (Sequoia 
Sempervirens) is the best obtainable material for 
tanks. The trees from which the lumber is cut 
range in age from 600 to 2000 years. These Red¬ 
wood forests belong to an entirely different geologi¬ 
cal period from the growth upon any other portion 
of the continent. There is no similar wood found 
in any part of the world. 



Redwood Tanks Resist Adverse Climate Conditions 
Colorado Mining: Company, Philippine Islands 
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Redwood contains a natural preservative which 
makes it impervious to the destructive action of 
acids and alkalis. It resists decay so well that 
trees which have lain five hundred years in the 
forests have been sent to the mill and sawed into 
lumber. For engineering purposes in contact with 
ground or moisture. Redwood can be depended upon 
to maintain its full strength and service from 15 
years upward. 

Seasoned Redwood is one of the strongest woods 
for its weight. It is soft and yet strong enough to 
resist the most severe stresses. Its breaking 
strength according to the U. S. Government figures 
is 62 per cent, that of White Oak, which is probably 
the strongest and toughest of American woods. 
Redwood actually grows stronger with age. 



Redwood Tanks After Withstanding Severe Fires 


These remarkable trees contain no pitch nor 
resinous matter and the wood is very difficult to 
ignite and very slow burning even when dry. Here 
is what a noted Fire Chief after more than 22 years 
in the San Francisco Fire Department says: “Under 
similar conditions of heat exposure Redwood lum¬ 
ber ignites much less quickly and bums much 
slower than resinous soft building wood, and I am 
also convinced that when Redwood becomes ignited 
the fire is much more easily extinguished than 
other soft building woods.” 
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THE PACIFIC LUMBER COMPANY, 


REDWOOD FOR TANKS. ^ 


When properly seasoned Redwood shrinks less 
than any other wood, is not affected by changes in 
temperature and does not warp. 

The grain in Redwood is straight and it may be 
procured in large pieces absolutely free from knots, 
splits or other imperfections. 

Redwood is particularly adapted to all kinds of 
tanks, and is used for water tanks, cyanide plants, 
and acid tanks. Following are eight good reasons 
for using Redwood Tanks: 

1. They are preserved by water and not rusted 
or corroded by it. 

2. They are not corroded by sulphur or min¬ 
eral water and fumes. 

3. They are not destroyed by reasonably strong 
solutions of acids or salts. 

4. It requires less labor and expense to erect 
them than metal tanks. 

5. They are cheaper than steel or galvanized 
iron tanks. 

6. Their durability exceeds either steel or gal¬ 
vanized iron. 

7. They keep water cooler in summer and 
warmer in winter. 

8. They are easily taken down and reassem¬ 
ble! at another point, which is not practical in the 
case of metal tanks. 



50 X 12 Ft. Copper Leaching Tanks of Redwood 
In the Anaconda Copper Mining Com¬ 
pany’s Plant, Anaconda, Mont. 


Redwood Tanks 

Redwood makes a superior stave for tanks. 



Nine Wood-Stave Pachuca Agitation Tanks, 15 ft. Diameter 
by 45 ft. High, Installed in Large Cyanide Plant in Nevada 

Redwood is a non-conductor of heat and cold; 
2 in. of Redwood is equivalent in insulating power to 


approximately 30 in. of steel or concrete. This is 
an element of high importance in the stave for this 
use because it preserves the temperature of the 
contents of the tank. 

Redwood staves are made from clear heart 
straight-grain stock, and come in standard sets of 
6 to 9 ft. and 10 to 20 ft. in length. 

Redwood’s long life and its resistance to decay 
or corrosive acids and alkalis make it extremely 
valuable for tanks. Redwood tanks can han^e 
muriatic acid solutions up to 6%, and up to 28% 
of nitrohydrochloric acid. 

Redwood tanks are used at nietal mines, 
where strong solutions of destructive acids are 
necessary in refining processes, or where the tank 
is called upon not only to stand up under years of 
service, but remain unaffected by the contents. 

Redwood tanks will resist fire, are not injured 
or affected by arid climates or extremes of tem¬ 
perature. Redwood wears evenly under all sorts 
of service. 

What Mining Companies Say About Redwood Tanks 

Homestake Mining Co., Lead, South Dakota 

We have 16 Redwood Tanks 44 feet in diameter by 9 feet 
deep, which have been in continuous service with alkaline 
solution for 16 years and they are in first class condition. 
We regard them as the best and will continue to put in 
Redwood for all new construction of this character. 

Mineral Products Corp., Marysvale, Utah 

Replying to your inquiry regarding the service given by 
Redwood tanks wish to advise you that we have a great 
number of these tanks in operation at our plant and they 
give most excellent service. In fact we consider them to be 
without exception the very best tank material. They are 
of especial value in handling solutions of an acid nature. 

Tonopah Extension Mining Co., Tonopah, Nevada 

We have a number of Redwood tanks installed here and 
they have given perfect satisfaction. 

Arizona Copper Co., Ltd., Clifton, Arizona 

The several Redwood tanks have given us entire satis¬ 
faction. 

Nevada Hills Mining Co., Fairview, Nevada 

The tanks have been in constant use since installation, 
April 17th, 1911, and have at all times given greatest 
:atisf action. 

Engels Copper Mining Co., Keddie, California 

We have considerable experience with the use of Red¬ 
wood, both in Tanks and in Pipe, and in both cases same has 
proved far more successful than any other kind of wood. 
There seems to be absolutely no decay to the wood and 
they give evidence of lasting a life-time. 

Winnemucca Mountain Mining Co., Winnemucca, Nevada 
We are using Redwood tanks both for acid and saline 
solutions with the very best results. 

Nevada Douglas Cons. Copper Co., Ludwig, Nevada 

We can truly say that REDWOOD is far superior to any 
other wood for tardc use. \ 

Colorado Mining Co., Manila, P. 1. | 

All the wooden tanks installed in our Cyanide Plant lo¬ 
cated in the Philippine Islands have proved themselves satis¬ 
factory in every way. * ; 

Jewel Denero Mines Co.. Ltd., Greenwood. B. C , Canada 

We take great pleasure in stating that every tank has 
given entire satisfaction. /Wo have used a number of tanks 
in New Zealand and found that they gave the same results. 
They are ideal for cyanide mill work. 

Giant Powder Co.. Giant. California 

During the year 1915 we had erected 4-100,000 gallon 
Redwood tanks here at Giant. California. They have been 
thoroughly satisfactory and we have no reason to regret 
placing our order. 
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^20 REDWOOD FOR TANKS. 


THE PACIFIC LUMBER COMPANY. 


Mills, Facilities and Capacity 

The Pacific Lumber Company is the largest 
manufacturer and distributor of Redwood lumber. 
Our annual production capacity is now over 125,- 
000,000 ft. of Redwood. 



Redwood Tanks on the Desert. 75-Ton Cyanide Plant of 
the Assets Realizing: Mines Corp. at Blythe Junction, Cal. 


Owning many thousands of acres of the finest 
Redwood timber lands in Humboldt County, Cal., 
together with two large saw mills and planing mills 
located in Scotia, California, The Pacific Lumber 
Company further enhances its production facilities 
by owning all the commercial, housing and recrea¬ 
tional buildings in the town of Scotia, in which the 
employees live. 

It has exclusive use of the Leaver drying kilns, 
invented and constructed by an officer of the com¬ 
pany to assist nature in drying Redwood for indus¬ 
trial use, at the same time not disturbing the 
the natural preservative that permeates Redwood. 

Stocks and Shipments 

Sawed and seasoned Redwood lumber of all sizes 
is continually carried in stodc at the mills at Scotia 
—usually this stock approximates 75,000,000 ft. 
Production and shipping are facilitated by an elec¬ 
tric overhead monorail system, which operates 
throughout the mills, yards and shipping houses. 

Direct rail shipments to the Middle West and 
East are now made via the Northwestern Pacific 
Railroad, whose tracks adjoin the mills. 



Eureka Hill Mining Company, Yankee, Utah. Redwood 
Tanks in Foreground 


NOTE—The photographs in these pages and page 527 are pu 


A large stock of Redwood is also carried at our 
“quick shipment” depot, in Chicago, to supply mid¬ 
dle west and eastern demands where time is a 
factor. Shipments can be made from Chicago, 
either in carload or less than carload lots. 

Sales Offices 

Sales in the territory west of the Rocky Moun¬ 
tains are made from The Pacific Lumber Company’s 
San Francisco office, 311 California street. A 
branch sales office is located in the Central Building, 
6th and Main streets, Los Angeles. 



Works of the Mountain Copper Co., Martinez. Cal., 
Showing five 26' x 6'4" Redwood Stave Tanks 


All sales in the territory east of the Rockies 
are made by The Pacific Lumber Company of 
Illinois. 

Its general offices are in Chicago, in the Mc¬ 
Cormick Building, 332 South Michigan avenue. 

The Atlantic Coast territory is handled through 
the New York Office, in the 40 Rector St. Bldg. 

All of our offices are prepared to consult with 
any lumber user concerning his needs, and to advise 
as to the suitability of Redwood and its economical 
use. 

If interested in the adaptability of Redwood for 
your requirements, we shall be glad to give full in¬ 
formation and advice without obligation on your 
part. 



Pittsburg Silver Peak Mill, Blair, Nevada, 26 x 24-foot 
Redwood Tanks Installed 


blished through the courtesy of the Pacific Tank St Pipe Company. 
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^THE FOLLOWING MANUFACTURERS and DEALERS ^ 
ARE REPRESENTED IN THIS SECTION'S 


Allis-Chalmcrs Mfg. Co. 

American Abrasive Metals Co. 

Bartlett, C. O. 0 Snow Co., The 
Dwight Lloyd Sintering Co., Inc. 

General Chemical Co. 

Ruggles-Coles Engineering Co. 

Stearns-Roger Mfg. Co., The 
Stroud, E. H. Co. 

Wiederboldt Construction Co. 

Winslow Government Standard Scale Works, Inc. 
Worthington Pump and Machinery Corporation. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
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SMELTING TREATISE. 


SOME ESSENTIALS FOR SUCCESS 
IN PYRITIC SMELTING' 


The oxidizing charges which were formerly fed 
to copper blast furnaces are no longer common; 
changes in ore supply and advances in smelting 
practice have made the furnace an oxidizer instead 
of a reducer, and at times, under favorable condi¬ 
tions, a powerful one. Nearly all blast-furnace op¬ 
erators have to oxidize some iron, and many, with a 
thought for their converter departments, would like 
to do more of it. 

The extent to which oxidation can be carried is 
influenced by many factors, chief of which are the 
relation of sulphide iron to the free silica on the 
charge, the nature of the gangue, and the amount of 
oxygen supplied by the blast. Best results, mean¬ 
ing high concentration and low coke, follow the use 
of pure materials such as heavy sulphide ore and 
quartz, or low-grade matte and quartz; but whether 
coarse Tennessee pyrrhotite and pure, lump quartz 
is smelted with 3 per cent of coke, oxidizing 90 per 
cent of the iron, or Sudbury pyrrhotite in a norite 
gangue is smelted with 10 per cent of coke, oxidiz¬ 
ing only 35 per cent of the sulphide iron, the pyritic 
effect is equally desirable. In one operation the 
charge favors oxidation; in the other it is ham¬ 
pered by a refractory gangue and a high percentage 
of coke. 

“Pyritic smelting,” in a narrow sense, is associ¬ 
ated with low coke ratios and implies a vigorous em¬ 
ployment of the pyritic reaction. Guess defined it 
as “the art or practice of smelting a charge, in 
which all the iron present is combined with sul¬ 
phur, to produce a ferrous-silicate slag.” 

The iron sulphides to be considered are pyrite 
and pyrrhotite. Pyrite loses one-half its sulphur 
by sublimation in the upper part of the smelting 
column, and both pyrite and pyrrhotite melt at a 
comparatively low temperature and enter the smelt¬ 
ing zone approximately as FeS. The composition 
of the iron sulphide compound at its highest tem¬ 
perature is stated by Sticht to lie somewhere be¬ 
tween FeS and Fe, FeS. 

It is commonly held that the loose sulphur atom, 
for lack of free oxygen in the region of disengage¬ 
ment, escapes from the charge unbumt, and it is 
customary for this reason to deny to pyrite any 
credit for heat from this source. But such reason¬ 
ing may not always hold; two circumstances chal¬ 
lenge its soundness. First, some pyrite ores have 
the mineral scattered through the gangue in grains 
or patches, and, by means of the protection and 
insulation thus afforded during the early stages of 
the descent in the ore column, disengagement of 
the loose atom may be delayed until the smelting 
zone and an oxidizing atmosphere are reached. 
Second, the lack of free oxygen above the smelting 
zone is certainly open to question. It has been my 
experience that gas analyses from the pyrite charge 
show a high average oxygen efficiency, often no 
trace of oxygen being found, whereas, at a plant 
smelting an ore essentially pyrrhotite, an appreci¬ 
able proportion of oxygen is invariably present, 
evidently because the pyrrhotite charge, unlike py¬ 
rite, lacks the abundance of liberated, elemental 

•By A. J. Bone, formerly Smelter Superintendent at Copper- 
hill, Tenn., and Anyox, B. C. Written for Engineering and 
Mining Journal. 
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sulphur for cleansing the gas of oxygen unused in 
the smelting zone. 

Pure Quartz the Best Form of Silica 

The character of the siliceous portion of the 
charge is of much importance. The silica should 
be free; silicates require heat for decomposition and 
are a detriment in several ways. A coarse quartz 
that does not break down easily on exposure to 
heat is the ideal reagent; fine quartz, or one crum¬ 
bling badly under heat, lowers the ratio of concen¬ 
tration and causes more incrustation. This has 
been clearly shown in the concentration of low- 
grade matte where pure materials were used, matte, 
quartz, and lime rock, and results were not obscured 
by many qualifying conditions, as in ore smelting. 
At one plant, using a good lump quartz, a 10 per 
cent matte was readily concentrated to 40 per cent; 
at another plant where the bulk of the quartz was 
fine, about % in. or under, it was difficult to raise a 
10 per cent matte beyond 25 per cent, and incrusta¬ 
tion was bad. In pyritic smelting, prime attention 
should be gdven to silica—^to its physical as well as 
to its chemical nature. 

Fine and waste have no place in the blast-furnace 
charge, and this applies with special force in pyritic 
smelting. Fine material, say that passing a i/4-in. 
opening, if there is no reverberatory department, 
may be prepared for the blast-furnace by nodulizing, 
sintering, or briquetting. Nodulizing and sintering 
have the advantage that oxidation accompanies the 
physical preparation, and as oxidation is the prime 
object of pyritic smelting, preparatory processes 
should preferably be a step in that direction A fur¬ 
nace, however, often does good work with all the 
fine left in the ore, and it may be difficult to show 
the need and justify the expense of screening and 
special treatment, as benefits to be derived from 
metallurgical operations are not always capable of 
exact expression in terms of money. If an ore with 
20 per cent of fine is screened and prepared for the 
blast furnace at $1 per ton, the cost figured against 
total ore is 20c. per ton, a serious item for a low- 
grade ore; but on the opposite side of the ledger 
will be faster running, less crusting, longer cam¬ 
paigns, a decreased quantity of flue dust, and, if 
the preparatory process oxidizes, a higher grade 
of matte. 

Waste rock, which is usually high in natural 
silicates, creates trouble and expense for the 
smelter. It is hard to estimate the cost of smelting 
waste. It entails the ordinary expense of trans¬ 
portation, bins, sampling, and charging, the same 
as ore; it increases the demand for coke, lime, or 
other flux; it is responsible for a certain amount of 
slag which carries a quantity of copper to the dump; 
but, what is far more serious and costly, is its dead¬ 
ening effect on the pyritic reaction. It retards the 
rate of smelting, depresses oxidation, and causes 
low-grade matte and sticky, dangerous slags. Waste 
in the ore should be eliminated outside of the blast 
furnace. 

The pyritic furnace requires a careful balancing 
of reagents and maintenance of proper physical con¬ 
ditions. Frequent changes in the charge are neces¬ 
sary, and the metallurgist in diagnosing and pre- 
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scribing should be able to feel confidence in the 
analyses and weights of charge components. Though 
the preponderance of tonnage may come from beds, 
provision must be made for a quick supply of any 
single material. An intimate bedded mixture is 
usually only necessary when conditions are par¬ 
ticularly ui^avorable. 

Methods of Mechanical Feeding 

Two improved methods of mechanical feeding, 
both successful though widely different in principle, 
have been develop^ in pyritic plants. The Free¬ 
land feeder, described in th Mining & Scientific 
Press of March 22, 1913, has been used since 1902 
in the smelter of the Ducktown Sulphur, Copper & 
Iron Co., at Isabella, Tenn. The Isabella furnaces 
have gas offtakes beneath the charge floor, and 
movable, water-cooled tops or covers. The feeding 
machine operates on a charge track that straddles 
the furnace lengthwise. It consists of a carriage 
supporting an apron conveyor of the same length 
and width as the furnace. Charge components are 
drawn through wide gates onto the conveyor in lay¬ 
ers, as ore, quartz, slag and cokC. The carriage en¬ 
gages the cover of the furnace and pushes it ahead, 
and as it moves over the opened shaft the conveyor 
distributes its burden uniformly not only lengthwise 
but from side to side. The carriage and conveyor 
each has a variable-speed, reversible-type motor, 
giving flexibility to the method. 

An adaptation of the system of feeding develop¬ 
ed at Mount Lyell, Tasmania, is employ^ by the 
Granby smelter at Anyox, B. C. It was described 
in the Engineering and Mining Journal, Oct. 7,1916. 
Extending along either side of a 30-ft. furnace, at a 
point 2 ft. 6 in. below the charge floor, is an iron 
ledge or shelf projecting into the furnace and over¬ 
hanging the jackets 9 in. This ledge, which receives 
the charge from side-dump cars, is partitioned into 
six compartments, and each compartment is served 
by a pusher, actuated by compressed air, for mov¬ 
ing the charge into the furnace. Thus, a furnace 
has twelve feeding units, and can be fed from any 
one, at any time, and in any quantity up to capacity, 
which is about 5,000 lbs. 

The British America Nickel Corporation, at 
Nickelton, Ont, used a combination scale-charge-car, 
which i&of the same length as the furnace and is 
divided into four compartments to correspond with 
the four charging doors. 

Continuous feeding has been suggested as a pos¬ 
sible way of improving blast-furnace practice, and 
would indeed seem to promise certain advantages, 
such as steadier blast resistance, better utilization 
of heat in escaping gas for pre-heating the charge, 
and ^eater uniformity in gas temperature and com¬ 
position. These latter considerations are of special 
value where gas is treated for its sulphur dioxide 
content. 

Incrustation, an unavoidable evil, is of several 
varieties and develops from different causes. A 
scab or crust forms from sticky, semi-fused material 
adhering to the jackets and is aggravated by fine 
sulphide. It usually extends from the tuyeres to 
the top of the charge and is entirely harmless at 
first, but must be taken in hand before growing too 
thick and restricting the descent of the ore. Undi¬ 
gested silica manifests itself in the form of heavy 
crusts. If it has accumulated gradually, the crust 
will be hard and dense, but if silica accumulates 
rapidly the crust will often be loose and porous, 
hardly a crust at all but rather a column of cold, 
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raw charge that offers an easy escape for the blast. 
Barring down crusts gives only temporary relief 
unless they have been undercut. Lower crusts 
must be fluxed away if they are not to remain as 
foundations on which other crusts will soon spring 
up. A matte concentration charge can usually be 
counted on to relieve a badly crusted ore furnace 
by reason of its running with a cooler top and lower 
column. Soon after the charge is switched, crusts 
cool off and are more readily pulled down and broken 
up. In smelting crusts, allowance is made for their 
excess silica content. 

Pyritic smelting campaigns are mostly termin¬ 
ated by incrustations, and are short, six weeks to 
two months being a common average, though occa¬ 
sional runs of six months or longer are recorded. 
Campaigns may be prolonged by &eer use of coke, 
lime, or other flux, but such expense soon exceeds 
the cost of shutting down, digging out and starting 
up again. However, when the ore supply crowds 
the smelter, and the c^ for tonnage is loud and 
insistent, the metallurgist is often forced to expens¬ 
ive measures to keep his furnaces in blast. To do 
the cheapest work the pyritic smelter should have 
spare units; the pyritic furnace should be of mod¬ 
erate length and provided with means for quick 
handling of jackets and ready disposal of furnace 
cleanings. 

Several reasons favor having the slag and matte 
overflow at the end of a furnace instead of at the 
side, one being the securing of an equal number of 
tuyeres on each side, thus promoting equal distribu¬ 
tion of blast. Another marked advantage is that 
both sides are free and cleared for action, in con¬ 
trast with the other arrangement where the front 
side of a furnace is cluttered up with overflow spout, 
settler, launders, and other appurtenances, a serious 
interference in getting at a matte break-out, and a 
handicap in tuyere punching. No job around a fur¬ 
nace is more unpleasant than punching tuyeres on 
the front of a side-discharging furnace, where the 
puncher has his choice of standing on top of the 
settler, hot under foot and limited as to headroom, 
or getting down into the congested space between 
settler and furnace, cramped and exposed to danger 
of spout eiiplosions. Attention to the Weres is a 
task of major importance, and, being laborious and 
disagreeable at ^st, requires proper working fa¬ 
cilities. 

Blast volume and pressure are valuable indices of 
internal furnace conditions. Where a furnace has 
its individual blower of known delivery, volume can 
be ascertained at the power house; otherwise it 
can be measured in the connection leading to the 
bustle pipe. For this pui^se the Clark blast meter, 
a specially constructed pitot tube and Ellison gage 
reading “cubic feet of air per minute,” has given 
satisfaction. 

A common accompaniment of pyritic smelting is 
a heavy fall of low-grade matte that is thin and 
penetrating and has an unfortunate way of working 
to the very bottom of things and taking advantage 
of the slightest opportunity to escape. The furnace 
crucible cannot be lined with magnesite, owing to 
the destructive action of water from leaks in the 
jackets or the sole plate, and of course a magnesite 
crucible would preclude quenching a furnace with 
water before it is dug out. Chrome brick is best 
for this purpose, though a good firebrick will an¬ 
swer. Break-outs are most likely to happen between 
jackets near the sole plate, and unless checked at 
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once nearly always result in a burnt jacket. The 
more jackets in the lower tier, the ^eater the num¬ 
ber of potential danger spots. For instance, an end- 
discharge furnace with six jackets to a side will 
have a minimum of fourteen vertical joints, each a 
possible avenue of escape for matte. The better 
way, I believe, is to construct the crucible of low, 
horizontal jackets, as long as practicable to reduce 
the number of joints, or to use the single-sheet con¬ 
struction capable of being cooled by a water spray, 
and on top of this crucible structure rest the lower 
tier of vertical jackets which are then several feet 
above the sole plate and beyond the danger of 
break-outs. 

Low-grade matte has a decided corrosive action 
on equipment with which it comes in sustained con¬ 
tact, and it is frequently discovered that apparatus 
that has been satisfactory for high-grade matte 


will not answer for low-grade. The problem has 
been met in different ways; in my own experience I 
have found the following to give satisfaction: 

Breast jacket of converter copper cast about a 
double coil of extra-heavy pipe for cooling water, 
the opening being protected with chrome brick. 

Overflow spout of flanged steel, water-spaced, 
and a detachable lip jacket of bronze. A brick 
pillar or saddle built under the spout at its junc¬ 
tion with the breast will put an end to break-outs at 
this point. 

Matte-tapping block—a magnesite brick im¬ 
bedded in a plate of converter copper. The siphon 
tap used at Nickelton, described in the Engineering 
and Mining Journal of Aug. 20,1921, was successful, 
and can be recommended either as a principal or 
auxiliary means of tapping. 


The Application of Copper Refining 
Practice to Other Fields ‘ 


Electrolytic refining has attained its chief appli¬ 
cation and highest development in the metallurgy 
of copper. The very dynamo, the invention of 
which created the large-scale demand for high- 
conductivity copper, gave the means of producing 
it by electro-deposition, and electrolytic refining on 
a commercial scale was one of the first electrical in¬ 
dustries to be developed, while it remains today by 
far the largest application of the electrolysis of an 
aqueous electrolyte. 

The experience gained in this field has found 
wide application in the refining of other metals, such 
as silver, gold, lead, bismuth, tin, nickel, iron and 
zinc, and in the recovery direct front the ore by 
leaching of copper, silver, gold and zinc. The suc¬ 
cessful application of electrolysis to these different 
fields requires a rebalancing of the various factors 
discussed in previous articles by the author, the 
relative values of which are often greatly altered 
by a change of metal. In any given case we must 
take into account (1) competition from other pro¬ 
cesses, (2) acid radical to be employed, (3) tempera¬ 
ture of electrolyte, (4) character of deposit, (5) 
resolution at the cathode, and (6) depolarization at 
the anode. 

Competition 

Electrolytic copper refining has no effective com¬ 
petitor in its own field. Fire refining makes a low 
conductivity product' unless furnished with very 
pure raw material such as selected Lake “mineral,” 
and the various selective methods of reverberatory 
treatment yield but a partial recovery of gold and 
silver. 

In the leaching field electrolysis has to meet 
several competitive methods of reduction, notably 
precipitation upon iron. While a free acid equiva¬ 
lent by electrolyzing is returned to the cycle, there 
are usually serious handicaps imposed by large 
quantities of impurities which cause various trou¬ 
bles in the cells and which progressively accumulate 
unless some outlet is provided. Even where elec¬ 
trolysis is indicated, therefore, an iron precipitation 
plant is usually required as an adjunct, from 10 to 
30 per cent of the copj)er being recovered as cement. 

•By Lawrence Addicks, In Chemical and Metallurgical En¬ 
gineering. July 21, 1920. 
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Electrolytic silver has to compete with the older 
sulphuric acid method of parting. The latter is 
easy to operate and ties up less silver, but it will 
not make a product so low in gold as the electrols^tic. 
It is still indicated, however, for small plants or 
for those which are used spasmodically. 

In the case of gold refining the question is al¬ 
most wholly dependent upon the amount of plati¬ 
num and associated metals present. If the original 
gold is free from this metal group, there is no object 
in tieing up the gold several days for electrolysis 
and further increasing the opirartunities for theft. 
When but very small quantities of platinum and 
palladium are present, they may be satisfactorily 
collected by wet methods instead of by electrolysis 
at about equal expense. When the quantities are 
larger electrolysis is indicated. 

Electrolytic lead has to compete with the very 
efficient Parkes process of refining. When all fac¬ 
tors are considered, the justification for electrolysis 
appears to rest almost entirely upon the quantity 
of bismuth present in the bullion to be treated. This 
objectionable impurity is not satisfactorily removed 
by the Parkes process and special treatments such 
as Pattisonizing are expensive, while the electrolytic 
method readily separates the bismuth from the 
lead and converts it into a marketable byproduct. 

Nickel, iron and zinc may be readily refined by 
electrolysis, but in ordinary times the value of the 
refined product, except in a very limited quantity, 
is not sufficiently above that of the crude to pay for 
the refining. Tin offers a special field for impure 
ores which are difficult to handle by fire processes. 

In leaching, both nickel and zinc have strong 
competition from chemical and pyrometallurgical 
processes and this whole field is still in a state of 
flux. 

In general, we can say that electrolysis enjoys 
no such absolute monopoly in other fields as it does 
in copper refining and that each proposed applica¬ 
tion must, therefore, receive full consideration upon 
its merits. 

Acid Radical 

While several salts of copper are suitable for 
electrolytic treatment, the sulphate possesses so 
many practical advantages that it is universally 
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employed. The first requirement for an electrolyte 
is that the salt of the metal employed shall be 
readily soluble. The second is that the material 
which it is desired to collect in the slime shall be 
insoluble in it. The third is that the cathode should 
not be redissolved by the electrolyte. Copper sul¬ 
phate is a readily soluble salt and copper, gold and 
silver are all practically unattacked by dilute sul¬ 
phuric acid. 

When electrolyzing silver a nitrate electrolyte 
is employed, as silver sulphate is not a readily solu¬ 
ble salt. The amount of free acid carried is neces¬ 
sarily low, as nitric acid is expensive and decom¬ 
poses under the conditions of electrolysis. Copper 
concentrates in the electrolyte and is removed by 
withdrawfds, while gold remains unattacked in the 
slimes. 

In gold refining a chloride electrolsrte is em¬ 
ployed. Gold chloride is a soluble salt, platinum 
concentrates in the electrolyte, and although silver, 
being less noble than gold, dissolves at the anode, 
after saturation it precipitates as a secondary slime 
of insoluble chloride. 

For lead, chloride and acetate were first tried, 
but not until Betts developed the fiuosilicate electro¬ 
lyte was the electrolytic refining of lead made a 
commercial success. 

It will, therefore, be appreciated that an en¬ 
tirely new set of chemical conditions as regards be¬ 
havior of impurities, etc., is encountered with every 
metal refined. 

Temperature of Electrolyte 

While it is customary to heat copper electrolytes 
externally, quite opposite conditions obtain in the 
case of silver, lead and zinc. Nitric and hydro- 
fiuosilicic acid show increasing decomposition 
losses with rise in temperature, asphalted tanks do 
not stand hot liquors and zinc resolution losses must 
be limited. In the case of silver, the current may 
have to be limited to control the temperature; for 
lead, extraneous heating is abandoned, and with 
zinc, where the specific resistance of the electrolyte 
is high, cooling systems carrying circulating water 
must be employed. 

Character of Deposit 

At moderate densities copper readily gives a 
good adherent deposit. The same may be said of 
gold. Silver ^ves normally a loose crystalline de¬ 
posit. Nickel is nodular, while lead and zinc “tree" 
very badly. By the proper use of addition agents 
all of these deposits may be made smooth and co¬ 
herent. In fact it was not until the value of addi¬ 
tion agents was more or less understood that lead 
could be handled at all. 

In the early copper plants a great deal of trouble 
was had in getting good starting sheets, and it was 
thought that the addition of ammonium sulphate 
was a help, the use of double salts being common 
practice in various electroplating prescriptions. 
Then the beneficial effect of the presence of wood 
strips on the edges of the starting blanks led to the 
introduction of wood tea made from shavings, yield¬ 
ing a complex organic addition agent. Finally the 
remarkable results following the addition of gela¬ 
tine were worked out. The irregularities of early 
practice were due to overdosing and a failure to 
appreciate the fleeting effect of a single dose. Today 
a few pounds of common glue dissolved in water and 
added regularly throughout the twenty-four hours, 
together with a can of ordinary engine oil, will con- 
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trol the deposit in the tank house of a great copper 
refinery, permitting the use of higher densities, 
closer spacing and greater cathode age. 

For silver, while adherent deposits can be made 
in similar fashion, it is customary to collect the 
silver crystals as such, either brushed to the floor 
of the tank from vertical cathodes by mechanical 
scrapers as in the Moebius system or shoveled by 
hand from the horizontal carbon cathode of the 
Thum cell. These crystals are readily washed free 
of electrolyte and fed to retorts for melting. 

Lead may be beautifully controlled by addition 
agents. The exact amount to be added varies from 
time to time and is determined by experiment and 
careful watching of the fresh deposit on special 
strips hung for the purpose. 

Zinc is generally plated in coherent form on an 
aluminum cathode, from which it is peeled every 
forty-eight hours. There is no reason why zinc 
starting sheets could not be used as in the case of 
copper, and in some ways the avoidance of a zinc- 
aluminum couple would be of advantage. In the 
development of electrolytic zinc practice, however, 
there has been great difficulty in controlling resolu¬ 
tion at the cathode, and the great advantage of 
using aluminum sheets lies in the fact that strong 
corrosion can do no more than leave the starting 
sheets bare, whereas were they of zinc they might 
be completely eaten through, causing collapse, open 
circuits, general demoralization and shut-down of 
the plant. 

Resolution at Cathode 

The cathode is never absolutely insoluble in the 
electrolyte used and a small amount of reoxidation 
is always in process. In the case of copper with 
normal electrolytes it is a minor matter—perhaps 
2 per cent. Should we allow an accumulation to 
take place of salts of manganese, iron or any other 
metal capable of alternate oxidation and reduction 
at anode and cathode with change of valence, a very 
serious condition may arise. 

In these days copper anodes are so highly re¬ 
fined that the amount of iron contained in the elec¬ 
trolyte is quite negligible, but when electrolyzing 
liquors arising from the leaching of ore a very 
different situation exists. Such liquors commonly 
contain large quantities of ferrous sulphate and a 
certain proportion of ferric sulphate. Oxidation at 
the anode tends to increase the latter at the ex¬ 
pense of the former. (See Addicks, Trans. Am. 
Electroch. Soc., vol. 28, p. 87.) Experiments show 
that 0.25 per cent of iron as ferric sulphate in an 
electrolyte sufficiently agitated will corrode cathode 
copper at a rate which will require a current cor¬ 
responding to about 8 amp. per sq. ft. merely to 
replace the loss. The proper control of ferric sul¬ 
phate is, therefore, the key to success in electrolyz¬ 
ing copper leaching liquors. 

Another interesting example of resolution is in 
the case of zinc—in fact this is the controlling fac¬ 
tor in zinc electrolysis. In the electrolysis of zinc 
sulphate using an insoluble anode the content of 
free sulphuric acid gradually increases and unless 
the cathode is absolutely pure zinc resolution is very 
active. Perfectly pure zinc is so nearly insoluble 
in sulphuric acid that it is quite difficult to get it 
in solution for analysis. But if a nodule of cathode 
zinc is immersed in dilute sulphuric acid in a test 
and the nearest trace of almost any impurity is 
added, a vigorous evolution of hydrogen will start 
at once. This is probably due to galvanic action, 
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and the whole secret of successful zinc electrolysis 
lies in the passivity of pure zinc in sulphuric acid. 
This calls for a de^ee of purity in the electrolyte 
which would be quite uncommercial were it not for 
the fact that zinc dust readily throws down most 
of the impurities to be dealt with after the liquor 
from the leachins; tanks has been neutralized. The 
last traces of some difficult elements, such as arse¬ 
nic, are removed by absorption upon freshly made 
ferric hydrate. 

Depdorization at the Anode 

Anode efficiency plays a relatively small part in 
normal copper refining; the proportion of impurities 
present in the anode is small and the useful anode 
efficiency very high. As soon as a complex or in¬ 
soluble anode is substituted, however, the oxidizing 
effect of the current is in part or in whole employed 
in the solution of anode impurities, the oxidation 
of suitable salts in the electrolyte or in the de¬ 
composition of water with escape of oxygen as such. 
This introduces several new problems. 

A moderate amount of an oxidizable impurity, 
such as nickel, in a copper anode gives the first and 
simplest case. The nickel and copper dissolve pro¬ 
portionately at the anode, sharing the current. At 
the cathode, however, only copper is deposited, so 
that the copper in the electrolyte is correspondingly 
depleted. About 2 per cent of the copper deposited 
is restored by purely chemical solution at the elec¬ 
trodes but beyond that figure soluble copper must be 
added by leaching shot or scale, and the accumulat¬ 
ing nickel must be controlled by withdrawals to a 
byproduct plant. 

The second difficulty arises when the quantity 
and nature of the impurity in anode causes segrega¬ 
tion into two components one of which is more read¬ 
ily dissolved than the other. Then the anode dis¬ 
integrates unevenly and a large amount of scrap 
has to be reworked. 

A third and more serious condition is met with 
when the impurity is insoluble, such as lead or anti¬ 
mony, when the anode will become coated with a 
non-conducting slime. The voltage will then rise 


until some free oxygen is generated from the mois¬ 
ture underneath. This in turn will burst through 
the coating and the anode will act normally for a 
few seconds, when the coating will again form. A 
voltmeter connected across such a tank will show 
a wildly fluctuating needle, and this condition, 
known colloquially as “crazy tanks,” is fatal to good 
refining, entailing as it does excessive gold and 
silver losses in the cathode, high power cost and a 
heavy expense for purifying electrolyte. The rem¬ 
edy lies in properly refining the crude material be¬ 
fore casting the anodes. 

Finally, we have the extreme case where the 
anode is by intent insoluble, as where copper is 
being recovered from leaching liquor. Where no 
depolarizer is employed, the voltage must of course 
be sufficiently high to decompose water, and free 
oxygen is given off at the anode. When the liquor 
is virtually free from chlorides and nitrates, anti- 
monial lead is generally used as the anode material; 
when electrolyzing zinc, however, pure lead is re¬ 
quired in order not to poison the cathode with si^ks 
of antimony. When the liquor is corrosive, either 
magnetite or one of the ferro-alloys, generally ferro- 
silicon, is employed. None of these anode materials 
is wholly free from oxygen attack. Lead peroxi- 
dizes and sulphatizes and the iron alloys slowly dis¬ 
solve, so that a certain replacement charge must be 
reckoned with. 

Where an efficient depolarizer is employed, any 
of the materials mentioned above or carbon may be 
employed. Graphite offers peculiar advantages in 
that 100 per cent of efficiency of oxidation of ferrous 
sulphate or similar depolarizer is readily obtained 
by its use. Lead does not give equal results. On 
the other hand carbon itself will oxidize and dis¬ 
integrate if not fully protected by the depolarizer. 
This whole question of a cyclic oxidization at the 
anode with subsequent reduction at the ore contact 
is yet in but partially developed form, most of the 
theoretical advantages being generally offset in 
practice by the difficulties met with in handling 
impurities dissolved from the ore. 


CALCULATION OF ANODE FURNACE 
CHARGES IN A COPPER REFINERY' 


“Get the silver and gold into the anodes as quickly 
as possible” is the governing principle for the cop¬ 
per refinery. Every day that the precious metals 
are locked up in the pig copper means a real loss to 
the plant in the interest on the money value. Once 
in the anodes, a start, at least, is made on the road 
to final shipment as refined metal. Plants doing 
custom work are required by their contracts to de¬ 
liver the silver and gold received in pig copper to 
the owners within a certain specified time—^usually 
about two months after receipt. The refinery must 
deliver the goods on the specified date or transfer 
the money equivalent to the owner. 

Some one man must keep the bullion moving, 
therefore, and calculate the anode-furnace charges, 
to assure that the richer blister copper is given first 
place in the mixture. The procedure described in 
this article is that practiced by a large copper re¬ 
finery in this country. 


•By C. M. Brlster, Jr. 'Written for Engrineerlngr and Minins: 
Journal. 

SECTION XIX 


Equivalent Silver in Various Brands is Recorded 
For quick comparison of the various grades of 
copper received, a list showing the “equivalent sil¬ 
ver” of each brand is kept up to date by use of the 
latest assays available. The term is simply a figure 
showing the value of the precious-metal content of 
the blister, considered as all silver. That is, with 
gold at $20 per troy oz. and silver at $1 per oz., the 
equivalent silver for pig copper assaying 0.5 oz. gold 
per ton, and 25 oz. silver per ton, ^1 be 0.5 X204- 
25X1=$35. 

ASSAT or TABXOV8 HTPOmnnOAK BBAMB8 


Brand 

Gold. 

Oz. per Ton 

Silver 
Oz. per Ton 

Equivalent Silver, 
'value in Dollars 
per Ton 

A 

4.50 

630 

720 

B 

0.80 

400 

416 

C 

1.00 

150 

170 

D 

0.65 

67 

80 

E 

0.98 

65 

76 

P 

1.00 

40 

60 

G 

0.85 

2 

19 

H 

0.16 

18 

16 


A copy of this list is sent to the anode-furnace 
superintendent for his guidance. If “G,” for ex- 
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ample, appearing on his charging instructions, is 
not available for any one charge, he will consult 
the table and substitute the brand highest in value 
and which is not carrying more impurities than “G.” 

This table is brought up to date once a month, 
with the aid of the average assays of each brand 
received during the month. The variation in value 
and percentage of impurities for any particular 
blister is usually slight, so that if a high-grade lot 
comes in and no provision is made for it on the cur¬ 
rent charge, it can be immediately taken care of by 
using the analysis and assays of the preceding 
month. It must be drilled for the sample, but it is 
not necessary to wait for the assay of the samide. 
In the treatment of blister which varies widely from 
month to month, a hurried drill sample is usually 
taken to check the assumed assay values, whenever 
a new lot comes in. 

The factors other than equivalent silver which 
affect the choice for the charge are: 

1.—^Impurities. Tsrpical analyses of the ten 
brands enumerated in the equivalent silver table 


may be: Asmiy in p«t o«nt. 


Brand 

Lead 

Nickel 

Arsenic Antimony 

Selenium 

Tellurium 

A 

0.660 

0.626 

1.426 

0.440 

1.360 

0.640 

B 

0.330 

0.430 

0.370 

0.230 

0.030 

.0.008 

C 

1.800 

1.140 

0.310 

0.460 

0.032 

nil 

D 

0.026 

0.067 

0.002 

0.070 

0.020 

0.007 

E 

0.004 

0.068 

0.001 

0.002 

0.036 

nil 

F 

0.010 

0.014 

0.004 

0.003 

0.016 

0.010 

G 

0.009 

0.030 

0.010 

0.013 

0.030 

0.012 

H 

0.008 

0.042 

0.020 

0.066 

0.007 

nil 


The impurities in a particular brand of pig cop¬ 
ier usually run fairly uniformly, and in most opera¬ 
tions there are one or two impurities which will 
limit the amount of that brand to be placed in the 
anode charge. The copper having the highest 
equivalent silver is used up to the limit of the 
amount of impurities the charge will stand. 

All reports within the plant show the “Stock on 
Hand” and other pertinent information of each 
brand, in tons. It greatly facilitates calculations, 
therefore, to have the impurities listed as pounds 
per ton, instead of in per cent. A loose-leaf record 
is kept with a separate sheet for each impurity, as 
follows: anon^ nr no oopfbb 


Zn Ponndfl, P«r Ton 


Brand 

Average 

Aug.- 

Jan. 

January 

Average 

Sept.- 

Feb. 

Feb. 

Average 

Oct- 

March 

March 

Average 

No.v- 

Aprll 

A 

10.60 


10.60 


10.60 

10.60 

10.60 

B 

8.00 

7.60 

7.92 

8.20 

7.96 

8.60 

8.06 

C 

46.00 

22.60 

26.33 

• • • • 

26.33 

22.80 

26.74 

D 

1.20 

1.20 

1.20 

1.28 

1.21 

1.36 

1.23 

E 

1.30 

1/44 

1.32 

1.38 

1.33 

1.16 

1.30 

F 

0.28 


0.28 


0.28 

0.28 

0.28 

G 

0.60 

0.68 

0.60 

6!62 

0.69 

0.60 

0.60 

H 

0.98 

1.02 

0.99 

1.02 

1.00 

0.86 

0.98 


The average column shows the average value for 
the last six months. It is a most convenient figure 
to have when a lot of high-^ade copper arrives in 
the middle of a period, for it can be used in calcu¬ 
lations of a new charge until more accurate figures 
are available. 

The allowable limits of impurities in the anodes 
depend upon the pig copper available for use. The 
permissable limits may be as listed below: 

AUOWAUB UNITS OF IMPTnUTlBS IM AMOVMB 

Maximum, Minimum, 

_ Per Cent. Per Cent. 


Gold . ... 0 

Silver . 226 oz. per ton 0 

Lead . 0.160 0 

Nickel . 0.166 0 

Arsenic . 0.160 0 

Antimony . 0.120 0.08 

Selenium . 0.10 0 

Tellurium . 0.06 0 


It is not good practice to have the results of the 
charge calculations show the maximum figure for 
more than two impurities on the same charge. 
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There are impurities present, of course, other than 
those listed, but their importance is negligible so far 
as the average tank house is concerned. 

2. —Rate Received and Sampled. This factor is 
often of primary importance in the treatment of 
high-grade pig copper, where every pig is drilled for 
sample. Obviously, the rate at which it may be 
used in the furnace is limited by the speed of the 
drilling. With blister not especially high in precious 
metals it is generally convenient to use the copper 
on the charge at a rate that will compensate for re¬ 
ceipts, and thus save the expense of handling to 
storage and back to cars again. 

3. —^Amount on Hand. When the receipts ex¬ 
ceed the consumption there is an accumulation at 
the stockpiles. When the receipts fall off or the 
consumption increases, the amount of each brand 
designated for the anode charge is proportioned to 
accommodate the accumulation as well as receipts, 
in those instances where the equivalent silver s^< 
warrants. 

4. —Storage Facilities. It is often necessary v.,- 
use a brand the equivalent silver of which wouh- 
not justify its use at the time, simply because of 
lack of space in which to store receipte. It must go 
directly from the sample drills to the anode fui- 
naces. 

5. —Availability. Occasionally a large quantity 
of low-grade copper is received and has to be stored 
in any available space. This may completely block 
off some higher-^ade blister, which then cannot be 
used until sufficient of the low-grade material has 
been removed to free it again. 

6. —^Physical Character. The shape, or the “top 
set,” of the pigs may be such that they cannot be 
piled and transported except with the greatest care, 
and even then frequent spills may happen. In such 
circumstances only a certain amount of the blister 
can be used on the charge without excessive cost or 
delay in the charging—^no matter what the amount 
of the equivalent silver may be. 

Before calculating the charge, the operator must 
know the “furnace factor.” By this term is meant 
a number which, multiplied by the total weight of 
any impurity going into the anode charge, will 
give as a product the weight of the impurity in the 
anodes cast from the charge. The factor may be 
calculated by carefully listing the weights of all 
items entering the furnaces for a period of, say, ten 
days. The amounts of the impurities are listed in 
columns, and the totals made, giving the weight of 
each impurity entering the charge. The average 
percentage of each is then calculated and com¬ 
pared with the corresponding figures actually found 
by analysis of the anodes produced from the charges 
for the same ten-day period. The actual percent¬ 
age, divided by the calculated percentage, will give 
the factor desired. The following calculation is 
an example: awaxtbis of okakob 

Contents of Charge, Pounds 


Brand 

Tons Charged 

Lead 

Nickel 

A 

160 

1,650 

1,576 

B 

260 

1,660 

2,160 

C 

26 

900 

670 

D 

500 

250 

676 

E 

100 

8 

116 

F 

126 

25 

36 

G 

126 

23 

76 

H 

600 

96 

604 

Anode scrap 

626 

563 

1,760 

Totals 

.... 2,600 

6,166 

7,460 


Average lead, 6,166 -j- 6,000,000 = 0.103 per cent. 

Average nickel. 7,460 h- 6,000,000 = 0.149 per cent. 

Results actually found by analysis of the anode samples: 
Lead, 0.066 per cent.; nickel, 0.163 per cent. 

Factor for lead, 0.066 -h 0.103 = 0.64. 

Factor for nickel, 0.163 -i- 0.149 = 103. 
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Factors for arsenic, antimony, and the other im¬ 
purities are similarly calculated. 

Calculating the Charge 

Suppose, on the first of the month, the stock 
sheet shows: 


Brand 

A 

B 

C 

D 

E 

P 

G 

H 


Tons 

on Hand, 1st 
200 
872 
1,117 
739 
188 
511 
154 
8,622 


-Expected to Arrive- 

1st to 10th 10th to 20th 20th to 1st 
300 200 0 

250 250 250 

250 250 250 

955 300 250 

125 100 100 

0 0 0 

0 0 0 

0 0 0 


Totals .. 11,903 


1,880 


1,100 


(1) 

(2) 

(3) 

(2)-^(3) 

(4) 

(4)X7,000 


Allow- 


Quo- 

Lb. per 


Element 

able 

Factor 

tient 

Ton 

Total Lb. 

Lead . 

.. 0.16% 

0.54 

0.28% 

5.6 

39,200 

Nickel . 

.. 0.156 

1.03 

O.IB 

3.0 

21,000 

Arsenic .... 

.. 0.16 

0.92 

0.163 

3.3 

23,100 

Antimony .. 

.. 0.12 

1.11 

0.108 

2.1 

14,700 

Selenium ... 

.. 0.10 

0.93 

0.107 

2.14 

14,980 

Tellurium .. 

.. 0.05 

0.63 

0.079 

1.5 

10,500 


Enter the anode scrap on the estimate sheet. 
With this taken care of, the operator is still allowed: 


Lb. 

Lead . 37.625 

Nickel . 16,100 

Arsenic . 19,070 


Lb. 

Antimony . 11,720 

Sel enium . 13,055 

Tellurium . 9.975 


Considering the brands in the order of their 
equivalent silver: 

“A.” The important factor here is Impurities. 
Arsenic and selenium limit the amount to be used, 
and since there is an allowance of 6,500 lb. more 
of the former than the latter, the selenium governs. 
Each per cent of “A” on the charge is equivalent to 
70 X 27 = 1,890 lb. of selenium. About 6 per cent, 
therefore, is all that can be used. With this amount 
on the charge, there is left an allowance of: 


Lb. 

Lead . 33,005 

Nickel . 11,690 

Arsenic . 7,090 


Lb. 

Antimony . 8,020 

Selenium . 1,735 

Tellurium . 5,435 


“B.” Here again the important factor is Impuri¬ 
ties. After an examination of the impurity table, 
it is apparent that arsenic will limit the use of this 
brand. Each per cent of “B” is equivalent to 70 X 
7.4 = 518 lb. of arsenic. About 10 per cent of “B” 
can be taken care of with safety, leaving an allow¬ 
ance of: 


“C.” The controlling factors here are Impurities 
and Availability. On account of the excessive 
amount of impurities, this blister is given a pre¬ 
liminary furnace refining before being used on the 
anode charges. The operator has to consider only 
the skulls and other scrap resulting from the cast¬ 
ing, amounting to about 1 per cent on the anode 
charge. This leaves an allowance of: 


Lb. 

Lead . 26,866 

Nickel . 4,074 

Arsenic . 1,476 


Lb. 

Antimony . 4,166 

Selenium . 1,271 

Tellurium . 5,323 


The multiple tank house is operating at 7,000 
tons per month. The anode furnaces will make one 
charge of 250 tons per day for the next ten days. 
This will mean 25 tons for each per cent of each 
kind of blister on the charge. The tank-house 
scrap, which may be assumed to average 25 per cent, 
must also be treated. 

If impurities were all allowed to the maximum 
percentage, the following amounts could be present: 


“D." The small remaining allowance of selenium 
860 jjnjjt the use of “D.” One per cent of “D” is 


equivalent to 70 X 0.4 = 28 lb. of selenium. About 
25 per cent may be used, leaving an allowance of: 


Lb. 

Lead . 24,990 

Nickel . 1,714 

Arsenic . 1,389 


Lb. 

Antimony . 3,921 

Selenium .. 571 

Tellurium . 6,078 


“E.” This is a very pure blister, and ordinarily 
the Rate Received and the Amount on Hand would 
govern, but since there is such a small remaining 
allowance of selenium, the amount that it is possible 
to use will be limited to about 6 per cent, leaving 
an allowance of: 


Lb. 

Lead . 24,967 

Nickel . 1,224 

Arsenic . 1,381 


Lb. 

Antimony . 3,904 

Selenium . 277 

Tellurium . 5,078 


“F,” Availability must govern the use of this 
blister—it is not available because the entire lot 
is surrounded by “H." 

“G.” The Amount on Hand is the ruling factor. 
Allowing 6 per cent to use up the entire lot in the 
next ten days leaves: 


Lb. 

Lead . 24,881 

Nickel . 972 

Arsenic . 1,297 


Lb. 

Antimony . 3,796 

Selenium . 25 

Tellurium . 4,977 


Lb. 

Lead . 28,386 

Nickel . 5,670 

Arsenic . 1,910 


Lb. 

Antimony . 4,800 

Selenium . 1,315 

Tellurium . 5,323 

SSTIMATB SHBBT, MULTIPZiS AHODB 00KP08ZTX0B 


“H.” This will complete the charge with 21 per 
cent. Under other conditions the Physical Charac¬ 
ter might be the limiting factor with this brand. 
The pieces have rounded bottoms and are, therefore, 
very hard to pile. The limit for the furnace ordi¬ 
narily is about 40 per cent. Above this figure, its 
use will seriously delay the furnace working. 

After the calculation is completed, instructions 
are sent to the foreman of the anode furnaces, giv¬ 
ing the name and percentage of each blister for the 
anode charge and the estimated analysis of the re¬ 
sulting anodes. Copies of these memoranda are 
sent to the tank-house foreman, the yard foreman, 
and all others concerned. 

The actual work involved in the calculation is not 
nearly so intricate as it may seem, when the neces¬ 
sary records and other information are kept up to 
date. Slide-rule calculations are permissible. 





-Gold- 

-Silver- 

-Lead- 

—Nickel— 

—Arsenic— 

-Antimony- 

-Selenium- 

-Tellurium- 




Oz. 


Oz. 


Lb. 


Lb. 


Lb. 


Lb. 


Lb. 


Lb. 



Per 


per 


per 


per 


per 


per 


per 


per 


per 


Brand 

Cent. 

Tons 

Ton 

Total 

Ton 

Total 

Ton 

Total 

Ton 

Total 

Ton 

Total 

Ton 

Total 

Ton 

Total 

Ton 

Total 

Scrap .. . 

. 25 

1,750 

0.87 

1,520 

100 

175,000 

0.9 

1,575 

2.8 

4,900 

2.3 

4,030 

1.7 

2,980 

1.1 

1,925 

0.3 

525 

A . 

. 6 

420 

4.5 

1,890 

630 

265,000 

11 

4,620 

10.5 

4,410 

28.5 

11,980 

8.8 

3,700 

27.0 

11,320 

10.8 

4,540 

B . 

. 10 

700 

0.8 

660 

400 

280.000 

6.6 

4,620 

8.6 

6,020 

7.4 

5,180 

4.6 

3,220 

0.6 

420 

0.16 

112 

C . 

1 

70 

1.0 

70 

150 

10,500 

36 

2,520 

22.8 

1,696 

6.2 

434 

9.2 

634 

0.64 

45 

nil 

nil 

D . 

. 25 

1,750 

0.65 

1,140 

67 

117,000 

0.5 

875 

1.35 

2,360 

0.06 

87 

0.14 

245 

0.4 

700 

0.14 

245 

E . 

. 6 

420 

0.98 

411 

56 

23,100 

0.08 

33 

1.16 

440 

0.02 

8 

0.04 

17 

0.7 

294 

nil 

nil 

G . 

. 6 

420 

0.87 

357 

2 

840 

0 18 

76 

0.6 

252 

0.2 

84 

0.26 

109 

0.6 

252 

0.24 

101 

H . 

. 21 

1,470 

0.15 

220 

13 

19,100 

0.16 

235 

0.84 

1,230 

0.4 

588 

1.1 

1,617 

0.14 

206 

nil 

nil 

Total . 

. .100 

7,000 


6,168 


890.540 


14,554 


21,258 


22,391 


12,522 


15,162 


5,523 

Avg. oz. or lb. per ton 


. 0.88 


172.2 


2.08 


3,037 


3,199 


1,790 


2,166 


0.790 

Per cent. 








0.104 


0.152 


0.160 


0.089 


0.108 


0.039 

Furnace factor 



’V.o 


1.0 


0.54 


1.03 


0.92 


1.11 


0.93 


0.63 

Estimated 

analysis, oz. per 















ton or 

per cent... 


. 0.88 


127.2 


0.056 


0.157 


0.147 


0,099 


0.100 


0.025 
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_ PULVERIZED FUEL TREATISE. 

PULVERIZED FUEL 


Powdered coal for metallurgical use dates back 
about 90 years. Its growth in competition with 
fuels of other forms has been slow, owing to 
ficulties experienced in pulverizing cheaply, con¬ 
veying economically and properly burning the coal. 
A further difficulty was the failure to exercise 
proper control in the burning, because the im¬ 
portance of the form of burner and the method of 


feeding the fuel to furnace were not understood. 

In the past few years much has been learned 
on these matters, and so much has been done in 
the way of improving methods and devices that 
pulverized coal is now used in practically all 
branches of the industry where a high tempera¬ 
ture is required, one company alone having 77 
furnaces in operation. 


SOME APPUCATIONS OF PULVERIZED FUEL 


Boilers 

The difficulties first encountered in the applica¬ 
tion of powdered fuel to boilers were largely due 
to incorrect furnace design, not only as regards 
the general form, but also the proposition to meet 
load conditions, characteristics and analyses of 
fuels. The earlier trials were made with bitumi¬ 
nous or sub-bituminous coals, and as general 
knowledge of the subject became available, larger 
projects were undertaken until at the present time 
there are a number of plants which are of suf¬ 
ficient size and importance, burning pulverized 
bituminous and anthracite coals and lignite, to fur¬ 
nish a good comparison with similar stations 
quipped with stokers. As a result of careful test¬ 
ing and comparison, it has been demonstrated that 
powdered fuel for steam generation has the fol¬ 
lowing advantages: 

1. Varying load conditions can be almost 
instantly met by increasing or decreasing the 
supply of powdered fuel, which is controlled as 
readily as fuel oil or gas. 

2. The fire can be ignited and the boiler plant 
put on the line in a few minutes. 

3. Average efficiencies are considerably higher, 
due to the perfect control of the fuel. 

4. Ability to bum any grade of pulverized fuel, 
irrespective of ash content or its point of fusion 
and percentage of fixed carbon. 

Portland Cement Kilns 

The first successful application of the use of 
pulverized coal in the industries was in this field. 
The cement industry is now the largest single 
user of pulverized fuel, the consumption in the 
United States alone being more than 5,000,000 tons 
per year. 

It is claimed that a ^eat part of the success 
of the rotary kiln in this industry is due to the 
use of powdered coal as a fuel. 

Smelting and Refining Furnaces 

Pulverized fuel is increasingly used in copper 
reverberatory furnaces, sintering machines, roast¬ 
ers, arsenic kilns, assay office furnaces and lead 
blast furnaces. 

Pulverized fuel is injected through the blast 
furnace tuyeres, resulting, it is claimed, in a 25% 
saving in coke consumption. 



The Anaconda Company made their first 
change to the use of powdered coal in reverberatory 


furnaces in the month of June, 1914, after an 
investigation of a similar installation at the Copper 
Cliff plant of the Canadian Copper Company in 
Ontario. 

The first furnace, as remodeled, was 124 ft. 
long by 21 ft. wide, varying in height from 8 ft. 
6 in. at the back end to 5 ft. 7 in. at the skimming 
end. The next furnace built was 144 ft. long by 
25 ft. wide, inside dimensions; 9 ft. 3^ in. high 
at the back and 6 ft. 6 in. at the front; flues are 
48 sq. ft. in area. Figures 1 and 2 show the gen¬ 
eral construction. 

The charging is done on either side of the 
furnace from longitudinal hoppers extending a 
distance of 74 ft. from the back end of the furnace. 



Figure 2 


According to the Anaconda authorities, after 
observation of the results obtained with their first 
installation, the following conditions are impera¬ 
tive to obtain successful results in coal dust firing: 

1. Coal must be dried down to 1% or less 
moisture before pulverizing. The furnace is the 
most expensive place to dry coal. 

2 . The coal must be finely pulverized. In 
crushing, the total surface of a pound of coal is 
increased from one-quarter of a square foot, in 
a single lump, to 8,000 square feet, more or less, 
when crushed 82% through 200 mesh, which is 
10 % or 11% finer than has been found necessary 
for the most complete combustion. 

3. The proportion of air to coal delivered to 
the furnace must be properly controlled. Any air 
in excess of the amount necessary to obtain the 
desired results dilutes the gases and reduces the 
temperature. Insufficient air means production of 
CO, which means incomplete combustion. 

4. The coal must contain enough volatile com¬ 
bustible matter to give the required combustion. 
In cement kilns, coal containing as low as 22% 
V.C.M. has been used. James Lord, of the Amer- 
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ican Iron & Steel Company, recommends 30% as 
a minimum. 

5. The furnace must be properly proportioned, 
properly equipped and in good condition. 

6 . Provision must be made for taking care of 
the ash formed. 

According to data compiled by C. F. Herring¬ 
ton, author of “Powdered Coal as a Fuel,” the 
various kinds of metallurgical furnaces using pul¬ 
verized coal made a grand total of approximately 
2000 at the end of the year 1921, divided as follows: 
4 air furnaces. 

158 annealing sheets. 

226 annealing malleable castings. 

2 bloom furnaces. 

20 busheling furnaces. 

2 core-oven furnaces. 

44 continuous furnaces. 

10 casting furnaces. 

16 copper reverberatory furnaces. 

21 electrode furnaces. 

622 forging furnaces. 

2 gun shell furnaces. 

306 hot mill furnaces. 

6 kilns. 

24 malleable melting furnaces. 

37 nut and bolt furnaces. 

17 open hearth furnaces. 

38 puddling furnaces. 

9 rolling mill furnaces. 

6 rivet making furnaces. 

74 re-heating furnaces. 3 

6 silver and lead furnaces. Q 

166 tin pots. M 

12 wheel furnaces. n 

1 zinc roaster. [| 


Heating of excess air where lump coal is used 
is responsible for lower efficiency. Boiler effi¬ 
ciencies of over 80% are claimed for pulverized 
fuel. 

Use of Low Grade Fuels 

Even with all drying and pulverizing costs, 
which must be offset by the lower cost of the fuel, 
it is true that in many cases the lower grade fuel 
can be burned economically in many cases at a 
lower cost than a higher grade of coal used in 
lump or slack form.. The quantity of these low 
grade fuels is tremendous, especially in the West- 
era states, where so much of the coal supply con¬ 
sists of sub-bituminous and lignite coals. 

“Stand-By” Losses 

These are obviously less, due to ease of control, 
particularly where it may be desirable at short 
notice to vary the load on a boiler installation or 
the temperature of a metallurgical operation. 

DISADVANTAGES 

Grinding or Pulverizing 

The necessity for tae grinding with more or 
less complicated machinery, involving the employ¬ 
ment of skilled mechanics for repair work and loss 
of operating time up to 25% or more, has caused 
operators to doubt the commercial practicability 
of burning pulverized fuel. 

It is claimed, however, that machinery has been 
developed which eliminates this objection to a 
great degree. 

OTHER DISADVANTAGES 

Ihe additional investment might be cited as a 
disadvantage as well as the explosion hazard. It 
should be noted, however, in connection with the 



ADVANTAGES OF POWDERED FUEL 

High Combustion Efficiency 

This is especially evident in boiler installations 
where it is easy to make comparisons. 

Even with comparatively low grades of fuel it 
is possible to bum fuel with less than 2% loss of 
combustible matter in the ash with bituminous, 
and less than 5% with anthracite coal. This is 
done with only 10% to 15% of excess air. 

In ordinary practice, the amount of combustible 
matter in the ash ranges from 15% to 50% and 
the excess air required is from 76% to 150% in 
hand firing and 60% to 76% with stoker firing. 
This reduction in excess air together with the fact 
that there is no bed of fuel through which the air 
must pass, with resultant drop in pressure, makes 
possible the use of much smaller draft equipment. 
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latter, that improved, methods of handling the 
powdered fuel have practically eliminated the 
danger. 

The Pulverizer 

The pulverizer is the most important part of 
the equipment of a pulverized fuel plant. It must 
be well built, dust-proof and economical in power 
consumption, since the power required in grinding 
is equal to if not greater than that required by 
the balance of the equipment in the entire pul¬ 
verized fuel plant. 

While it is theoretically true that the finer the 
fuel the more efficient the burning, other condi¬ 
tions occur in the process of burning which make 
extremely fine pulverizing a waste of energy. It 
has been found that bituminous coal need not be 
pulverized finer than 90-95% through 100 mesh, 
and 70-76% through a 200 mesh screen, and that 
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anthracite coal and coke need not be finer than 
85% passing 200 mesh. 

The amount of “coarse oversize” governs to a 
large extent the economical grinding limitations 
rather than the average fineness. Particles of 
oversize in bituminous coal should not be coarser 
than 65 mesh, and in anthracite coal or coke 
coarser than 80 mesh, for if larger particles do 
occur they drop out of the combustion zone before 
all of the combustible has been consumed. 

The maintenance of a uniform product free 
from coarse oversize is of vital importance and 
controls the combustion efficiency to a great 
extent. 

Grinding must be carried out in a logical man¬ 
ner to produce results commensurate with the 
ener^ expended. Authorities on methods of pul¬ 
verizing materials recognized: 

(a) That reduction should be effected in steps 
or stages. 

(b) That material which is sufficiently fine 
should be removed as soon as reduced to this fine¬ 
ness. 

(c) That the force exerted should be propor¬ 
tional to the work required. 

In grinding materials the particles undergoing 
reduction shoud not become imbedded with other 
particles already pulverized, or more energy will 
be required to effect their reduction, due to the 
necessity of beating through the mass until the 
few remaining particles have been reduced. On 
the other hand, if the fine material has been re¬ 
moved and the larger particles exposed, their 
reduction will then be a simple matter. 

It will be found that all successful grinding 
processes recognize this principle. 

TRANSPORT SYSTEMS* 

Fuller System 

The emulsion system is the latest application of 
pneumatic distribution just developed beyond the 
experimental stage. It is based on the principle 
that air produces an emulsion with pulverized coal; 
in other words, a small amount of air, thoroughly 
mixed with an impalpable powder, produces a 
heavy fluid mass that flows and throws waves like 
water, that can be stirred by a stick like a fluid, 
that feels fluffy and light. It seems that each i>ar- 
ticle of coal is surrounded by a tiny air volume 
which reduces the friction of the solid matter and 
counteracts the viscosity of surface tension. This 
fact has been known for oils and liquids, and is 
utilized commercially in several interesting appli¬ 
cations, but for pulverize solids it had been over¬ 
looked until lately. The remarkable qualities of 
emulsive mixtures open new possibilities to the 
pneumatic transportation methods, as powdered 
coal emulsions flow like heavy oil and can be 
pumped like a fluid. 

In its actual patented form the emulsion trans¬ 
port consists of a hopi)er feeding by gravity, a 
screw conveyor provided with a helix of variable 
pitch, rotating at high speed in a circular shell. 
The coal is compressed in this conveyor and deliv¬ 
ered to the nozzle, where a certain number of air 
jets produce the emulsive mixture which starts to 
flow through the pipe line, pushed by the constant 
pressure of the screw. An adequate system of 

•By Joseph Shadgen, Con. Eng.. In Iron Age- 
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gates and switch-valves gives to the system flexi¬ 
bility and adaptability. No cyclone separators are 
necessary, because the amount of air is too small 
for their action, less than 1/3 cu. ft. of air being 
required per pound of coal to emulsify pulveriz^ 
fuel. The air pressure depends on the nature of 
the coal and the length of the transportation, and 
varies from 15 lbs. to 50 lbs. per sq. in. The diam¬ 
eter of the screw and the diameter of the pipe 
govern the capacity of each system, which changes 
with the length of transportation. The power con¬ 
sumption per ton of coal is very small. As built 
today, the emulsion system is not purely pneu¬ 
matic, the pressure of the screw conveyor, being a 
mechanical force, causing the flow of the mass. 
The efficiencies obtained today are high and with 
further study and research can doubtless be greatly 
improved. 

The emulsion distribution system is too new 
to permit critical comparisons and to assign to a 
special field. The cost of distribution is very diffi¬ 
cult to egress in dollars and cents, and it is very 
hard to give reliable figures on that subject. Local 
conditions va^ and influence this item so much 
that generalities are misleading. In all fairness it 
must be said that the pneumatic distribution sys¬ 
tems have progressed considerably, and in their 
present form are far superior to the mechanical 
devices. When it comes to the choice between sys¬ 
tems it will be well to remember that no absolute 
superiority exists and that local conditions alone 
will decide on the most practical solution. Combi¬ 
nations of the various systems described above 
may be profitable and economical. 

Quigley System 

The pressure method of transportation uses the 
static pressure of the air and not its dynamic im¬ 
pact as motive force. The coal is not mixed with 
air, but pushed through the pipe line b.v pistons. 
The action can be compared to the mail tubes, 
where cylinders are shot through the conduits by 
a similar effect. The system consists of an air¬ 
tight tank, provided with suitable valves for the 
introduction of the coal with an inlet connection 
for the pressure of air and an outlet connection 
for the delivery pipe, the transport line with the 
necessary switching valves and cyclone separators 
over the furnace bins. 

The volume of air per pound of coal is very 
small, therefore small pipe areas are required, 
% in. to in. for air line and 2 in. to 6 in. for 
delivery line. The diameter of the transport pipe 
governs largely the amount of coal shot through 
the system, while the pressure of the air limits 
the distance of distribution. Sharp bends and 
angles in the pipe line ought to be carefully 
avoided and air-tight joints are absolutely neces¬ 
sary for reliable operation. 

Distances up to 1,500 yds. have been success¬ 
fully covered with an air consumption varying 
between 1 and 4 cu. ft. per lb. of coal at pressures 
between 15 and 20 lbs. per sq. in.; quantities like 
3,000 lbs. have been rushed through a 4 in. pipe 
in about 1 minute at a distance of 500 ft. These 
figures are merely indicative; they have no other 
purpose than to reflect the economies and results 
obtained. Thermodynamic calculations show that 
the efficiency is very low and suggest that consid¬ 
erable improvements remain possible. 
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By providing two pressure tanks and operating 
them alternately in conjunction with scales 
preferably of the recording type, the pressure sys¬ 
tem gives a constant delivery with easy checking 
and control at each furnace. The cost of installa¬ 
tion of the system is low, but the individual bins 
and feeders at each furnace are required which 
have to be taken into account in comparisons. The 
amount of air is small, but its high pressure neces¬ 
sitates an air compressor. Explosions are excluded, 
as the air and coal are not mixed. 

The pressure method is recommendable for dis¬ 
tribution over long distances to large furnaces. 
Outside of that field knowledge of the exact local 
conditions is necessary to give correct advice. 

The H<dbeck System 

The suspension method of distributing fine 
powder moves the solid particles suspended in an 
air current. To obtain this effect, two things are 
required: first, the ratio of the air stream must 
be so high as to overcome the weight of the solid 
at any i)oint of the circuit. 

This system has been very popular in the last 
few years, and consists essentially of a large pipe 
line 8 in. to 20 in. in diameter, varying with the 
amount of coal to be distributed, a high pressure 
fan producing the velocity of the circulating air, 
and a feeding device for the fuel. The coal-air 
mixture is tapped from the main line by valves 
into side pipes leading directly to the combustion 
chamber of the furnaces and a return pipe brings 
back the surplus coal to the main storage bin, thus 
avoiding all losses. The relation of coal to air can 
be made a constant, variable within limits by mak¬ 
ing the coal feeding devices dependent upon the 
volume or the velocity of the air currents. The 
ratio of the mixture varies usually from 35 to 70 
cu. ft. of air per lb. of coal; in other words, from 

to 1/2 of the air required for complete combus¬ 
tion of the coal, and the velocity of the current 
usually oscillates between 5,000 and 6,000 ft. per 
minute. 

This system, correctly designed and properly 
installed, gives excellent service. It has the ad¬ 
vantage of centralized control for a certain number 
of furnaces, and this quality makes it suitable, for 
instance, in forges with their numerous small fires 
because no individual bins and sei^rate feeders 
are necessary. The cost of installation is low and 
the upkeep reduced, as the fan motor is the only 
wearing part. 

The main defect of the system is the high 
power cost of the fan on account of the high veloci¬ 
ties. Furthermore, the length of the circuit is 
physically limited. Beyond certain distances, to 
avoid dust deposits and the pqssibUity of choking 
the pipe, relay stations with additional fans have 
to be installed. The coal air mixture is within the 
explosibility limits and, therefore, great care 
should be taken; absolute tightness of pipe line is 
essential, and proper precautions should prevent 
all possibilities of ignition. 

Heyl & Patterson Company System 

This is called, by the Heyl & Patterson Com¬ 
pany, the “closed circuit” system. It involves an 
automatic control of the amount of coal and air 
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in the system, the amount of coal being that neces¬ 
sary to procure the desired results; the amount of 
air to be less than that required to support com¬ 
bustion. 

This “sealed circuit” has no outlet to the air, 
preventing the distributing pipes from acting as 
a stack to carry heat or flame from the furnaces 
when the fan stops. 

Coal and air once mixed are circulated until 
burned, preventing the concentration of larger par¬ 
ticles in the hopper. The manufacturers claim this 
system to be “explosion-proof.” 

The amount of coal and air introduced into the 
system at any one time depends upon the intensity 
of the vacuum created in the carburetor by the 
blower. As more or less coal is consumed, the air 
valve in the carburetor is opened or closed and the 
speed of the controller is increased or decreased to 
meet requirements. The coal and air in the mixture 
are practically constant irrespective of the amount 
of coal consumed. Any surplus coal and air in the 
system is automatically by-passed to the cyclone 
separator located over the fuel storage hopper. 
This by-pass valve is operated with solenoid con¬ 
trol interlocked with the carburetor operating 
mechanism in such a manner that the valve will 
be closed at all times except when the controller is 
running at minimum speed. The valve in the by¬ 
pass line closes automatically whenever the power 
circuit to the blower is opened, whether by accident 
or intent of operator. 

SEPARATORS 

Several types are available for different uses. 

Some pulverizers require a cyclone separator 
for the separation of oversize for return to the 
machine. 

Dryers also require a cyclone separator to col¬ 
lect the dust carried off with the moisture as the 
air passes through the coal being dried. A sep¬ 
arator is also sometimes required over the furnace 
hopper to separate the coal from the transport 
air. 

DRYER 

Any dryer can be used which eliminates the 
danger of ignition of dust. This danger can be 
avoided only by reducing the temperature of the 
gases to about 270° F. before they come in direct 
contact with fuel. 

EXHAUSTERS 

Exhausters if used in Connection with the dryer 
should be built in sizes to suit the dryer capacity 
and control the volume of air passing through it. 

Blowers are used at the furnace to supply air 
for combustion. Best results are obtained by posi¬ 
tive control and close regulation of the air supplied 
to the furnace. 

Either “high pressure” or “volume” types of 
blowers may be used. The “high pressure” type 
supplies air (at pressures up to 8 ounces) for 
carrying the fuel from the powdered coal feeder 
to the burner. The “volume” type supplies, at a 
very low velocity, the additional air necessary to 
complete the combustion. In many plants sufficient 
compressed air is available from present sources 
so that additional capacity is not required. 
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FEED CONTROLLERS 

Feed controllers must be readily adjusted to 
meet varying conditions. 

The screw type is the best known and may be 
used for any capacity of fuel required. To avoid 
outside variable controls to regulate the speed of 
the control, shutter vanes may be used to restrict 
the openings through which the coal travels in the 
screw. 

The screw moves the fuel forward, where a 
slight quantity of air is thoroughly mixed with 
the coal. This jet of air should act as an ejector 
to prevent the bridging and arching of the fuel 
in the bin. 

The syphon type is for lower capacities and the 
compressed air syphon type of controller is used. 
This method, which thoroughly mixes the air and 
coal before it reaches the burner, avoids pulsating 
or puffing of the flame, which is a particularly val¬ 
uable attribute in furnaces having a restricted 
volume. 

BURNERS 

The burning of pulverized fuel depends to a 
large extent upon the nature of the flame desired 
and the work to be performed. 

Central Duct Type of Burner 

This type is extensively employed when a wide 
range of operation is desired or where the exact 
requirements are unknown and where flexibility 
and positive control are essential. This burner is 
so constructed that the combustion air completely 



Typical Central Duct Burner 


fills the burner at low velocity. The coal, having 
been previously mixed with a small quantity of air 
from the ejector, enters the center of the burner 
and commingles with the combustion air as it 
enters the furnace. Since the velocity of the com¬ 
bustion air is low, the mixture is, in effect, 
“breathed” into the furnace. 

The burning of the fuel under these conditions 
of low velocity simplifies the furnace operation 
and enables the operator to keep furnace tempera¬ 
tures under close control. 

Syphon T3^e Burner 

The syphon type burner is used principally 
where temperatures desired are known and fur¬ 
nace conditions are uniform and where the tem¬ 
peratures desired need be varied within a relatively 



narrow range. This burner is so designed that 
the mixture of pulverized fuel and combustion air 
takes place before entering the furnace, thus 
insuring a very short flame if desired, and more 
rapid combustion, still having the marked advan¬ 
tage of entering the furnace at very low velocity. 

Compiled from information furnished by the Hardinge 
Company, the Bonnot Company, and Heyl & Patterson Com¬ 
pany. 


INFORMATION FOR MANUFACTURERS 

In order that engineers of manufacturing com¬ 
panies may make intelligent recommendations as 
to the equipment best suited to any particular re¬ 
quirements, it is necessary that the following 
information be furnished: 

1 . Capacity of pulverized fuel required, in tons 
per hour? 

2 . The character of fuel to be used, whether 
bituminous coal, anthracite coal, coke breeze, lig¬ 
nite, etc., and where obtained, with approximate 
ash content? 

3. The maximum size that will be supplied to 
the pulverized plant? 

4. What are specifications as to fineness? 

5. What will be the percentage of moisture 
content as the fuel is Supplied to the plant? 

6 . What grinding machine, if any, is now in 
use and what results are at present being obtained, 
including screen analysis of feed and product, 
capacity per hour and power to operate? 

7. What form of power is to be supplied the 
pulverized fuel plant and how much i)ower is avail¬ 
able? 

8 . What system of burning the fuel is now 
installed? 

9. For what character of burning will the fuel 
be utilized—kilns, reverberatory furnaces, open 
hearth furnaces, boilers, etc.? 

10. Any other information which may be of 
interest in making out recommendations? 

It is very important that the information out¬ 
lined be as full and explicit as possible. Any 
recommendations as to capacity of plant based 
upon results obtained from installation already in 
operation and under practically similar conditions 
to those specified, with due allowance made for 
the difference in the process under consideration, 
should be given. 
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ELECTRICAL PRECIPITATOR TEST. 


TESTING FOR INSTALLATION OF 
ELECTRICAL PRECIPITATOR 


In these times of growing interest in the sub¬ 
ject Recovery of Waste Products, it often becomes 
necessary for smelting companies to make at least 
preliminary tests to determine the advisability of 
installing electrical precipitation plants. To a cer¬ 
tain extent the same or similar tests must be em¬ 
ployed for the proper consideration of any other 
type of apparatus for removing non-gaseous par¬ 
ticles from furnace gases. The following outline 
is intended to include practically all of the informa¬ 
tion necessary for the approximate determination 
of the conditions which must be studied in figuring 
on a recovery plant. It is presented in the shape 
of Record Forms for: 

I—^Velocity and Volume Tests. 

II—Sampling Tests. 

III— Electrical Conditions. 

IV— Recording of Performance under Different 

Conditions. Special Tests and Data. 

I—^Velocity and Volume Tests, etc. 

A—Pitot Tube Readings for 

1— Static Pressure 

2— Dynamic 
B—^Anemometer 

C—Orifice 

D—Other Methods for Gas Velocity 
E—^Temperature 

1— ^Thermometer 

2— ^Pyrometer 

F—Humidity, Dew Point, etc. 

1— ^Psychrometer 

2— ^Trial Methods, etc. 

II— Sampling Tests 

A—Measurement of Gas Samples 

1— ^By Meter 

2— ^By Displacement 

3— By Pitot Tube 

4— Other Methods 

5— Corrections for Temperature, etc. 
B—Analysis of Gases 

1— ^For Acidity or other important 

constituents re Corrosion 

2— ^For CO, Hj, etc., re Explosibility 

3— Complete Analysis 

C—Measurement of Dust Contents 

1— Recovered by Precipitator 

2— Recovered by Extraction Thimble 

or Filter Paper, etc. 

3— Loss by Drying, etc. 

D—^Analysis of Dust Contents 

1— ^For Values and Differentiation in 

proportion of these in different 
parts of the precipitator. 

2— ^Physical Classification according 

to size by (a) Screening and 
(b) Microscope. 

3— Classification according to Density 

and other physical characteris¬ 
tics, etc. 

III— Electrical Conditions (For Electrical Precipi¬ 

tation Only) 

A—Primary Circuit 

1— Line Voltage 

2— ^Transformer Voltage 


3— Current 

4— Resistance 

5 — Transformer Tap 

6 — Kilowatts 

7— ^Power Factor 
B—Secondary Circuit 

1 — ^Voltage 

a—^By Ratio 

b—By “Sphere Gap" 

c—By Position in Line 

2— ^Milliamperes 

3— Resistance 

4— Spill-over 

IV—Special Tests and Data 

A—Effect of Changes in Plant Conditions 
B—Effect of Changes in Atmospheric Condi¬ 
tions 

C—Effect of Changes in Gas Velocity Thru 

Precipitator 

D—Effects of Changes in Temperature 
E—Effects of Humidification 
F—Effect of Changes in Electrical Circuit 

1 — ^Use of Low Voltage Resistance 

2— Use of High Voltage Resistance 

" 3—Spill-over 

4— ^Inductance Coils 

5— ^Miscellaneous 

The most common practice is for the smelting 
company either to have its own engineers make a 
preliminary test or to contract with the companies 
which install Recovery Plants to make a prelim¬ 
inary test. Upon the results of this preliminary 
test rests the decision of the smelting company as 
to whether a further investigation is advisable. 
If it is so considered the next move is to contract 
with the construction company to make exhaustive 
tests. These final tests furnish the company with 
data as to: 

I—^Values being lost. 

II—^Volume and physical and chemical condi¬ 
tions of gas and dust. 

Ill—Size of installation, construction materials, 
power requirements and other data neces¬ 
sary for estimation of efficiency and cost 
of the proposed installation. 

Further details will be furnished by any of the 
companies specializing in such work. 


COMBTBS SOA&ES 

The following are the formulae for the conversion of de¬ 
grees of one scale to those of another; 

Fahr. • — 32x5 


• = Centigrade • 


Centigrade • x 9 


-h 32 = Fahrenheit * 


Reaumur • x 5 


= Centigrade * 


Fahr. • — 32 x 4 


■ = Reaumur * 


Centigrade * x 4 


■ = Reaumur * 


Reaumur • x 9 


• -f 32 = Fahrenheit* 
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METALLURGICAL DATA, 


MECHANICAL SAMPLING 


Some automatic samplers take part of the 
stream all of the time, whereas others take all of 
the stream part of the time. But as the values in 
an ore are never evenly distributed across the 
stream, the former is not so efficient a method as 
the latter. R. H. Richards mentions seven essen¬ 
tial features of a perfect mechanical sampler, which 
are: 

1. It must take the whole stream of ore (wet 
or dry) part of the time. 

2. The scoop that cuts out the sample must 
move completely across and out of the stream in 
one direction at each cut, for, if it enters from one 
side, and is then withdrawn on the same side with¬ 
out havinsT completely crossed the stream, more 
ore will be taken from the side at which the scoop 
enters and leaves than from the other side. He 
also adds that although such a scoop may take part 
of the stream at a given time, it does take a true 
section across the stream and virtually takes the 
whole stream part of the time. 

3. The scoop must move at a uniform rate, and 
the top of the scoop must, in all positions, be at 
right angles to the direction of the stream, in order 
to take equal proportions from all parts of the 
stream. This condition, he advises, is well obtained 
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Element 

Valence 

At. Wt 

Electrochemical 
Equivalent 
(1 amp. 1 sec.) 

A1 -1 

h. 

3 

27.1 

0.00009363 

Ag - 


1 

107.88 

0.0011183 

Br - 


1 

79.92 

0.00082845 

Cd - 


2 

112.40 

0.00058257 

Ca - 


2 

40.0 

0.00020732 

Cl - 


1 

35.46 

0.00036758 

Co - 


2 

58.97 

0.00030564 

Cu - 


2 

63.57 

0.00032948 

Sn - 


2 

119.0 

0.00061678 

Sn - 


4 

119.0 

0.00030839 

Pe - 


2 

55.84 

0.00028947 

Pe - 

-. 

3 

55.84 

0.00019267 

P - 

—. 

1 

19.0 

0.00019695 

H -4-. 

1 

1.008 

0.000010449 

I - 

—. 

1 

126.92 

0.00131566 

Hg - 


2 

200.6 

0.00103661 

Hg - 


1 

200.6 

0.00207322 

NI - 


2 

58.68 

0.00030414 

Au - 


3 

197.2 

0.00068139 

O - 

—. 

2 

16.0 

0.000082928 

Pt - 


4 

195.2 

0.00050584 

Pt - 

-. ... 

2 

195.2 

0.00101168 

Pb - 


2 

207.1 

0.00107340 

K - 


1 

39.10 

0.00040531 

Na - 


1 

23.0 

0.00023842 

Zn - 


2 

65.37 

0.00033881 

Sb - 


3 

120.2 

0.00041532 

Mg - 


2 

24.32 

0.00011567 

Mn - 


3 

54.93 

0.0001891 

SI - 

— . 

2 

28.3 

0.0001449 

S - 

“ . 

2 

32.07 

0.0001656 


Gore. Art of Elec. Separation of the Metals. 
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Strength 
Solution 
Per Cent. 

Copper Sulph. 

Iron Sulphate 

Sulphuric Acid 

Ohms 

per 

cc. 

Ohms 
per 
cu. in. 

Ohms 

per 

cc. 

Ohms 
per 
cu. In. 

Ohms 

per 

1 cc. 

Ohms 
per 
cu. in. 

2.5 

92 

37 





5.0 

1 53 

21 



4.8 

1.9 

7.5 



65 

26 



10.0 

zi 

a 



2.5 

i.6 

15.0 

24 

10 

34 

ii 

1.8 

0.7 

17.5 

22 

9 





20.0 





i!5* 

oie' 

25.0 





1.4 

0.56 

30.0 



25 

io 

1.37 

1 0.55 


J. W. Richards, Met. Calc. 
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from a vertical stream and a horizontal scoop, in 
the case of a revolving scoop. 

4. If the scoop that cuts out the sample re¬ 
volves about an axis, two sides of the scoop should 
converge towards the axis in order to take equal 
proportions from all parts of the stream and the 
scoop may be adjustable to take larger or smaller 
proportions of the ore. 

6 . The interval of time between cuts should be 
constant. 

6 . The scoops must be dqep and broad enough 
so that ore that has once got into them will not 
bound out again; and if the scoops have closed bot¬ 
toms they must not be allowed to fill up so that 
some of the ore runs over, as this would produce a 
concentration of the heavy mineral, especially 
when the ore is carried in running water. 

7. The machine should be simple and easily 
accessible for cleaning, to avoid danger of contam¬ 
inating subsequent samples. 

There are some samplers now used in mills and 
smelters that cover all of these points mentioned 
by Dr. Richards in his “Text Book on Ore Dress¬ 
ing.” Such samplers are the Snyder, the Vezin and 
the Brunton. 


SPECIMEN FORM SHEET FOR SCALES 

(Znfoxmatlon Dasired hj Manufacturers) 


style of Scale: 

Railroad Track. 

Wagon . 

Hopper. 

Tipple . 

Portable. 

Style of Beam: 

Single with Weights. 

Double with Weights. 

Triple with Weights. 

Compound . 

Recording. 

Distance from middle of edge of platform to beam 
rod . 

Capacity: 

Total—Dead and Live Load. 

Dead Rail ..... 

Platform: 

Length . 

Width. 

Framing: 

Timber.. 

Steel. 

Foundation: 

Stone . 

Concrete . 

Character of soil where scale will be erected. 


Number of feet of straight track where scale will 
be located. 
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METALLURGICAL DATA. 


PLOW OF GAS IN PIPES 


STACK DRAFT FORMULA 


If d = Diameter of pipe in inches 

Q = Quantity of gas in cu. ft. per hour 
1 = Length of pipe in yards 
h = Pressure in inches of water 
B = Specific gravity of gas, air being 1, 

then 

/ Q*sl 

d = V- 

V (1350) *h 


(1350)*d» 

/~dir 

Q = 1350d* /- 

V si 


/~ 3 ^ 

= 1350 /- 

V si 

/ d'h 


or Molesworth gives Q = 1000 /- 

V si 

/ d»h 

while J. P. Gill gives Q = 1291 /- 

V s(l+d) 


(Kent) 


VAPOB TBirSIOV or VAJUOVS 


( 7.6 7.9 \ 

-I 

tfl+460 ti^+460 / 

d=draft in inches H^O 

h=height of stack in feet 

t<7=temperature of air; t^=temperature of gas. 

Example: 

For 100 ft. stack— 

Ta= —10° F.; T^=300‘' F. 

7.6 7.9 

d=100-= 100 (.0169 — .0104) 

450 760 

d=100 (.0065) = .65" H,0 = total head. 

—Bureau of Mines. 


OOMPAXZSOV OF TAXiirBS FOB 8UBFAOB TBH8XOV 
OF MBTAXiB 


Djnes per 
Oentiflieter 


Vapor Tmlao 

Merenrj 

Lead 

1 Silver 

Odd 

Cadmium 

Zinc 

mm. of llercoiy 

at a* 

at C.* 

1 at C.* 

at C.* 

at C.* 

at C.* 


Selenium 

Antimony 

Bismuth 

Lead 

Mercury 

Tin 

Aluminum 

Zinc 

Cadmium 


Gold 

Copper 


8. W. Smith 

Quindu 

Siedentopf 

Grunmacb 

Dynes per 
Centimeter 

Dynes per 
Centimeter 

Dynes per 
Centimeter 

Dynes per 
Centimeter 


1018.0 

1178.0 


Qrademrtti 

751.0 

HeFthrellbr 

612.2 


0.0002 

0.0005 

0.0013 

0.0029 

0.0063 

0.013 

0.026 

0.050 

0.093 

0.165 

0.285 

0.478 

0.779 

1.24 

1.93 

2.93 
4.38 
6.41 
9.23 

14.84 

19.90 

26.25 

34.70 

45.35 

58.82 

75.75 

96.73 

123.0 

155.0 

195.0 

242.0 

300.0 

369.0 

451.0 

548.0 

663.0 

760.0 


S. W. Smith, Institute of Metals. 


BATBNT KBAT OF FUSION 


Aluminum . 

Antimony . 

Bismuth . 

Bromine . 

Cadmium . 

Calcium . 

Copper . 

Cobalt . 

Gold . 

Ice . 

Iridium . 

Iron—cast white.. 
Iron—cast gray. . 

Iron—pure . 

Lead . 


100.0 

Magnesium ... 

40.2 

Mercury . 

12.64 

Nickel . 

16.18 

Palladium . 

13.02 

Platinum . 

52.6 

Phosphorus ... 

43.3 

Potassium .... 

68.0 

Selenium . 

16.3 

Silicon . 

79.77 

Silver . 

26.1 

Steel . 

23.0 

Sulphur . 

33.0 

Tellurium . 

69.0 

Tin . 

5.37 

Zinc . 


Hofman’s Genl. Met. 


TKBBMAXi OOHBUOTIVXTT OF BBFBAOTOBIBS 


Quartzite Silica Magnesite 
(Ganister (Ganister (Dead 
and Clay) and Lime) Burned) 


Atmospheres Pressure 


J. W. Richards. 


2.1 

400 

1951 

2197 

2722 

851 

1012 

Iron Oxide.. 
Lime . 

4.25 

450 

2116 

2380 

2945 

934 

1107 

Magnesia . . 

8.0 

500 

2280 

2564 

3167 

1018 

1203 

Alkalis .... 

13.8 

550 

2445 

2747 

3390 

1101 

1298 

Loss on Ign 

22.3 

600 

2609 

2931 

3612 

1185 

1394 

Density .... 

34.0 

650 

2774 

3114 

38.35 

1268 

1489 

K at 100* C. 

50.0 

700 

2938 

3298 

4057 

1 

1352 

1585 

K at 1000* C 


T. A. E. S., Boyd Dudley. 
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WINSLOW GOVERNMENT STANDARD SCALE WORKS, INC. 


SCALES. 7^^ 


Winslow Government Standard Scale Works, Inc. 

Terre Haute, Indiana, U. S. A. 

Manufacturers of 

HEAVY CAPACITY SCALES 


Products 

We manufacture all sizes of heavy Scales, from 1 to 325 tons capacity; Mine Scales for tipple and 
underground service. 


Construction 

We use roller bear¬ 
ings to protect the knife 
edges from shock and 
scraping wear, thus in¬ 
suring a life four times 
that of a scale suspended 
and wearing its knife 
ed^s by continual oscil¬ 
lation. 

With the Winslow 
Scale no amount of 
shock can produce any 
slipping or scraping of 
the knife edge bearing on 
the surfaces with which 
they come into contact— 
an exclusive feature of 
our scale. 

THIS IS THE BEST RAILROAD TRACK SCALE THAT BRAINS AND MONEY CAN PRODUCE. 
Winslow Motor Truck Scale 

The illustration below shows our latest improved “H Type” Motor Truck Scale. All main levers in 
this type of scales are of the same standard multiple. Each main lever sets on a stationary stand which 
rests on solid concrete foundation; this keeps the levers quiet and stops friction on knife edges. Ample 
motion of platform is given by use of rollers. 




Winslow Motor Truck Scale 


No main levers are held in suspension or permitted to swing. It is more simple, having less parts 
than any other motor truck scale on the market. There are only five levers under the scale. This makes 
it more durable and accurate and less liable to get out of order. 

We Make a Specialty of Strong Motor Truck Scales. 

MINING CATALOG SECTION XIX 


Digitized by LjOOQie 





















MATERIAL HANDLING EQUIPMENT. 


THE C. O. BARTLETT & SNOW CO. 


THE C. O. BARTLETT & SNOW CO. 

Main Office and Works: CLEVELAND. OHIO, U. S. A. 

Designers and Builders of 

Material Handling and Processing Equipment 


Products 

Conveying and Elevating Machinery; Skip 
Hoists; Dryers; Crushers; Pulverizers; Screens; 
Mixers; Feeders; Coolers; Bin Gates; Rotary 
Kilns; Car Hauls and Retarders; Coaling Stations; 
Mining Tipples; Sintering Plants. 

Dryers for All Materials 

Bartlett and Snow Dryers comprise thirteen 
different types, each one of which has been de¬ 
veloped for drying a certain class of materials. If 
you will tell us the hourly tonnage, the amount of 
moisture in the wet material, and the amount of 
moisture (if any) that may be left in the product, 
we’ll be glad to tell you which dryer will do your 
work best. 



Style R, Used Principally for Concentrates and Fine Material 



Style S, Used Principally for Ores and Chemicals 



Style C, Used Principally for Coal 




Conveying and Elevating Machinery 
Bartlett and Snow Conveying 
and Elevating Machinery is 
built particularly for those con¬ 
ditions which are unusual or 
exacting. Bartlett and Snow 
engineers are always glad to 
offer their suggestions and give 
their co-operation on the design 
of conveying equipments. 


Belt Conveyor and Bucket Elevator 


Skip Hoists 

When conditions are 
severe, and bucket ele¬ 
vators may be subject 
to excessive wear or 
when lifts are high or 
capacities large, skip 
hoists will prove eco¬ 
nomical and depend¬ 
able because of their 
ruggedness, simplicity, 
and low cost of opera¬ 
tion. 

Power plants, steel 
mills, chemical plants, 
mines, and sintering 
plants can use Skip 
Hoists for lifting coal, 
coke, ashes, limestone, 
flue dust, slag, ores 
and other gritty ma¬ 
terial. 



Skip Hoist Handling^ Ore 



The Cyclo Crusher-Pulverizer 
Cyclo Crusher-Pulverizers 
are built for crushing mate¬ 
rials of medium hardness. 
They take relatively little 
power, most of the crushing 
being done by impact of the 
material against the crush¬ 
er blocks. Bulletin 42 fully 
describes this machine. 
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RUGGLES-COLES ENGINEERING CO. DRYERS. 

RUGGLES - COLES ENGINEERING CO. 

ESTABLISHED 1893 

120 Broadway, NEW YORK CITY 

Designers and Builders of 

Rugglcs-Colcs Dryers 

Products Class “C” Dryer 


Ruggles-Coles Rotary and Paddle Dryers; double 
and single shell; eight standard types for drying by 
means of direct heat, indirect heat or steam. 

Class “A” Dryer 

This is a patented double shell, direct heat dryer 
especially adapted for materials which can be dried 


large quantities, viz: 


Coal 

Rock 

Coke 

Sand 

Ores 

Stone 

Clays 

Concentrates, etc. 


With this type of dryer, the maximum tempera¬ 
ture to which the material can be heated is 400° F., 



Class "A” Dryer 


though the machine may be so operated that the 
material will not be heated to over 220° F. • 

Our Class “A” Dryer is built in nine standard 
sizes. 

Class “B” Dryer 

Our Class “B” Dryer is a patented double shell, 
indirect heat dryer,especially designed for drying 
China Clays Whiting 

Talc Rock Kaolin 

and those materials which may be dried at a fairly 
high temperature but must not come in contact with 



Class “B” Dryer 


the products of combustion due to possible injury 
or contamination. 

This dryer is made in three standard sizes. 

MINING CATALOG 


A rotary steam dryer for materials which must 
be dried at a low temperature to prevent injury to 
the material, viz: 

Brewer’s Grains Starch Feed 
Cotton Seed Tobacco Stems 

Com Germs, etc. 



Class “C” Dryer 


Either live steam or exhaust steam may be used 
to greatest advantage with our Class “C” Dryer, 
which is made in four standard sizes. 

Class “D” and “E” Dryers 

These are paddle dryers, built in special sizes for 
direct heat, indirect heat or steam—depending upon 
the material to be dried. 

Class “F” Dryer 

This is a single shell, direct heat dryer of heavy 
and substantial design for use on those materials 



Class "F" Dryer 


and in those places where first costs are the main 
consideration. 

Our Class “F” Dryer is built in seven standard 
sizes. 

General 

For over a period of 28 years, the Ruggles-Coles 
Engineering Company have specialized in drying 
problems and drying equipment. Our dryers possess 
a high reputation for rugged construction; con¬ 
tinuity of operation; low maintenance and operat¬ 
ing costs; greatest capacity and thorough drying. 

We suggest that inquiries regarding any of our 
eight types of dryers be accompanied by specific in¬ 
formation concerning the material to be dried and 
conditions of operation. Full details will be gladly 
submitted. 
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SINTERING MACHINERY. 


DWIGHT & LLOYD SINTERING CO., INC. 


DWIGHT & LLOYD SINTERING CO., Inc. 

29 Broadway, NEW YORK CITY 
Cable Address: Sinterer, N. Y. 

Sintering and Agglomerating Apparatus 

Sintering fine ores and concentrates by the D & L process and apparatus is standard practice the 
world over, for the preparation of ores and concentrates for blast furnace or other subsequent treat¬ 
ment. The process and , . ^_ 


apparatus are thoroughly 
protected by basic patents 
throughout the world. 



sinterin g Machin e 


Automatic 

Feeder 


□ □ 




In the Non-Ferrous Field 

Are at present being treated oxidized, 
partially oxidized and base ores, calcines, 
flue-dust, fumes, by-products, and other spe¬ 
cial materials, phosphate rock and other 
earthy minerals. 

In the Ferrous Field 

Are being treated hematite and magnetite 
ores and concentrates, flue-dust, pyrites cin¬ 
der, blue-billy, mill scale and other special 
products. 

We specialize in the solution of roasting 
and sintering problems in both ferrous and 
non-ferrous metallurgy—iron, lead, copper, 
zinc, tin, precious metals, etc. 


Typical Arrangement of D. & L. Sintering Machine 
(Horizontal Type) 

We have a TESTING PLANT equipped 
with roasting and sintering apparatus for 
the solution of such problems on a working 
scale, and our engineering staff, composed of 
trained metallurgists, chemists and mechan¬ 
ical enginers experienced in this field are at 
your service. 

We undertake the design, erection 
and operation of sintering plants and -— 

apparatus, automatic feeding, pro¬ 
portioning and handling systems, 

high vacuum fans _ j, - 

for hot gases. 


i Bell Conveyor 

ELEVATION OF MIXING BINS 


SEtvriuN THROUGH 
BINS AND FKEDEBd 


I/- /- 


/mv-1 


-——1- 

2 ^ 1 


■ -x-j 


, . -y-' 1 

■j. 

L_; 



1 1 

IXU —-U-1— 





j ^1^.^ 


Large Type (Inclined) Machine, Built for Capacities Up to 800 Tons Per Day 

ALLIED OR ASSOCIATED COMPANIES 


Dwight & Lloyd Metallurgical 
Company 

29 Broadway, New York City 

Consulting Metallurgists and own¬ 
ers of the Dwight & Lloyd patents for 
process and apparatus in countries 
other than North America. 


American Ore Reclamation 
Company 

71 Broadway, New York City 

Sole licensee for the exploitation of 
the Dwight & Lloyd system and appa¬ 
ratus for ferrous metallurgy in North 
America. 


Sintering Machinery Corp. 

Netcong, New Jersey 
Licensed manufacturers of all Dwight 
& Lloyd apparatus, also special fans, 
stacks and furnaces. 

Pulverized coal burners for Ignition 
furnaces. Mixers, and pug mills, and 
other accessories. Sheet and structural 
work, and special smelter fabrication 
in general. 
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GENERAL CHEMICAL CO. (Herreshoff Furnace Dept.) 


SMELTING EQUIPMENT, 


HERRESHOFF FURNACE DEPT. 


of the 

GENERAL CHEMICAL COMPANY 
40 Rector Street 
NEW YORK, N. Y. 


of the 

PACIFIC FOUNDRY COMPANY 

18th and Harrison Streets 
SAN FRANCISCO, CAL* 


Products 


The New Herreshoff Furnace 


f(a) 


for Roasting Ores 


1(b) 


for the Manufacture of 
Acids. 

for Metallurgical Pur¬ 
poses. 


for Calcining, 
for Drying. 

In the roasting of ore the problem is to so man¬ 
age the operation that as high a temperature as 
possible may be used at each step of the roasting, 
without at any time reaching conditions that cause 
fusion. By means of patented temperature control 
features incorporated in the New Herreshoff Fur¬ 
nace these temperature requirements, so essential 
to successful operation, can be controlled and main¬ 
tained to the highest efficiency. 


In the Calcination of materials where specific tempera¬ 
tures must be maintained for a given period of time the 
New Herreshoff Furnace has demonstrated its efficiency on 
account of its close temperature regulation and large hearth 
area on which the specially desig^ned rabbles effectively ex¬ 
pose each particle of material to the necessary temperature. 
The economy of space due to the compact construction of the 
furnace a^d the consequent economy of fuel are additional 
factors in making this apparatus so effective as a Calciner. 

In the Drying of materials the New Herreshoff Furnace 
has been successfully adapted to specific problems. 

Air is used for cooling the New Herreshoff Furnace 
and its function is fourfold. 


1st—It keeps the cast iron shaft and arms at a tempera¬ 
ture where the metal possesses its maximum strength. 

2nd—It serves to regulate the temperature of the roast¬ 
ing process itself: for, since it is a forced draught, it can be 
exactly controlled, and so regulated as to maintain a proper 
temperature inside the furnace. 

3rd—It permits the installation of temperature control 
flues, which absorb any excessive localized heat and trans¬ 
mit it to the cooler zones of the furnace. 

4th—It permits the utilization of waste heat for combus¬ 
tion, either with or without the use of extraneous fuel. 


Construction and Operation 

The New Herreshoff Furnace has a cylindrical steel shell 
placed vertically, lined with red or fire brick, and in this shell 
brick hearths are placed horizontally one above the other. 
Utilization of the top (or roof) of the first hearth has been 
made so that it acts as a pre-heater. The ore drops from 
the hopper to this preheating hearth and is rabbled across 
it, thereby freeing itself of a great portion of its moisture 
content before entering the furnace. Passing down through 
the center of these hearths is a double vertical hollow shaft. 
Attached to this shaft between the shelves are two remov¬ 
able arms carrying replaceable rabbles, or teeth. On the 
first hearth the rabbles are placed at such an angle that the 
revolving arms plow and turn the roasting ore over in a 
regular way, making it travel from the center of the hearth 
outward. From there it discharges through proper openings 
onto the hearth below, where the teeth are placed at an oppo¬ 
site angle to the one above so as to turn and plow the ore 
from the outside toward the center of the furnace, where it 
again drops to the hearth below, as shown in the illustration. 
This operation is repeated until the ore finally discharges 
through an opening placed at the outer edge of the bottom 
hearth. The rabble teeth are so arranged, in regard to their 
pitch and progression, that the movable ore body maintains 
a regular form of furrows, from the center to the circumfer¬ 
ence on all hearths. 

The life of the central shaft and arms, as well as the 
teeth, is prolonged by internal cooling. This cooling is ac¬ 



The New HerresholC Furnace 


complished by air, which is forced into the bottom of the 
shaft, as shown in the illustration, and then delivered 
through the central shaft, from which it passes in multiple 
at once into all the arms. After cooling the arms and shaft 
the air is conveyed to the annular bustle pipe surmounting 
the vertical temperature flues, through which it passes to the 
bottom shelf, fulfilling a twofold purpose: first, the equaliza¬ 
tion of temperatures on the hearths; second, additional oxi¬ 
dation for combustion by the admixture of preheated air. 

Sizes 

The Herreshoff Furnace is built in diameters of 
11 '- 71 / 2 ", 15'-934", 18'-0", 19'-6", 21'-6", with from 
5 to 9 hearths as required. In addition a laboratory 
size has been developed for experimental-purposes. 
This has a diameter of 4'-6" With 6 to 10 hearths as 
required. 

Uses 

There were in 1921 over 2200 of various sizes of 
the Herreshoff Furnace in practical and economical 
operation in the following fields: 

1— Roasting pyrites for manufacture of sulphuric acid. 

2— Roasting pyrites for manufacture of sulphite pulp. 

3— Roasting pyrrhotite for manufacture of sulphuric acid. 

* 4—Roasting of mixed sulphides for magnetic separation. 

5— Preliminary roasting of simple or complex sulphides 
for metallurgical work. 

6— Calcination of materials where specific temperatures 
must be maintained for a given period of time. 

7— Drying. 

Inquiries 

Each inquiry is treated as a special engineering 
problem. 
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METALLURGICAL EQUIPMENT. THE STEARNS ROGER MFG. CO. 

THE STEARNS-ROGER MFG. CO. 

DENVER, COLORADO 


Engineers, Contractors and Manufacturers 


Products 

For forty years, The Stearns Roger Manufacturing Company has been engaged in the design and construction of 
mining equipment, as well as complete mining, metallurgical and power plants. 

The new works, into which it will shortly move, will be the largest, most modem and best equipped of the kind west 
of the Mississippi River and will afford even better facilities for the economical production oi the heaviest types of 
foundry, machine shop or boiler shop products, either standard or special. 

Standard Stearns-Roger Machines include the following: Ball Mills, Crushers, Cages and Skips, Coal Crushers, Con¬ 
centrating Tables, Cyanide Machinery, Coolers, Dryers, Elevators, Filter Presses, Flotation Machines, Gold Dredges, Ket¬ 
tles and Slag Pots, Lime Kilns, Magnetic Separators, Rolls, Samplers, Tanks, Trommels and Transmission Machinery. 



The Baker Cooler 


The Baker Cooler (Patented) 

The problem of efficiently and economically cooling and conveying red hot ore and other materials is solved by the 
Baker Cooler illustrated above. 

The cylinder is partly submerged in the water bath contained in a concrete tank surrounding it and, by displacement, 
is FLOATED on the water, thus reducing friction to a minimum and economizing power. The shell is protected by the 
water jacket action of the bath and cooling is effected partly by absorption of heat in the water but chiefly through 
evaporation from the constant film of water on the exposed sunace. 

The hot material, introduced through one cone-shaped end, is advanced by i)lows and raised and discharged at the other 
end by the spiral shown, without loss of head room. The hourly heat dissipation is from 5% to 6^ B.T.U.^s per square 
foot per degree difference between inside and outside temperatures. Standard diameter is 5 feet. Lengths vary from 10 to 
60 feet according to desired capacity. Feed temperatures up to 1800 degrees Fahr. Capacities up to 15 tons per hour. Less 
than 3 H. P. and 20 gallons water per minute required when cooler is under 30 feet in length. Operation is dustless and 
upkeep expense negligible. ..Special equipment can be provided if unusually low final temperatures are required. 



Ball Mill or Granulator 


The Overhung Ball Mill (Patented) 

The Steams-Roger Overhung Ball Mills or Granulators 
are simple, sturdy, economical and fool-proof. 

Singly, in pairs or in tandem, and operated either wet or 
dry, they are doing the entire grinding in small mills and 
e^erimental or testing plants. They are unexcelled as 
middling grinders. i 

The drum—an inexpensive rough casting of special hard 
iron, quickly and cheaply replaced—is the only wearing part. 
No gears—bearings reversible, adjustable and self-aligning. 

Built with or without grates and radial lifters and in 
two sizes: 3'xl8" requiring 6 to 7 H. P., 3'8"x6'3" floor 
space, and weighing 3,500 pounds; 4'x2' size requiring 
9 to 12 H. P., 6'x7' floor space, and weighing 6,000 pounds. 
Capacity up to one ton per hour or equal to that of any 
other ball mill of similar size. 


The Brown Flotation 
Machine (Patented) 

The Brown Flotation 
machine is unusually 
simple in construction 
and operation. It has 
only one moving part— 
the froth paddle. Na 
porous blanket to choke, 
no valves, no sensitive 
pulp levels. It is recom¬ 
mended for general or 
selective flotation, for 
clean-up purposes and as 
a scavenger or ^ard — 
where its low initial and 
operating cost, together 
with the completeness of 
recovery and high grade 
of froth produced, make 
its installatiop almost in¬ 
variably highly profit¬ 
able. 

It can be shut down without draining—starts immediately 
the air is turned on, requires few adjustments and operates 
steadily. 


Sizes Made 

1 Floor Space 
for 4 Cells I 

Air Requirements | 

Capacity 
Tons per 
24 Hours 

1 Cu. Ft. 1 

ILbs. Pressure 

4' 1 

4 ' 2"x 

33 


50 

5' 1 

4'10''xl2'6* 

44 

3 

100 

C' 

5 ' 6"xl2'6'' 

65 

4 

200 



Brown Flotation Machine 
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AMERICAN ABRASIVE METALS CO. RABBLE BLADES. 7QQ 


AMERICAN ABRASIVE METALS CO. 

50 Church Street, NEW YORK 

Makers of 

^TERALUN'^ Rabble Blades and Pug Mill Paddles 

Patented February 17, 1920, and May 25, 1920 


Products 

Rabble Blades; Pug Mill Paddles; Anti-Slip 
Treads and Floor Plates; Brake Shoes. 

“Feralun” Rabble Blades 

In the operation of roasting furnaces the rabble 
blades are the source of a great deal of trouble and 
expense. Blades are ordinarily made of cast iron, 
and these soon wear out, due to the action of heat 
and the abrasive material being handled. Wear is 
most rapid on the bottom and front edge, causing 
the hearth to build up. Material must be kept mov¬ 
ing or it soon forms a clinker and interferes with 
operation of the furnace. When clinkering occurs 
the furnace 
must be shut 
down and allow¬ 
ed to cool off 
enough to per¬ 
mit workmen to 
enter, plow 
or bar up the 
hearth, remove 
the old blades 
and insert new 
ones. All this 
together with 
the cost of new 
blades, constitutes a large item of expense. 

“Feralun” Rabble Blades do not differ materially 
in form or appearance from ordinary cast iron 
blades. But along the edge where the greatest wear 
comes, chunks of abrasive grit, excelled only in 
hardness by the diamond, are embedded in the 
metal. This grit is embedded in a special iron com¬ 
position which gives a rabble having a long life and 
requiring less frequent renewals than blades of cast 
iron. Cut shows distribution of grit on working 
edges of rabble. 



“Feralun" Rabble Blade Showing Grit 

Advantages of “Feralun” Rabble Blades 

Lasting five to ten times as long as cast iron 
and selling for only two or three times as much. 


blades of “Feralun” cut maintenance costs and 
increase production. 

Lost time of production is greatly lessened, the 
furnace is enabled to work at capacity many more 
days per year, and only one-fifth to one-tenth as 
many blades must be bought for renewals. One 
company got 20 days’ service from cast iron blades 
and 120 days from “Feralun.” After adopting 
“Feralun” they gained in active operation of their 
furnaces nine days in four months, which is at the 
rate of 27 days saved per year. Being cast, the 
“Feralun” Blades are obtainable in any design to 
fit the various types of holders used in Wedge, 

M c D 0 u g a 11 
and Herreschoff 
Furnaces. 

“Feralun” Pug 
MiU Paddles 
In Pug Mills, 
the application 
of “ Feralun ” 
Paddle Blades 
has all the 
advantages of 
“Feralun” Rab¬ 
ble Blades in 
Roasting Furnaces. For paddles and blades in Pug 
Mills used in preparing materials for sintering, 
brickmaking, etc., “Feralun” is obtainable in shapes 
to meet customer’s requirements. 

In a mill mixing materials for a sintering plant, 
iron paddles lasted ten days, while “Feralun” pad¬ 
dles remained in use three months and still were 
giving good service. 

‘'Feralun” Anti-Slip Treads 

Anti-Slip Treads, made of “Feralun,” reduce the 
danger of accidents from slipping around furnaces, 
boiler rooms and on stairs. Mud, oil or soapy 
water does not make them slippery. Treads or 
plates of “Feralun” do not deteriorate though cor¬ 
rosion like those having a steel base. 

Used For 

Shipping Platforms and Runways, Boiler and 
Machinery Room Floor Plates, Trench and Gutter 
Covers and Drainage Gratings, Fire Door Saddles 
and Fire Escape Steps, Coal and Manhole and Hoist 
Covers, Engine Steps and Running Boards, Crosses 
and Strips for Inclines, Car Steps and Platforms, 
Stair Treads and Landings, Elevator and Door 
Thresholds. 

“Feralun” Brake Shoe 

Is not only used to keep mine motor wheels true 
—IT IS A SERVICE SHOE AS WELL. It is put 
on old or new wheels, keeping the new wheels from 
getting false fianges and removing false fianges if 
put on old wheels. 



Cast Iron—In Service 22 Hours “Feralun”—In Service 120 Hours 

“Feralun” and Cast Iron Blades Tested Simultaneously in the Same Service 

Lasted as Shown 


MINING CATALOG 


SECTION XI.K 


Digitized by 


Google 






ALLIS-CHALMERS MANUFACTURING CO. 


SMELTING EQUIPMENT. 


Allis-Chalmers Manufacturing Company 

MILWAUKEE, WISCONSIN 

For Branch Offices and Other Products, See Page 168 

Smelting and Refining Equipment 




Products 

Blast and Reverberatory Smelting Furnaces; 
Forehearths; Settlers; Slag Pots; Slag Cars; Matte 
and Slag Ladles; Ladle Bails; McDougall Multiple 
Hearth Roasting Furnaces; Copper Converters; 
Walker Circular Casting Machines; Straight Line 
Casting Machines, etc., etc. 

We specialize in the manufacture of equipment 
for mining and smelting and our equipment is al¬ 
ways the most modem. 



Rectangular Copper Furnace 


Blast Furnaces 

The Allis-Chalmers Manufacturing Company 
are equipped to manufacture blast furnaces for 
smelting copper or lead, for great or small capaci¬ 
ties, according to the requirements. These fur¬ 
naces are made in various sizes, either round or 
rectangular. Our Engineering Department is al¬ 
ways ready to advise in the selection of the furnace 
best suited to the conditions. 



Great Falls Typo Copper 
Converter 

Copper Converters 

The illustrations show the vertical and horizon¬ 
tal copper converters. The “Great Falls” type is 
made in sizes up to 20 feet in diameter, and the 
horizontal or “Peirce-Smith” type, is made in sizes 
10 to 13 feet in diameter and up to 30 feet in length. 
These converters are made for receiving a basic 
lining. Allis-Chalmers Manufacturing Company 


build converters in the most modem and up-to-date 
designs; to be tilted by electric power. 

The above sizes are for use in large smelting 
plants. We also manufacture copper converters for 
plants of smaller capacity, including a “hand-tilted” 
t}q)e for remote districts. 



Peirce-Smlth Copper Converter 


Casting Machines 

Where the quantity of copper produced is large 
and it is desired to keep the non-productive time 
of each converter down to a minimum, the blister 
copper is carried in ladles by a crane to a casting 
machine. This replaces the slow method of pour¬ 
ing or casting all the copper produced from the 
converter siMut. 

The Allis-Chalmers Manufacturing Company 
manufacture both the circular and “straight line” 
types of casting machines. 

The following illustrations show both types. 



Straight Line Copper Casting Machine 



Walker Casting Machine 


When in the market for Mining and Smelting 
Equipment send for our bulletins. 
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WORTHINGTON PUMP AND MACHINERY CORPORATION. 


SMELTING EQUIPMENT. 


741 


Worthington Pump and Machinery Corporation 

Executive Offices 

115 Broadway, NEW YORK 




For List of Works and Offices, See Page 493 

Smelting and Refining Equipment 


Products 

Copper Converters; Slag Cars; Matte and Slag 
Ladles; Ladle Bails; Pots; Casting Machines; 
Smelting Furnaces; Reverberatory I<\imaces; Blast 
Furnaces. For other products see Pages 165, 176, 
463, 493 and 626. 

Copper Converters 

The latest type of electrically tilted Copper Con¬ 
verter is shown in the illustration. This converter 
is of the vertical type, one of its points of superior¬ 
ity being the longer life of the lining. It is made 
in sizes up to 12 feet in diameter. The shell is 
of heavy steel plates and cast iron sections riveted 
together. They are supported on rollers and may 
be tilted by electric or hydraulic power, as desired. 



Electrically Tilted Great Falls Converter 


The horizontal converter is shown in the illus¬ 
tration in the second column. This is similar to 
the vertical type, except that it is hydraulically 
tilted, the tilting device consisting of a rack actu¬ 
ated by a hydraulic cylinder and engaging a gear 
arched to the flexible coupling shaft. 

The gear frame is made of heavy box-section, 
strongly ribbed and provided with a large b^e. 
The upper end of the frame carries two bearings 
for gear and flexible coupling shaft. Gear frame 
is provided with a removable and adjustable guide, 
finished to receive the cast iron rack. The hydraulic 
cylinder is made of semi-steel and when so desired 
can be provided with a brass lining. It is securely 
attached to the bottom of the gear stand. 

Upper cylinder head is accessible from the floor 
to permit repairing the piston and gland without 
entering the pit, and without disturbing connection 
between cylinder and gear stand. 

Worthington furnishes four-way balanced hy¬ 
draulic operating valves for these converters, which 
may be placed in any convenient location. 

Converter Accessories 

Worthington also manufactures converter ac¬ 
cessories, including Slag Cars, Matte and Slag 
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Ladles, Ladle Bails, Pots, Straight Line Casting 
Machines, etc. 



Horizontal Converter, Hydraulically Tilted 


Blast Furnaces 

Worthington can furnish Blast Furnaces for 
either silver lead or copper, in either the round or 
rectangular form. These furnaces are made in 
several sizes, and the Engineering Department is 
at your service to assist and advise you in the selec¬ 
tion of the proper equipment. 



Rectangular Water-Jacketed Copper Blast Furnace 

Water Jackets 

These can be furnished separate from the com¬ 
plete furnace. 
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PULVERIZED COAL EQUIPMENT. 


E. H. STROUD & COMPANY. 


E. H. STROUD & COMPANY 




ESTABLISHED 1896 

928, 930, 932 and 934 Fullerton Avenue 
CHICAGO, ILLINOIS 

Engineers and Manufacturers of Machinery for the Reduction of All Sorts of Dry Grindable 
Materials, Animal, Chemical, Mineral and Vegetable, and Some that Carry 6% to 8% of 
Moisture: also of Dust Collecting Devices and Powdered Coal Burning Equipment 


PRODUCTS 

Crushing, Granulating, Disintegrating, Pulver¬ 
izing and Shredding Machinery; Dust Collectors; 
Air Vent Chambers; Stokers and Combustion 
Chambers for burning Powdered Coal, for Loco¬ 
motives, Steamships, Stationary Boilers, Stills, 
Retorts, Kilns, Metallurgical Furnaces, etc. 

PIONEERS in the art of pulverizing and stoking 
and burning Powdered Coal, under Boilers and 
some other Heating Units. 

Stroud Powdered Coal Stoker and Burner 

Receives the Powdered Coal, draws its own sup¬ 
ply of Air from the atmosphere, measures the coal 
and the air as used, mixes them thoroughly, deliv¬ 
ers the mixture to the furnace (where it ignites at 
once) and enables the operator to have complete 
control of furnace temperatures, and to make 
records from which to duplicate his results at will. 
We build also a Stoker ^ 

for Locomotives. 1 


Illustration is 
of our Left-Hand 
Stoker. We build 
Right - Hand as 
well. 

Stoker can also 
be built for either 
upward or down* 
ward delivery. 

Slide-► 

to start and stop 
flow of coal. 

Pulley-► 

or Electric Motor f 
or Steam Turbine, 
as desired. 

Outlet-► \ 

of Fuel Mixture, v 


< -The Coal 

Tank can be of 
other size and 
shape, or can 
be a metal 
barrel if pre¬ 
ferred. 


< -Sprockets, 

CbAln, Worm and 
Gear, which drive the 
Conveyor from spin* 
\ die of fan, and anto- 
matlcally govern the 
f supply of coal. 

I ◄-Air Inlet 

i and Controller. 

\ All persons are 
warned that the 
ideas embodied In the 
, "Stroud Powdered Coal 
3 Stoker and Burner" 
have been well cov¬ 
ered by fundamental 

patents. 


Crushing and Granulating Roller Mills 

With either pointed or chisel-shaped cutters, or 
fluted rollers, one pair, two pairs, or three pairs of 
rolls high, per mill. Ask for Bulletin No. 200. 

Stroud Air Separation Pulverizers 

Our illustration shows a Product Collector 
attached to the Pulverizer. We also build the all- 
metal 100% eflicient Stroud Dust Collector. 

These mills give 
a flnished product 
direct which, 
without subse- 
quent sieving, is so 
uniformly fine that mK 

of as want^, 
will, if tested when 
dry, pass through 
a horizontal brass 

wire cloth testing JKMpgm 

sieve of the de- 
sired mesh, which 
can be any mesh 

from, say, 40 x 40, ^ _ 

down to the most M .. |^m ' 

impalpable pow- :i': feM - '■ 

ders, far finer than > nSy j 

They are without 
exception the most 

efficient Pulverizers made. Dustless in operation. 
Difficult to clog. Easy to clean. A cool Pulverizer 
for chemicals. So automatic in feeding and opera¬ 
tion that one man can attend half a dozen mills. 
Costof milling very low. Ask for Bulletin No. 101-A. 

Throw-Out-Box-End-Door 

For cleansing materials from imperfect and 
foreign matter during process of pulverization. Ask 
for Bulletin No. 101-B. 


Sizes and Capacities from 15 lbs. to 5000 lbs. of 
coal per hour per stoker with all the air needed for 
combustion. Write for Bulletins “A” and No. 107. 


Stroud Screen Separation Crushing and Grinding 
and Shredding Mills 
Ask for Bulletin No. 102-B. 


\ \ \ \ 











=1^ Rough Sketch of a Typical Stroud 
Ij Powdered Coal installation 

if We have purposely made an incorrect 
;| drawing of the Furnace and some other 
i t details because we do not wish to advertise 
;f or give away gratis information which 

I j has cost us considerable time and money 
I! and effort. The Stokers can be placed 
! P overhead instead of in front of Furnace. 

I I Our installation is as simple as that 
" shown, and gives entire satisfaction. 
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WIEDERHOLDT CONSTRUCTION CO. 


SMELTER CHIMNEYS, 


WIEDERHOLDT CONSTRUCTION CO. 

30 Church Street 428 Olive Street 

NEW YORK ST. LOUIS 

Wicdcrholdt System Smelter Chimneys 


Products 

Chimneys, Acid Towers, Cooling Towers, Storage Bins, Tanks, Etc. 


Wiederholdt System Smelter Chimneys 

Permanent—Acid-Proof—Light Weight—Economical. 

A combination of the three most durable materials known—HARD BURNED TILE—HIGH 
CARBON STEEL—PORTLAND CEMENT CONCRETE. 



450' X 24' Chimney at United 
States Smeltlngr, Reflnlng & 
Mining’ Co., Midvale, Utah 


Durability 

Due to the character of the materials used 
and the careful construction of Wiederholdt 
System Smelter Chimneys, they are heat and 
acid resisting, light in weight and permanent. 

The first chimney built—16 years ago—is 
still in use and in perfect condition. 



The Tile 


Engineering Service 

We maintain a staff of engineers which is at your disposal in solvmg 
your problems pertaining to Chimneys, Acid Towers, Cooling Towers, 
Storage Bins, Tanks, etc. This service is free and does not obligate you 
in any way. 

Send us your specifications. 


OUR NEW BOOKLET IS JUST 
OFF THE PRESS. A CARD 
WILL START IT TO 
YOU. 



The Method of Con¬ 
struction 
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THE FOLLOWING MANUFACTURERS and DEALERS 
ARE REPRESENTED IN THIS SECTION^a 


ATHE« 

MINING 

LCAIAUICi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12 


American Cyanamid Co. 
Clcveland-ClifFs Iron Co. 

Conncrsville Blower Co. 

General Naval Stores Co. 

Groch Centrifugal Flotation Co. 
Hercules Powder Co. 

Roessler Hasslacber Chemical Co., The 
Southwestern Engineering Co. 


FOR IJST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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FLOTATION TREATISE. »7^g 


THE FLOTATION PROCESS 


While a comparatively new method of treat¬ 
ment, the flotation process now leads all others in 
tonnage of non-ferrous ores treated. This indicates 
the success of the process better than any other 
statement that could be made. Many mills are now 
being built as straight flotation plants, while others 
depend upon flotation for the principal recovery of 
values, with tables as accessories only. In a few 
cases even amalgamation and cyanidation have 
been superseded by flotation treatment. A large 
percentage, however, of mills using the process 
have added a flotation plant to their present equip¬ 
ment for the purpose of treating slimes and re¬ 
ground middlings. 

In a few districts operators are still skeptical or 
mildly antagonistic toward the process, though in 
such sections there are usually a few progressive 
mill men who use flotation successfully. Unless a 
better process appears in the future, it is likely 
that flotation wiU become nearly universal in mills 
treating base ores, and common in mills treating 
ores of the precious metals. As an example of 
possible development, the Premier Mill in British 
Columbia is report^ to be floating minerals in 
cyanide solution. In other cases the values are re¬ 
covered by flotation and the concentrate cyanided. 

Types of Flotation Processes 

Flotation processes may be divided into three 
general types. First, bulk oil flotation, as with the 
first Elmore process. Second, surface tension flota¬ 
tion, as with the Macquisten tube method. Third, 
froth flotation (so-called “oil flotation”), which is 
the method in common use and described in this 
article. TTie Elmore process is no longer used, and 
the Macquisten tube has been discarded, except for 
one mill, that of the Morning Mine in the Coeur 
d'Alenes, Idaho, which still uses the process to some 
extent. It gives satisfactory results on the coaraer 
sizes of feed, but will not handle slimes success¬ 
fully. 

The characteristic feature of the third method 
above mentioned is a froth, consisting off innumer¬ 
able bubbles of air or gas, surrounded by a film of 
oil or other substance having the property of re¬ 
ducing the surface tension of water; the minerals 
are attached to these bubbles and thereby lifted, 
the gangue remaining behind in the pulp. 

Nature of Phenomena 

A great deal of study has been given to the 
theory of froth flotation and numerous papers have 
been written on the subject, to which the reader 
is referred for a full discussion. In this article the 
subject can only be touched briefly and simply. A 
flotation pulp is a complex mixture of finely ground 
minerals and gangue with water, air, flotation oils 
or reagents of one or more kinds, various salts in 
solution in the mill water, with possibly the addi¬ 
tion of acid, alkali, salts or other addition agents. 
In the treatment of such a mixture it is apparent 
that a number of chemical and physical phenomena 
may be involved. 

•By B. M. Snyder, of South Western Engineering Corpora¬ 
tion. 
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The interfacial tension theory of flotation has 
been elaborated by several investigators and seems 
to explain the complex phenomena satisfactorily, 
though other theories also appear to have some 
points in their favor. In the following brief ex¬ 
planation only the most essential part of the theory 
expressed in the simplest way will be given. 

In the Macquisten and Wood machines, flotation 
of sulphides depends upon the principle that sur¬ 
faces with a metallic lustre have a greater contact 
angle with water than those covered with a film of 
oxide or earthy substance. That is to say, sul¬ 
phides are not readily wet by water and are sup¬ 
ported by surface tension, while the gangue wets 
and sinks into the water. 

When a needle or wire is floated on water in the 
well known experiment, the result is due to surface 
tension. 

When finely ground ore is mixed with water and 
a contaminant such as oil, in a finely divided state, 
the oil is “adsorbed” by the mineral whereas the 
gangue particles are wet by the water in pref¬ 
erence to the oil. It is upon this quality of certain 
mineral surfaces to adsorb the contaminant that 
flotation chiefly depends. When air in small bub¬ 
bles is introduced into this mixture the oil or other 
contaminant tends to concentrate around the 
bubble, or is adsorbed by the aif-water interface. 
In other words, the oil covers the bubbles with a 
thin film, thus making them more stable and per¬ 
manent, due to the lowering of the surface tension 
of the water. 

As a result of these two phenomena, the' oil 
covered mineral particles are drawn into the oil 
film of the air-water interface, whereas the gangue,- 
being wet with water, sinks away from the bub* 
bles. It is also the claim of some investigatore 
that the oiled mineral particles are supported in 
the wateiy film of the bubble at the air-water 
interface in exactly the same way that the mineral 
or needle floats on the surface of the water as 
described above. Possibly both causes operate to 
attach the minerals to the bubbles. The buoyancy 
of the air bubbles in the pulp affords a means of 
separation of the attached minerals, the froth 
rising to the surface, where it may be removed. 
There are numerous other physical phenomena 
that are considered to have a bearing upon flota¬ 
tion, as for example, the flocculation of colloids by 
certain acids and salts, the adsorption of gases by 
mineral surfaces, the electrostatic charges of the 
various minerals, etc. In addition, chemical reac¬ 
tions may take place between the oils, addition 
agents, minerals, air and water. Careful study of 
the many physical and chemical factors involved 
will, no doubt, explain practically all cases of 
abnormal results in the application of flotation. 

Factors Necessary to Success in Froth Flotation 

The essential factors for successful froth flota¬ 
tion are: 

1. The ore must be finely ground, usually so 
that practically all will pass a 48 mesh screen. 

2. The proportion of water to ore must be 
maintained within certain limits. Four of water to 
one of ore is a common ratio. 
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3. Careful adjustment of the kinds and 
amounts of oils added. 

4. Salts, acids, etc., in the pulp water must 
be favorable. 

5. Agitation and aeration of pulp are essential. 

6. Regularity in the feed of pulp, reagents, 
etc., is necessary for the best results. 

Minerals Separation metallurgists formerly 
thought that hot pulps were necessary or advisable 
for successful flotation, but it has been proven for 
some years that practically the same results can 
be had with cold water, and very few plants now 
heat their pulp water. While heat does reduce the 
surface tension of water, the effect is certainly not 
worth the tremendous expense incurred in heating 
pulps to 120° or 130° F., as was formerly the prac¬ 
tice. The writer has performed satisfactory flota¬ 
tion with mountain water only a few degrees above 
freezing. 

Lack of success in flotation mills is nearly 
always due to wrong conditions in one or more of 
the ways listed *above. In some cases, the ore is 
not ground fine enough to free the minerals or to 
enable the latter to float. Very coarse mineral par¬ 
ticles tend to drop back into the pulp and are 
naturally difficult to float. In other cases, too thick 
or too dilute pulps are sent to flotation. Dilute 
pulps reduce the capacity of the flotation machine 
and they should be thickened to about 4 to 1 ahead 
of flotation. 

The kinds of oils or other frothing agents added 
are frequently the cause of poor results, though 
this cause is not as common as generally supposed. 
Almost invariably the oils used are blamed for poor 
results when the quantity of oil or other factors 
may be the real cause. Many operators use too 
much oil and often all that is necessary for good 
work is reduction of the quantity. Also some oper¬ 
ators still make a complex mixture of oils in the 
belief that each adds some peculiar quality, 
whereas, in all probability, only one or two of them 
are essential. By the use of a good collecting oil, 
such as P.E. oil (of petroleum base) and a pure 
steam-distilled pine oil for frothing, practically all 
ores of every kind and description that are 
amenable to flotation can be successfully floated. 
All that is necessaiyis to vary the proportions and 
quantity of these oils added, provided always that 
other physical conditons are correct. 

The function of the “collecting oil,” as it is 
called, is to oil the mineral particles that are to be 
floated (the minerals “adsorb” the oil or are filmed 
by it), so that they will the more readily attach 
themselves to the air bubbles. The collecting oil 
may be coal-tar, wood-creosote, petroleum oil, or 
other heavy oil. It is best added at the ball mill, 
the grinding action serving to break it up into 
small particles, or, as it is termed, to “emulsify” 
it, though a true emulsion is not usually formed 
or desired. 

The frothing oil may be pine oil, creosote, 
eucalyptus oil, oleic acid, etc., and serves the pur¬ 
pose of reducing slightly the surface tension of 
the liquid and thus promoting the formation of air 
bubbles. It may be added at the ball mill, also, 
though sometimes it is added just ahead of the 
flotation machines. Part of the frothing oil is 
usually soluble in water, and will, for this reason, 
be found with the gangue or tailings. 
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Some oils, for example, hardwood creosote and 
crude pine oils, have both collecting and frothing 
properties and may be used alone. Of recent years 
other contaminants than oil have been tried and 
in some cases used successfully, particularly in 
preferential flotation. Many of these are organic 
substances, derivatives of coal tar particularly 
being used. Among the organic compounds thus 
used are:’ phenol, phenolphtalein, alpha-naphthyla- 
mine, crude xylidin, etc. 

Inorganic salts may also be used as the con¬ 
taminant in place of oils, and sodium carbonate 
and bicorbonate are used in this way for preferen¬ 
tial work, where a light and unstable froth is 
desired. Sea-water has also been used in place of 
oils for frothing purposes. 

It will be seen that the use of oil is not an essen¬ 
tial for froth flotation, and a certain amount of 
mineral can be floated by aeration in water alone. 
Oils serve the purpose, however, of stabilizing the 
froth and making the operation more regular and 
dependable, and are therefore almost universally 
used in flotation. 

Addition Agents 

The effect of soluble salts and “addition agents,” 
so called, upon flotation is of the greatest import¬ 
ance. Frequently they are the key to success or 
failure in securing the desired results. They may 
be salts in the mill water, soluble constituents of 
the ore, or salts, acids or alkalies added to assist 
the flotation. In the early days of froth flotation, 
the Minerals Separation metallurgists thought that 
the use of sulphuric acid was necessary with most 
ores, but it has been found in recent years that as 
good or better results can be had without the use 
of acid, except in the case of a few ores, these 
mostly zinc ores. 

Generally speaking, the best results are ob¬ 
tained with water containing a minimum of soluble 
salts. There are, however, many exceptions to this 
where a small amount of acid, alkali or neutral salt 
appears to be beneficial. In the case of zinc blende 
the addition of small amounts of copper sulphate 
or sulphuric acid seems to be need^ for a good 
recovery. Whether or not this is due to the 
cleansing effect of the salt or acid on mineral sur¬ 
faces has not been definitely proven. It is known 
that blende reacts with copper sulphate solutions, 
precipitating a film of copper sulphide on the min¬ 
eral particles, and Ralston and Yundt consider this 
the reason for the improved flotation, copper sul¬ 
phide evidently absorbing oil better than the nat¬ 
ural zinc sulphide. Other theories advanced to 
explain the effect of salts and acids on the float are, 
that such substances flocculate or de-flocculate tiie 
colloids of the pulp, or that they flocculate the 
emulsified oil and make it available for oiling, as 
suggested by Van Arsdale. 

Colloids in pulps probably have much to do 
with flotation results. As an indication of this may 
be mentioned the very detrimental effect on flota¬ 
tion of the addition of organic colloids such as 
glue, gelatin, albumen, etc. It is possible that ad¬ 
dition agents may flocculate the colloids of oil, min¬ 
erals, gangue, etc., and thus promote flotation. 

The detrimental effect of very small amounts of 
soluble salts on the flotation of certain ores has 
been remarked by a number of operators. An in- 
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vestigation of this subject has been made by the 
faculty and students of the Missouri School of 
Mines and Metallurgy, and the results have been 
published in a series of bulletins entitled “The 
Effect of Addition Agents in Flotation.” 

Among the most useful addition agents are 
sodium sulphide, sodium silicate, sodium carbonate, 
caustic soda, lime, copper sulphate, and sulphuric 
acid. Th^first of these is very commonly used in 
the flotation of carbonates and oxides. The effect 
of sodium sulphide is to convert a film of the car¬ 
bonate or oxide into sulphide, which renders the 
mineral capable of flotation. This can be most 
easily demonstrated with lead carbonate, cerussite. 
The sodium sulphide quickly attacks the white 
cerussite forming a superficial film of black lead 
sulphide which floats readily. Sodium sulphide 
also assists in the flotation of certain sulphides, for 
example, iron pyrite. Whether or not this is due 
to filming of the partly oxidized particles has not 
been definitely proven. 

Sodium silicate is an occasionally useful addi¬ 
tion agent, and some recent experimental work on 
ore of a porphyry copper shows the grade of cop¬ 
per concentrate nearly doubled by its use in small 
amount. This is due to the dropping of iron pyrite 
when sodium silicate is added to the float. 

Copper sulphate and sulphuric acid have already 
been referred to as necessary reagents in the flota¬ 
tion of most zinc blendes. The writer has used 
nitre-cake (acid sodium sulphate) to replace sul¬ 
phuric acid in zinc flotation, and found it equally 
satisfactory, even when the acid content of the 
nitre-cake was almost nil as shown by titration 
with normal alkali solution. Very little more of 
such nearly neutral sodium sulphate was required 
than of sulphuric acid. 

Copper sulphate has a detrimental action when 
present in small quantities in pulgwater of copper 
mills. For example, at one of tTieSlontana mills it 
was found difficult to get a good recovery of the 
copper minerals when the mine water, which con¬ 
fined a little copper sulphate, was used as the 
source of water supply for the flotation mill. The 
substitution of water free from copper sulphate im¬ 
mediately brought up the recovery. At one mill 
the writer found it impossible to get a good recov¬ 
ery of zinc from mill tailings unless the latter 
were thoroughly washed with water and the wash 
water decanted, fresh water then being added 
ahead of the flotation. As the decanted water car¬ 
ried over considerable colloidal gangue, it was at 
first thought the beneficial results were due to the 
removal of colloids, but careful tests and analyses 
indicated that the beneficial effect was due to the 
removal of a small amount of calcium and man¬ 
ganese sulphates and not to the washing out of the 
colloids. Many mill operators have noticed the 
detrimental effect of small amounts of salts in the 
mill water, and these should be thoroughly investi¬ 
gated when results are unsatisfactory. 

The fifth feature mentioned above, agitation 
and aeration of the pulp, refers to the necessity of 
introducing large quantities of air in the form of 
small bubbles into the pulp, and agitation then in¬ 
sures contact of the oiled mineral particles with 
the bubbles, so that they may become attached and 
floated. 

The sixth factor, namely, regularity of feed, 
density, reagents, pulp level, air, and other condi- 
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tions, is of the greatest importance. Every oper¬ 
ator finds it possible to get excellent results at 
times, but no so easy to maintain these results over 
extended production. The cause of unfavorable 
results is frequently the lack of regularity of feed. 
The ore may change in character, or the pulp may 
vary as to fineness, quantity fed to the flotation 
machine, etc. Variations in the amounts of oil, 
copper sulphate, sodium sulphide, or other addition 
agents naturally cause erratic results, and a fre¬ 
quent cause of such irregularity is the crude type 
of reagent feeder used. The remedy for this 
condition is obvious, namely, the installation of an 
accurate feeding device and the maintenance of 
constant quality of reagent. 

The regularity of aeration is an important fac¬ 
tor; the froth must overflow regularly or results 
will vary accordingly. In many small mills the 
inefficient power equipment and mechanical weak¬ 
nesses of the plant make regular operating condi¬ 
tions impossible. 

Apparatus for Aeration 

Coming now to the apparatus used to effect the 
aeration, these may be divided into four general 
classes. 

1. The vertical impeller tj^e of machine, the 
original and best known of which type is the Min¬ 
erals Separation machine. This type of machine 
beats in the air after the manner of an egg beater, 
the froth being skimmed off from a spitz-kasten 
connected with the agitation compartment. 

2. The horizontal rotor type, the best known 
of which is the K & K machine. In this type the 
horizontal rotor picks up a film of pulp, which by 
centrifugal force is thrown off, together with inter¬ 
mixed air on to a skimmer plate which directs the 
pulp through a frothing compartment to the spitz- 
kasten, from which the froth overflows continu¬ 
ously. 

3. The pneumatic type, the best known of 
which is the Callow Cell. In this type of apparatus, 
the air under pressure of a few pounds per square 
inch, is passed through a porous medium such as 
canvas, brick, cement bottoms, etc., by which 
means the air is broken up into small bubbles which 
rise through the column of pulp and overflow con¬ 
tinuously. 

4. The cascade type of apparatus has no mov¬ 
ing parts, but depends for its aeration upon the air 
drawn in by falling or cascading from one vessel 
to another. This type of apparatus is not much 
used except as accessory to the others for recovery 
of small additional amounts of mineral. 

Many of the machines in use are modifications 
or combinations of the above mentioned types, for 
example, the Janney mechanical-air machine is a 
combination of the first named type with the pneu¬ 
matic type. 

The froth will vary as to size and tenacity of 
bubbles according to the kind of machine in which 
it is made. For example, the first named t^e 
makes a very persistent froth, which breaks down 
with difficulty, while the horizontal rotor and pneu¬ 
matic types make an evanescent froth. Needless 
to state the latter kind of froth is less troublesome 
to handle in the mill, since it breaks down almost 
as soon as it reaches the concentrate launder. 
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The handling of the froth and concentrate in 
the mill has been one of the most troublesome 
things to work out in connection with the process. 
\^en the froth is persistent it can be broken down 
to a large extent by sprays of water. It is the 
usual practice to send the concentrate to a Dorr 
thickener, the thickened product of which goes to 
a vacuum filter. The filter product usually contains 
from 8% to 20% moisture and is ordinarily shipped 
to the smelter in this condition. In some mills, 
however, Lowden dryers are used to reduce the 
moisture content before shipping. 

Preferential Flotation 

One of the most important applications of the 
flotation process is the separation of sulphides in 
complex ores by what is called “preferential flota¬ 
tion.” In this work a light froth is first produced 
and the more easily floated minerals, as for ex¬ 
ample, galena or chalcopyrite, are raised, leaving 
the iron sulphide, zinc blende, etc. Only a smafi 
quantity of oil, particularly of collecting oil, is 
used, but much air is introduced, with the result 
that only those minerals showing the strongest ten¬ 
dency to float are lifted. The pulp before passing 
to a second machine is mixed with more oil and an 
addition agent, such as sodium sulphide, acid, or 
salts of various kinds, thus changing the conditions 
and enabling the froth to bring up one or more of 
the minerals present. The addition of sodium sul¬ 
phide in the second flotation will frequently bring 
up the pyrite, which may be floated off separately. 
Following this, the addition of acid or copper sul¬ 
phate will bring up the zinc blende and in this way 
three products may be taken off. Similar schemes 
are used on other ores and the work so far done 
indicates the great possibilities of the method. 

In Table No. 1 the results of a preferential 
flotation test are given. This test (A) was on ore 
considered very difficult to treat by any method 
known and large bodies of the ore were available 
in the district awaiting a solution of the problem 
of separation of the minerals. 

A number of reagents for use in preferential 
flotation have been proposed and some are now in 
Commercial use. They assist in one of two ways: 
(1) by teking the place of oil as the contaminant 
(as with “diamide,” “X-cake,” etc.); (2) by dead¬ 
ening or enlivening certain minerals through the 
deposition of a film that retards or assists oiling, 
as the case may be. Sodium sulphide and hydrogen 
sulphide usually assist flotation, while sulphur 
dioxide, sulphites, and reducing agents in general 
have a retarding effect. 

Treatment of Oxidized Ores 

Another ve^ important development of the 
flotation process is its'application in the treatment 
of oxidized and carbonate ores. Several mills have 
been successfully operated using the method of 
sulphidizing metallic ores or carbonates and float¬ 
ing the mineral. It is found that on many oxidized 
minerals sodium sulphide will deposit a superficial 
film of sulphide which will then absorb oil and be¬ 
come floatable. Among minerals that are par¬ 
ticularly amenable to this treatment are lead 
carbonates and some copper oxides and carbonates. 
The recovery of the metals by this method is not 
as high as with sulphides, and in the case of lead 
carbonate ranges from 70% to 90% of the lead 
contained. There is room for considerable study 
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and experiment along this line and much progress 
is to be expected in the futiure. In Table No. 1, 
Test B shows results on a copper oxide ore, ob¬ 
tained by sulphidizing and straight flotation. Test 
C shows the results obtained by sulphidizing and 
flotating a typical lead carbonate ore carrying 
small silver values. 

Among mills that have been, or are now oper¬ 
ating on lead carbonates by sulphidizing and float¬ 
ing are the Shattuck Arizona Copper Co., Slate 
Range Minerals Co., and the recently completed 
150-ton plant of the Signal Mining Co. The latter 
is treating carbonate ores of the old McCracken 
Mine in Western Arizona, and is reported to be 
making a tailing assaying less than 1 ounce silver 
from 20 ounce ore. 

The Magma Copper Co. has for several years 
treated its copper oxide and carbonate ores by 
sulphide filming, using hydrogen sulphide gas for 
this purpose. According to the results published 
by J. M. Callow, the recovery on clean carbonate 
ore ran from 73% to 83% of the copper content. 

Another scheme that appears promising is the 
treatment of mixed sulphide and oxidized ores by 
a combination of leaching and flotation, as devel¬ 
oped at Chino and other places. Sulphuric acid is 
added to dissolve the oxidized copper, and the pulp 
is then run through a rotating cylinder containing 
iron, access of air being prevented as far as pos¬ 
sible to avoid oxidation of the finely precipitated 
cement copper. Oil is then added, the mixture 
passed to a flotation machine and the resultant 
froth carries both the sulphide copper and the 
metallic copper in a high grade concentrate. Test 
D in Table No. 1 shows the result of a small scale 
test on an ore containing copper as carbonate and 
■ sulphide. A cheap supply of acid and iron is essen¬ 
tial to the success of this process, and ores con¬ 
taining much lime cannot, of course, be treated 
with acid economically. As a possible cheap source 
of iron for this process, the reduction roasting 
process seems worth considering. By this method 
hematite can be cheaply reduced on the ground, it 
is claimed, affording a sponge iron that should be 
very suitable for the purpose. 

Recovery of Petroleum by Flotation 

It is now proposed to use flotation in the re¬ 
covery of crude petroleum and asphalt from oil 
sands, and application for patent on the process 
has been made. The scheme consists of breaking 
up the oil sands in a log washer using water and 
a small amount of solvent, which may be any of 
the cheaper grades of petroleum distillates. The 
pulp then passes to a flotation machine and the 
resultant froth carries nearly all the oil and solvent 
together with entrained sands which are removed 
by a second and third treatment in cleaner cells. 
Tailings from the first treatment are clean and 
white and nearly free from petroleum oil and 
solvent; experimental tests show recoveries as 
high as 97 % can be readily made. A 300-ton plant 
is planned to test the feasibility of the process for 
recovery of petroleum from a large surface deposit 
of oil sand. The low recovery of petroleum from 
oil sand by drilling and the high recovery possible 
by direct treatment on the surface may mean, if 
the demand for oil warrants it, a change in methods 
of production, that is, the mining of the oil sands 
and flotation or other suitable treatment at the 
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surface. This may be far in the future, as under¬ 
ground mining of oil sands presents many prob¬ 
lems, but if the price of oil warrants, it may be¬ 
come a reality. 

Results and Costs 

In Table No. 2 are given some results obtained 
in actual mill operations in both large and small 
plants. It will be noted that in some of the mills 
the recovery is not as high as might be expected 
of flotation, but it must be remembered that many 
of these properties, particularly the porphyry cop¬ 
pers, are treating ores containing more or less 
oxidized mineral on which the recovery is very low. 

Flotation mills are less costly to build than 
most other treatment plants of the same capacity, 
and operating costs are usually low in comparison, 
also. The total milling cost of the porphyry cop¬ 
pers runs from 50c to $1.00 per ton. The costs at 


jm 

one of the large copper mills, in which flotation 
plays a leading part, are given: 

Year 1920 

Crushing and grinding.$ .282 per ton 

Flotation .0674 per ton 

Tabling .0122 per ton 

Other costs.1642 per ton 

Total milling ..5158 per ton 

At another porphyry copper the total milling 
cost was $. 72 per ton for the year 1920, and at still 
another the corresponding flgure for 7 months of 
1921 was $.908 per ton ore. The Engels Copper 
Co. total milling costs for the year of 1920 were 
$1.2407 per ton, treating about 1,000 tons of ore 
daily. Kennecott milling costs for the year 1921 
were $.719 per ton, treating an average of 600 
tons daily. All of the figures quoted were made in 
years of excessively high cost for both labor and 
supplies, and would now undoubtedly be much 
lower. 
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ASSAYS 


DISTRIBUTION PER CENT. 



1 

Oz. 

% 

% 

1 % 

j 

1 


Test 

1 Weight 

1 

Silver 

Copper 1 

Lead 

1 Zinc 

1 

Silver Copper 

Lead j 

Zinc 


A 

Complex Lead-zinc-pyrite 
ore. Preferential flotation. 


B 

Copper in ore, mainly cop¬ 
per oxide, sulphidized and 
floated. 


C 

Lead carbonate ore, sul¬ 
phidized and floated. 


D 

Mixed sulphide and car¬ 
bonate copper ore. Copper 
leached and precipitated, then 
sulphides and metallic copper 
floated._ 


[ Heads . 

Lead Cone. 

1 Lead Mids. 

100.00 

7.65 

3.16 

9.26 

5.22 

74.71 

1.94 

19.6 


6.85 

71.20 

20.80 

2.10 

20.80 

.50 

7.41 

5.10 

18.80 

47.20 

18.80 

1.70 



100.0 

79.0 

9.6 

2.8 

2.8 

5.4 

100.0 

5.3 

8.0 

59.1 
10.5 

17.1 

Zinc Cone. 

Zinc Mids. 

2.8 

Tailing . 

.79 

Heads . 

100.00 


2.00 







Cone. 

11.91 


12.35 



1 

73.5 



Mids. 

12.06 


2.67 



1 

16.5 



Tailing . 

76.03 


0.29 




11.0 



Heads . 

100.00 

2.67 


23.91 


100.0 


100.0 


Cone. 

31.77 

3.72 


56.40 


44.3 


76.0 


Mids.1 

11.91 

7.94 


24.24 


35.4 


12.0 


Tailing .I 

56.32 

0.96 

■ 

5.52 

■ 

20.3 


13.0 


Heads . 

1 

100.00 

.32 

na 



100.0 

mi 



Cone. 

1 1.94 

10.20 




62.5 




Mids. 

8.09 

1 1.48 




37.5 




Tailing . 

89.97 

Tr. 

Ira 


■1 

Tr. 

mm 
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Combined Gravity and Flota- 
tation Concentration 

j Assays 

% Recovery 

Mill 

j Ore 

j Average For 

Mill Heads 

Concentrate 

Tailing 

[ Total 

1 Mill 

Sulphide 

Inspiration . 

Copper 

1 day. May, 1917 

1 

Cu. 1.3% 

Cu. 29.7% 

Cu. .35% 

73.96 

91.47 

Surf Inlet (B. C.).... 

Gold 

. 1918 

Au. . 6 oz. 

I Au. 8.2 oz. (F) 








1 Au. 6.36 oz. (G) 


92.2 

44.4 

Nevada Consolidated.. 

Copper 

4 months 

Cu. 1.49% 

Cu. 12.69% 

Cu. .30% 

81.6 


Kennecott Copper Co.. 

Copper 

Year, 1921 | 

Cu. 6.62% 

Cu. 49.01% 

Cu. 1.35% 

77.82 


Braden .. 

Copper 

Year, 1921 | 

Cu. 2.268% 

Cu. 25.47% 

Cu. .358% 

85.58 





Pb. 14.3% 

Pb. 68.0% 

Pb. .5% 

87.0 


Zinc Corp. (Australia). 

Lead-Zinc | 

. 1918 

Zn. 9.2% 

Zn. 43.0% 

Zn. 2.0% 

60.0 





Ag. 2.6 oz. 

Ag. 

Ag. .5 oz. 

68.2 


Flotation Only 



Flotation Heads 





Engels Copper .. 

Copper 

Year, 1920 

Cu. 2.21% 

Cu. 29.76% 

Cu. .45% 


80.93 

Mount Lyell . 

Copper 

Year, 1919 

Cu. 3.43% 

Cu. 10.95% 

Cu. .45% 


90.41 

M. Co. (Mexico). 

Copper 

10 days, 1919 

Cu. 3.337% 

Cu. 14.29% 

Cu. .546% 


85.3 

National Lead . 

Lead 

1 month, 1922 

Pb. 4.0% 

Pb. 55.0% 

Pb. .4% 


90.6 

Silver Mill (Mexico).. 

Silver 

2 months 

Ag. 11.27 oz. 

Ag. 1189. oz. 

Ag. 1.5 oz. 


86.0 

Leadville Mines (Nev.) 

Silver-Lead 

1 day. 1921 

Ag, 19.06 oz. 

Ag. 212.8 oz. 

Ag. 1.16 oz. 


94.6 




Pb. 3.48% 

Pb. 35.4% 

Pb. .28% 


92.7 




1 Pb. 3.86% 

Pb. 47.58% 

Pb. .40% 


71.42 

S. Co. (Colo.).....- 

1 Lead-Zinc 

1 month, 1918 

Zn. 4.8% 

Zn. 44.0% 

Zn. .42% 


77.92 




Ag. 4.1 oz. 

Ag. 1st cone. 

Ag. .48 oz. 


1st cone. 





40.73 oz. 



54.71 





2nd con. 



1 2nd cone. 




1 

15.70 oz. 



32.56 
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ygQ FLOTATION TREATISE. 

TESTING ORE FOR FLOTATION* 


The factors involved in the concentration of ores 
by flotation are so few in number and so readily 
applied in a small way that it is possible to gain a 
fairly accurate idea as to the character of the con¬ 
centrate that may be obtained by flotation, and 
even the total percentage of recovery that may be 
made by this process, by means of simple apparatus 
and small quantities of ore. 

Purpose of Tests 

It may be the purpose of the testing to deter¬ 
mine the character and value per ton of the con¬ 
centrate that will be yielded if ^1 the metalliferous 
constituents of the ore are recovered as a single 
product; to determine the percentage of recovery of 
the metals that may be won by the concentration, 
or to recover one or more of the metalliferous con¬ 
stituents of the ore in a concentrate separate from 
the others. This last, selective flotation, is capable 
of a degree of development requiring very careful 
selection of the flotative and modifying agents to 
be used, and will not be discussed here. 

The recovery of the metalliferous constituents 
of the ore in a single concentrate is not a very diffi¬ 
cult task if the ore is amenable to treatment by 
flotation, and any test by which the oi^rator wishes 
to determine the general characteristics of the con¬ 
centrate to be produced or the total recovery 
possible by floating all the floatable contents of the 
ore together may be made with some kind of stand¬ 
ard mixture of oils and tars that will be generally 
applicable. Various oil mixtures have been used for 
this purpose by different operators. A mixture of 
three parts Pensacola Tar & Turpentine Co.’s No. 
400 pine creosote or its equivalent, three parts of 
carbolic creosote, and one part of crude coal-tar or 
pitch, makes a satisfactory combination for general 
testing purposes. For pyrite alone, the No. 400 pine 
creosote is usually satisfactory. Others have found 
crude pine-oil plus 10 to 25% of crude coal-tar 
satisfactory. 

Bottle Test 

The simplest apparatus for testing ores by flota¬ 
tion is a good-sized clear-glass bottle. A quart 
bottle will do very well for lOOg samples of ore. 
An ordinary acid bottle, such as those in which 
acids are sold, may be used on samples up to 500g. 
To carry out the test, the bottle should be washed 
clean and half filled with the crushed ore and water 
in the proportion of one part by weight of ore to 
from two and a half to four parts of water; using a 
quart bottle, a pint of water and 200g of ore may 
be used and the test may be started with five or 
six drops of oil; using an acid bottle, half a bottle 
of water and 600g of ore make a good charge, and 
from six to twelve drops of oil are used at the start. 
After the oil is added to the pulp the bottle should 
be shaken violently with an up-and-down or hori¬ 
zontal movement and brought to a stop in a vertical 
position, using care to leave as free from rotary 
motion as possible. If the ore is especially adapted 
to flotation and the correct amount and kind of oil 
have been used a considerable portion of the metal¬ 
liferous constituents should rise to the top of the 
pulp as a froth. After the slime has settled this 
froth may be removed by carefully raising the 

•By James M. Hyde, From Mining and Scientific Press, 
October 2, 1920. 
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water-level in the bottle by adding water through 
a funnel, the lower end of which is below the water- 
level, or by pouring water carefully down the neck 
of the bottle. The sides of the interior of the bottle 
should be wetted first by pouring clear water slowly 
into the neck of the bottle. After the froth has 
overflowed completely the bottle may be permitted 
to stand until the pulp is settled sufficiently so that 
the excess water may be siphoned off, and the 
operation may be repeated with or without the ad¬ 
dition of further amounts of oil. This operation 
may be repeated until it yields no more froth. The 
bottle-test may be repeated upon an ore, using one 
oil after another, until an oil or mixture is obtained 
that ^ves the best results. This test is helpful in 
selecting the proper oil-mixture to use in a mill or 
in mofe elaborate tests. It is also helpful in the 
field or in the mill, for arriving quickly at a quali¬ 
tative test which will indicate the nature of the 
concentrate that may be obtained from any par¬ 
ticular ore. 

As a qualitative test it may be of a s^eat value 
in the hands of the mill-foreman or shift-boss in 
testing the tailings from flotation machines or from 
vanners and tables, and in testing the overflow 
from de-watering devices, to see how much fine 
sulphide they contain. No equipment is need^ 
other than a clear-glass quart botle and a bottle of 
the oil or oil mixture that has been found suitable 
for the ore, this bottle being equipped with a good 
drop-stopper. 

The bottle test may be made to yield quick 
quantitative results of fairly reliable kind if it is 
manipulated skilfully, repeated agitation being used 
until no further concentrate is produced. A simple 
method of expediting the work is to take an india- 
rubber sack or “baloon.” If one of these, attached 
to the end of a glass tube, is introduced into the 
bottle after the agitation has taken place, water 
may be introduced into the sack through tube and 
the water-level raised so that the concentrate over¬ 
flows without the pulp being diluted. The rubber 
sack may then be emptied by siphoning and the 
operation may be repeated with the minimum loss 
of time. If a rubber bag is not available, a sheep’s 
or pig’s bladder might serve as a satisfactory sub¬ 
stitute. 

On certain ores a modification of the bottle-test 
may be carried out effectively where the desired 
effect is not a process to be used in practice but to 
get a quick idea of what kind of concentrate the 
metalliferous constituents of the ore will yield when 
separated from the gangue. 

Bottle Test With CO 2 

The manipulation is as follows: To the pulp 
in the bottle may be added from 1 to 10% of lime¬ 
stone, ^ound sufficiently to pass an 80-mesh screen. 
The oiling and the agitation may be carried on as 
before. A sufficient amount of sulphuric acid may 
now be added to start the generation of CO^ in 
the pulp, and the bottle may be filled with water 
so that the froth as it rises will overflow into the 
pan in which the bottle is set. By keeping the pulp 
stirred with a long rod or tube the sulphides may be 
completely removed by flotation, if the proper 
amount of the oil best adapted to the work is used. 
This manipulation requires some skill and is not 
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recommended for general use; but, like the other 
bottle-test, it may be advantageous if no other 
equipment is at hand than that with which the 
bottle-test can be made. If the pulp is heated, or if 
the amount of sulphuric acid added is too large, the 
gas may be generated so rapidly as to expel the 
pulp from the bottle. For this reason the acid 
should be added carefully, and with stirring, so that 
the generation of gas will be kept within bounds. 
The acid may be added before the agitation takes 
place, if sufficient care be used, in which case the 
test may be completed more quickly than by any 
other means, as it may be possible to raise the con¬ 
centrate completely at one time; but this is not 
recommended because the generation of gas may be 
so rapid as to throw the acid pulp out of the bottle 
onto the operator. The mouth of the bottle should 
always be pointed away from the operator. 


Mechanical Flotation Tests 

For making flotation tests by mechanical means, 
a simple apparatus will give reliable results with 
either the agitation or the pneumatic process. Many 
types of apparatus have been used and described in 
the technical press, but the two described herein 
are very simple and have yielded quite satisfactory 
results. 

The machine for carrying out the froth- 
agitation flotation process consists of a rectangular 
box in which agitation takes place, and a pointed box 
in which the froth separates from the rest of the 
pulp. See Fig. 1. The pulp is kept in continuous 
agitation and continuous circulation from the 
agitation chamber through an opening 1 into the 
separation chamber or ___ 

spitzkasten from which 
it returns to the agita¬ 
tion chamber through 
the opening 2. The im- 
pellerhas blades set at 
an angle of 45° from 
the vertical, and is 
placed about half-way 
between ojwnings 1 
and 2. The impeller is 
adjustable as to height 
and may be raised so 
that the agitation 
chamber is completely 
open for inspection or 
cleaning. Ordinarily 
the impeller is adjust¬ 
ed until the best posi¬ 
tion is found and then 
left at that position. 

The method of pro¬ 
cedure in making a 
test with this machine 
is to close the opening 
1 with a cork, intro¬ 
duce water up to a 
point just below this 
opening, and start the y 
impeller. The dry ore I 
is now added and 



mixed thoroughly with 

the water, water being added until the level in the 
separation chamber is about half an inch below the 
height of the overflow lip. The oil or oily mixture 
to be tested is added in the pro^r amount. Where 
a 500g charge is used the initial addition of oil 
need not be more than from six to ten drops, unless 


previous testing has shown that as much as ten or 
fifteen drops are needed. The oil is added most con¬ 
veniently by means of a 1 cc pipette graduated to 
hundredths. After a sufficient mixing of the oil 
and pulp has taken place, which should be in about 
half a minute, the cork may be removed from the 
opening and the pulp allowed to circulate; from 
time to time, the froth floating upon the surface 
of the water in the separation chamber may be re¬ 
moved by a paddle and further additions of oil may 
be made in small amounts so long as they continue 
to produce more froth. After the last concentrate 
is removed, the tailing may be discharged through 
the opening 3. The machine is washed out con¬ 
veniently by means of a stream of water from a 
hydrant or other source, carried through a rubber 
tube and a piece of glass tube 13 to 14 inches long, 
drawn to a tip at the bottom, and the tip inclined 
at an angle to the body of the glass tube, thus ^r- 
mitting a jet to be applied to the floor of the agita¬ 
tion chamber in such a way as to wash the sand to 
the discharge opening with the use of the minimum 
amount of water. After the machine has been 
cleaned thoroughly the concentrate may, if desir¬ 
able, be returned to the machine and refloated in 
order to raise its grade, the tailing from this opera¬ 
tion forming a middling product, which normally 
would go back to the tube-mill or other fine grinder, 
for regrinding and return to the flotation machine 
with regular feed. 

The chief individual merits of this apparatus 
are that it is driven from overhead, the height of 
the impeller is adjustable, and the settling-chamber 
is adequate, and is so arranged that the pulp circu¬ 
lates thoroughly without the use of any piping. 
The impeller in a machine of this type should be 
driven at a speed of 800 to 1600 revolutions; 1200 
is usually about right. 

Pneumatic Machine 

The pneumatic machine shown in Fig. 2 is use¬ 
ful and can be constructed cheaply. It consists 
essentially of a wooden base into which is sunk a 
recess, to be used as an air-pocket into which air 
is introduced from some simple blower through a 
gas-cock and short nipple. Over the air-pocket in 
this base is placed, first, a square rubber gasket, 
then two thicknesses of 10 oz. duck or its equivalent, 
then a square of ordinary metallic mosquito netting, 
and a second rubber gasket, above which is mounted 
a square metallic cylinder open at each end (having 
a flange at the bottom as indicated and a basin at 
the top to receive the concentrate as it overflows), 
this basin being equipped with a spout by which the 
concentrate as it overflows is directed into the col¬ 
lecting basin. That portion of the edge of the 
canvas which goes under the flange may be satu¬ 
rated with asphalt, care being taken that it does 
not permeate the portion of the canvas going under 
the inner portion of the cylinder. The cylinder is 
attached to the wooden base by a number of screws, 
and is screwed down in place so tightly that no air 
or water will escape through the ed^ of the canvas. 
The flange which is made by bending up pieces of 
the sides, should be reinforced by a square with 
the centre cut out. A small mechanical blower, such 
as the Crowell blower, is useful for this machine. 
Such a blower should be equipped with a pop-valve 
which may be set for any desired pressure by adding 
or removing weights. 

A test is performed in this apparatus as follows: 
500g of ore is mixed with 1250 to 1500 cc of water 
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in an acid-bottle, which is shaken.to wet the ore and 
make a homogeneous pulp. To this is then added 
from 6 to 15 drops of the oil or oil mixture to be 
used in the test. The pulp is shaken vigorously 
until the oil is well mixed with the whole of the 
charge, as described in the bottle test. The oiled 
pulp is now poured into the cylinder, the air is 
turned on and carefully regulated by the gas-cock 
so that the overflow of the concentrate will take 
place gently. This froth is overflowed until all of 
the concentrate the sample will yield has been pro¬ 
duced. The tailing may be removed from the ma¬ 
chine by tipping it up on the end of the base away 
from the air-intake while the air is still turned on, 
and washing out the contents with a jet of water. 
The concentrate may be returned to the machine 
and refloated. 

Crushing 

A representative sample should be carefully 
crushed to such a size that even the coarsest piece 
of sulphide mineral will float readily. In some ores 
pyrite is of little or no value, and it is often desir¬ 
able to float other sulphides without floating the 
pyrite. Ordinarily, pyrite is tougher than the other 
sulphides, and it may be possible to determine a 
degree of crushing that will leave at least a portion 
of the pyrite too coarae to float, while practically 
all of the chalcopyrite or other sulphide that it is 
desired to save may be flne enough for successful 
flotation. If it is desirable to leave part of the 
pyrite unfloated, a test may be made upon ore 
crushed so that it will all pass through a 30 to 50- 
mesh screen. Ordinarily, where it is desirable to 
float all the sulphide constituents of an ore, the 
whole sample should be crushed so that it will pass 
through a 60-mesh screen. Even 100-mesh or finer 
gives the best results in most cases, especially for 
the bottle-tests. 

In testing an ore for the purpose of working out 
the details of milling practice the tests should be 
made upon samples crushed to different degrees of 
fineness in order to determine how fine it is neces¬ 
sary to crush to get the maximum recovery, and 
whether or not a finer degree of crushing is neces¬ 
sary to get the highest grade of concentrate 
possible. 

Oils 

The usual oils or oil mixtures used in flotation 
work include turpentine, crude or refined; steam- 
distilled pine-oil, and the whole range of products 
recovered by the destructive distillation of pine- 
wood, falling generally under the head of pine- 
creosotes and pine-tars; the creosotes and tars pro¬ 
duced in the destructive distillation of hardwoods; 
the neutral and acid creosotes, and refined and crude 
tars produced in the destructive distillation of coal; 
and certain crude oils and petroleum distillation 
products. Qualitative tests may often be made 
with salad-oil, if nothing better is at hand. Small 
amounts of pine-creosotes and tars, may in a pinch 
be made by distilling pitch-pine, oak, maple, alder, 
etc., or coal-tars, in some simple retort. 

Value of Tests 

The simple mechanical apparatus described 
herein will give satisfactory and reliable tests, but 
much of importance can be learned by the bottle- 
tests, and they may be constantly used to advant¬ 
age around an operating mill. The agitation and 
the pneumatic machines are entirely adequate for 
making elaborate studies of flotation problems. 
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changing all factors, such as kind and amount of 
oil, dilution of pulp, fineness of ore, the use of ad¬ 
ditional reagents, such as lime, ferrous sulphate, 
copper sulphate, sodium hydroxide, sodium sul¬ 
phide, and sodium silicate. Where ore is to be 
ground dry and many tests are to be made, a 
quantity of the ore should be mixed thoroughly 
after grinding and screening, and portions of the 
pulp to be tested should be weighed out into a num¬ 
ber of paper sacks to facilitate rapid work. Some 
ores do not float readily if they have been dried; 
so, in checking mill-work, the drying of ores and 
the grinding of them dry should be avoided. 



Filtering 

Large Buechner filters, with filter-pumps at¬ 
tached, may be used where many samples are being 
handled. Where few samples are being handled 
and assays do not have to be made promptly a wick 
filter may be used satisfactorily. A single paper 
towel folded to about ail inch wide and flattened 
with the end held by a wire paper-fastener may 
be wetted and one end put in the pan of concentrate, 
the other end being folded over the edge of the 
pan and brought down below the bottom of the 
pan. Capillarity will remove the water at a sur¬ 
prising rate. If the pan is set on the edge of a 
sink, the water may be allowed to go to waste as 
it is removed or it can be caught in a pan. When 
the sample is air-dry the concentrate on the wick- 
filter may be brushed off. This simple device is very 
useful in removing water from samples of mill- 
pulp containing slime. Such a sample may be de¬ 
canted after a reasonable len^h of time if a pinch 
of alum is added to it when it is collected. After 
all the water than can be safely removed is poured 
off, a further amount may be taken off with a wick 
filter and the pulp brought to a thick consistency 
ready to go into a steam-dryer or to be used for 
flotation tests. 

Larger Pneumatic Machine 

A cheaply constructed continuous machine of 
the pneumatic type can be constructed with a tank 
of wood or galvanized iron, the air cells being 
carved out of a straight grained piece of redwood or 
pine timber. Such a machine, as shown in Figs. 3 
and 4, is very useful in testing under mill conditions. 
The measurements given may be varied as desired. 


MINING CATALOG 


Digitized by v^ooQle 




A machine 4 ft. long and 6 in. wide with 2 sq. ft. 
of canvas surface was built some years ago for a 
total cost of less than $50. 

The body of the machine is a rectangular tank 
with a sloping bottom or false bottom, and overflow 
sides. One overflow side will do for testing. Pulp 
from the launder 1 (see Figs. 3 and 4) enters the 
feed chamber 2 and flows into the flotation cham¬ 
ber, where it passes over the wooden air-cells 4, 
through the upper canvas surface of which com¬ 
pressed air is being forced. The air is applied 
through the hose 5 from the header-pipe 6. Each 
air-cell is regulated independently by a valve 7. 
The air rising through the previously oiled pulp 
builds up a fed of mineral-bearing froth above the 
water level; this froth flows continuously over the 
lip 8 and is carried away by the launder 9. The 
bed of fra^le froth, which readily breaks down 
unless air is constantly bubbling up beneath it, 
is prevented from flowing over the tailing discharge, 
where no air is rising, by a partition 10 that divides 
a dead-water space 11 from the frothing-chamber. 
The bulk of the tailing is discharged through the 
valve 12. The deflector 13 guides any bubbles 
carried toward the tailing-valve by the flow of the 
pulp back into the frothing chamber. The deflector 
14 causes a counter-current of froth to flow toward 
the feed end of the machine. Slime-tailing flows 
through the opening 15 and the swing-pipe 16 and 
through the hose 17 and joins the sand-tailing in 
the main tailing launder 18. The swing-pipe 5 
may be fastened at any desired height by engaging 
the proper link of the chain 20 over the nail 21. 
When the valve 12 is set so that it does not permit 
all the tailing to flow through it, the position of the 
swing-pipe fixes the height of the water level, which 
will not vary until the pipe is re-set. 

A Device for Flotation Experiments, by Will H. 
Coghill, Min. & Sci. Press, April 12, 1919. The 
device recommended here has been used at the 
North-West station of the U. S. Bureau of Mines at 

Flotation Tests on 
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Seattle. It consists of two pyrex flasks, one of 
250 cc and the other of 500 cc capacity. A rubber 
nipple is placed on the neck of the smaller one, so 
that when the flaring portion is ground off it will 
fit snugly into the larger. To prepare a test, the 
smaller flask is filled with a mixture of ore and 
water of the desired consistency and emptied into 
the larger one, after which about three cubic centi¬ 
meters of water is added. After the desired flota¬ 
tion reagents have been added, a stopper is placed 
in the flasks and we are ready to proceed with the 
test. 

The procedure of testing is by means of hand 
agitation for, say, five minutes. The stopper is 
removed, the flasks are united, and, after a brief 
agitation, they are placed so that the 250 cc flask 
stands upright. The extra 3 cc of water elevates 
the lower level of the froth so that it will overflow 
into a collecting-pan when the larger flask is re¬ 
moved. The agitation may be repeated as often 
as desired by adding a little extra water each time. 

The efficiency, of course, is low as compared with 
the mechanical devices, but the relative floatability 
of minerals and the relative effects of flotation 
reagents may be determined quickly. There are 
two reasons why the efficiency is low: first, there 
is no opportunity for the froth to build up during 
the agitation period; second, a small quantity of 
gangue lodges on the bench formed by the union 
of the inner and outer tubes, and by joining the 
overflow reduces the grade of the concentrate. 

The quantity of modifying reagents must be 
determined by calibrated devices; otherwise im¬ 
pressions may be misleading. This is demonstrated 
by the following example. When four drops of oil 
were added from a medicine-dropper the pyrite 
floated so freely that the results were adverse. The 
dropper was then calibrated, and it was found that 
four pounds of oil per ton of ore had been used. 
The test was then repeated with one drop of oil 
and the results were encouraging. 

Zinc Tables Slime 


Purpose of Experiment 

To provide mine owners with facts concerning 
amenability of their table slimes to flotation. It 
should be remembered that flotation concentrates 
of zinc tenor bear a penalty because of fineness. 
The term “table slime” or discharge should not be 
confused with “table sludge” or feed. 

Amount of Slime Available 

Reports indicate 9 per cent, of total mill feed 
is sent to thickeners as “slime.” Slimes for this 
experiment were obtained from the Dorr Thickener 
of the Golden Rod Mining & Smelting Corporation, 
Tar River, .Okla., contained 25 per cent, moisture 
and showed the following analysis in per cent.: 

CnmCAl^ AKAJ^TBIB OT TABM SUXB 


Zn. 

Fe. 

CaO. 

MgO. 

Pb. 

‘Insoluble” 


13.77 

0.92 

6.83 

5.41 

0.76 

55.51 


Total determined. 83.20 

A screen analysis, using Tyler Standard Screens, 
showed following results: 

SCKBBir AHABVBIS OF TABBB SBIMB 



Diameter 



Per Cent. 


On 

Opening:, 

Sample 


Cumulative 

Per Cent. 

Mesh 

65 

100 

Inches 

0.0082 

0.0058 

Weights 

Per Cent. Weights 

Zinc 

9.28 

2.25 

2.25 

2.18 

150 

0.0041 

73.70 

17.83 

20.08 

3.63 

200 

0.0029 

124.50 

30.13 

50.21 

12.17 

—200 

LINING 

0.0029 

CATALOG 

205.70 

49.79 

100.00 

15.35 


From preliminary tests with a Janney test ma¬ 
chine it was found that the A. T. Mixture (alpha 
naphthylamine and ortho toluidine) from the New¬ 
port Chemical Company of Passaic, N. J., used 
with copper sulphate produced results so good that 
further research was confined to this combination. 

Method of Conducting Experiment 

700 gr. dry ore mixed with 5 parts of tap water 
was mixed in machine, .75 lb. of oil to 1 ton of ore 
added and agitation continued. Then copper sul¬ 
phate was added and “concentrate” was skimmed. 
“Middling^’ was then skimmed until no blende was 
apparent in the froth. The total time for test was 
twenty minutes. 

Copper Sulphate Consumption 

Best results were found when 2 pounds copper 
sulphate were added per ton of slime, i. e., 70 c. c. 
of 1 per cent, solution in the experiment. 

Calculation of Recovery 

The recovery was calculated by the following 
formula: 

(Weight of concentrate X per cent. Zn) -|- (Weight 
of middling X per cent, zinc) 


Weight of Charge X per cent. Zn 
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Results tabulated below have been checked from 
one to three times: 


xBBxrxiTS or aa 

-Oil- “Reagent 


IVTAlk FXiOTATZOV WOSK 

-Results- 


froth in test No. 3-A, although it did not appear to 
be as stiff as in tests No. 1-A and 2-A, carried prac¬ 
tically as much blende. One set of these results 
is tabulated below. 
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C. 
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< 


•a 
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1 8 A.T. 

2 Drops Mixture 

3 in in 

4 every every 

6 test test 
6 

7 

8 


10 


P c 

o ‘2 Concentrate Middling Tailing ® ® 
E 5 Per Per Per 

■< « wt. Cent. Wt. Cent. Cent, a 




Grama 

1 Zn 

Grams 

Zn 

Zn 


30 

CuSO 

. 48 

64.70 

39 

41.44 

8.12 

44.0 

40 

in 

98 

54.91 

20 

43.60 

5.09 

65.0 

50 

every 

120 

67.91 

27 

43.30 

2.34 

84.0 

60 

test 

130 

58.74 

25 

40.92 

1.31 

88.5 

60 


130 

58.33 

27 

39.16 

1.40 

88.0 

70 


160 

67.08 

17 

26.31 

1.22 

92.0 

70 


150 

58.84 

12 

32.43 

0.58 

95.0 

70 


148 

58.64 

14 

31.50 

0.61 

95.0 

80 


150 

58.42 

17 

23.41 

0.60 

95.0 

90 


149 

58.70 

16 

22.81 

0.59 

95.0 


Edward H. Robie, in his paper on “The Use of 
Naphthylamin and Xylidin in Flotation,” Engineer¬ 
ing and Mining Journal, Vol. 108, No. 18, page 731, 
makes the following statement: “When operating 
with X-cake-kylidin, economy requires the use of 
the largest possible amount of return water. . . . 
Apparently little or no deterioration occurs in set¬ 
tling ponds, although the water gradually turns a 
dark brown. Considerably less of the agents under 
discussion are therefore required if the make-up 
water is kept at a low proportion of the total.” 

To verify the above statement several series of 
tests were run in the following manner: 

One of the weighed charges was run as pre¬ 
viously described. This test has been designated 
as No. 1-A. The water from test No. 1-A was 
siphoned off and used for the next test. No oil was 
added, but the same amount of copper sulphate was 
found to be necessary. This test was called No. 
2-A. The water from test No. 2-A was siphoned 
off and used in like manner for tesOJo. 3-A. The 
froth which formed in test No. 2-A had the same 
characteristics as that formed in No. 1-A. The 
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Grams Zn 

Grams 

Zn 

Zn 


1-A 

8 

A. T. 

70 

CuSO 153 67.00 

25 

12.43 

1.01 

95.0 

2-A None 

Mix¬ 

70 

CuSO* 148 57.71 

26 

21.76 

0.81 

95.0 

3-A None 

ture 

70 

CuSO 149 58.22 

4 

18 

21.86 

0.92 

95.0 


Conclusions Based on the Test Work 

1. Copper sulphate is the main factor in the 
concentration of the blende in this slime by flota¬ 
tion. 

2. The “A. T. Mixture” of the Newport Chem¬ 
ical Company, of Passaic, N. J., in conjunction with 
copper sulphate', was the oil best suit^ to float the 
blende in this slime. The amount of oil used in 
each test is equivalent to 0.75 lb. per ton or dry ore. 

3. The best results were produced by 70 c.c. 
of a 1 per cent, solution of copper sulphate, this 
amount being equivalent to approximately 2 lb. 
per ton of dry ore. 

4. Small amounts of copper sulphate added at 
intervals did not raise the blende as well as when 
added all at one time. 

5. The oil must be added first. When the cop¬ 
per sulphate was added to the charge before it was 
poured into the machine, practically no blende 
floated. 

6. The consumption of oil may be lowered con¬ 
siderably by returning the water from the con¬ 
centrate and tailing to the flotation cells. 

—Abstracted from Article by M. H. Thornberry in Engineer¬ 
ing and Mining Journal. January 4, 1922. 


FROTH FLOTATION OF COAL 


The application of the flotation process to the 
purification of coal, while put into practice only 
recently, has already attracted considerable atten¬ 
tion from the industry. As an illustration, we 
would cite the recent description given by Mr. P. 
G. Peterson of the Peterson cell, 8' 6" in diam., 
having an approximate capacity for 50 tons for 24 
hours, in his recent presidential address to the 
British Columbia Section of the Canadian Mining 
Institute. The pu^ose of the test described was 
to ascertain the suitability of the flotation procses 
for cleaning Vancouver Island coals. The process 
in brief is as follows: 

The coal pulp is dropped into the bottom of the 
cell and air is added, a heavy, oily froth, black with 
coal particles, is formed, which passes over a weir. 
With flotation a stiff froth lifts the coal above the 
slate so readily that the coal and tailings discharge 
can be made at levels further apart than with jig 
washing. Not only is coal lighter than slate, but 
it is more readily carried by the froth and would 
be so carried were it even heavier than the slate. 

The best results were obtained when using an 
oil mixture that produced a voluminous froth. 


The actual weight used varies with the kind of oil, 
but in general 10 pounds of oil is all that was re¬ 
quired to float a ton of coal, and in some cases 2 
pounds of oil per ton of coals loaded were found 
to be sufficient. 

Flotation is best suited to the recovery of coal 
from fine material. Coal washing tables are an 
effective means of cleaning coal coarser than 60 
mesh, and it is only with sizes finer than this that 
flotation will! be useful. This offers exceptional 
opportunity for the treatment of coal high in ash 
so intimately mixed with the coal substance that 
fine grinding is a necessity. 

In a recent article in “Chemical and Metallurgi¬ 
cal Engineering,” by O. C. Ralston and A. P. Wich- 
mann, they make the statement that flotation of 
furnace and household ashes on a large scale could 
be performed with advantage. They also state that 
semi-anthracite and coking coals are the most 
amenable to flotation, but sub-bituminous coals can 
also be floated. Among the reagents used by them 
were X-Cake with zylidine to effect solution, kero- 
sene-pine oil, coal tar-pine oil, coal tar-hardwood- 
oil and hardwood-oil creosote. 


.SKCTION XX 


MINING CATALOG 


Digitized by LjOOQie 



FLOTATION OIL DATA, 


CHEMICALS AND FLOTATION OILS 


Obviously, aside from the problem of obtaining 
the greatest possible recovery of mineral by the 
use of any suitable flotation oil, one of the most 
important considerations is the utilization of the 
less expensive oils. 

The principal sources of the supply of these 
oils are three: petroleum and its products and by¬ 
products; by-products from coke ovens and gas 
retorts; and various derivatives in the distillation 
(both steam and destructive) of various woods. 

Hundreds of miscellaneous oils have been ex¬ 
perimented with, but with few exceptions com¬ 
mercial plants operate on a combination of the 
products mentioned above. While no rules can be 
set down, the usual function of the various oils is 
known in a general way. A good oil mixture for 
any given ore must contain elements for (1) oiling 
(selectively) the concentrate minerals, and (2) 
forming a sufficient volume of froth to carry the 
concentrate. 

It has been the custom to divide flotation oils 
into two large classes, the frothing oils and the col¬ 
lecting oils. This is done mainly because some oils 
seem primarily to reduce the surface tension of the 
water, while others seem to affect the interfacial 
tension and to produce a non-wet film of, perhaps, 
molecular dimensions, around mineral particles. 
The latter are the collectors, the former the froth- 
ers. This view does not appear to be quite sound. 
It seems that we cannot draw such a sharp line of 
demarcation between these two types of oils. It is 
perhaps more correct to state that some oils exert 
a very marked influence on the nature of the froth, 
a property which in a measure obscures the other 
properties of this oil. Other oils, again, seem to 
affect the froth very slightly because of their co¬ 
hesive and coating properties. By carefully study¬ 
ing the above-stated functions of a flotation oil, 
one will readily see how impossible it will be to pro¬ 
duce one oil for the treatment of all ores. One oil 
cannot possibly combine all these properties as 
required for all types of ores. These factors are 
all variables in different cases, and in most in¬ 
stances the problem of successful flotation for any 
given ore requires its own solution. 

Oils answering the first requirement are usually 
the least expensive, and it is common to use a com¬ 
paratively large percentage of such an “oiler” 
with a small amount of a “frother,” or “foamer.” 
Certain lubricating oils, Texas crude petroleum 
and especially crude coal tar, are cheap but satis¬ 
factory oilers, and form a basis of many mixtures. 
Lighter oils, more or less miscible or soluble in 
water, have frothing characteristics as a rule, and 
include pine oil, pine tar oil, wood creosote, coal tar 
creosote and other light tar oils, eucalyptus oil and 
turpentine, as suggested. Small proportions of 
these last are generally mixed with the cheaper 
products. 

Coal Tar Oils 

Practically every product of coal tar has been 
used in the process, but the principal ones at the 
present time are the various crude tar fractions, 
including tar itself. As a source of various ma¬ 
terials for use in flotation operation, three fractions 
are taken off and used as a raw material in further 
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manufacturing operations. The lightest fraction 
which comes off is commonly known as light oil, 
the second fraction creosote oil, and the third con¬ 
taining the higher boiling fractions is Pitch of 
different grades. The majority of the flotation oils 
are those obtained from the light oil or creosote 

Wood Oils 

Frothing quantities of Wood Oils: 

Crude Wood Turpentine.Thin ephermal froth. 

Pine Oil .Thin ephermal froth. 

Refined Tar OH.Large amount ephermal bubbles. 

Tar Oil .Large amount, large stiff bubbles. 

Crude Wood OH .I^arge amount, large stiff bubbles. 

Pine Tar .Large amount, large stiff bubbles. 

Hard Wood Creosote .Small bubbles, stiff froth. 

The Standard Products are known as: 

Pine Oil—Steam distilled, light straw color, 
specific gravity 0.920 to 0.940. 

Pine Oil—Destructively-distilled, straw yellow 
in color, specific gravity 0.910 to 0.930. 
either alone or blended with various materials of 
many specific gravities and acid contents. 

Pine Tar Oil—Double-refined, color reddish, 
transparent, gravity 0.935 to 0.975. 

Pine Tar Oil—^Dark Brownish, specific gravity 
102 to 105. 

Wood Creosote—May be as dark as Tar Oil, as 
well as partly transparent, specific gravity 0.950 
to 1.070. 

Pine Tar—Brownish black, specific gravity 105 
to 109. 

Crude Wood Turpentine — Destructively-dis¬ 
tilled, reddish in color, specific gravity 0.975 to 
1 . 000 . 

In some instances the Turpentine is distilled off 
and all the rest left in one fraction, containing all 
the Tar and Tar Oils, including the Pine Oil. These 
oils are used at some mines. Again others use what 
is known as the middle fraction; that is, the Tur¬ 
pentine is distilled off at the beginning and at the 
end a residium of pitch is left. 

' The most successful flotation oils so far pro¬ 
duced are products of the long-leaf pine tree. 
There are two different types of products from the 
pine tree, the one is the steam-distilled, the other 
the destructively-distilled oil. The steam-distilled 
pine oils have given far better results in the flota¬ 
tion field than have the destructively-distilled oils. 
Some have found that in the use of the so-called 
pine-tar or destructively-distilled pine oil the froth 
is liable to break, with the result that the mineral 
concentrate is precipitated, especially in the case of 
long contact with acid solution. In some cases, 
however, pine-tar oils give a fairly good froth. A 
brief consideration of the steam-distilled pine oils 
which have gdven such uniformly excellent results 
in the flotation process may be of some interest 
here. These pine oils are produced from the Long- 
Leaved Pine or Pinus Australis. The source of the 
pine oil is the dead heart pine wood, stump and 
knot. The origin of the oil is not well established. 
Some of its constituents are related chemically to 
pinene found in turpentine. All of its constituents 
belong to the class known as “terpenes,” and the 
most important of these are terpineol, fenchyl- 
alcohol, bomeol, camphene, phenols and terpinene. 
Some believe that the pine oil occurs in a different 
part of the wood-structure than the turpentine. 
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Whatever the real ori^n of the oil, it is a product 
of very specific and distinct physical and chemical 
characteristics. 



Diagram Showing Process of Extraction of Steam Dis¬ 
tilled r>ine Oil. 


Hard Wood Oils 

Hard Wood Oil—^Destructively-distilled from 
hard wood, by-product of wood alcohol and acetate 
of lime, brownish in color, specific gravity 0.940 to 
0.980. 

Hard Wood Tar—Brownish-black, gravity 107 
to 109. 

Hardwood Creosote on Differential Flotation 

In the course of flotation experiments being con¬ 
ducted by the Moscow, Idaho, field office of the U. S. 
Bureau of Mines, in co-operation with the Simon 
Silver-Lead Co., of Mina, Nev., it has been found 
that hardwood creosote alone gave a fair differen¬ 
tial separation of the galena and sphalerite. In 
combination with sodium dibasic phosphate, a 
marked flotation of the galena in preference to the 
sphalerite was given. Sodium carbonate and creo¬ 
sote gave better results than creosote alone, the 
same being true for potassium permanganate. 

Western Wood Oils 

As a result of investigation made jointly by the 
School of Forestry and the School of Mines of the 
University of Idaho, in co-operation with the State 
Bureau of Mines and Geology, to determine the 
availability of western wood oils for use in the 
Flotation process, we are able to give the follow¬ 
ing summary of results obtained: 

The purpose of the study was to determine: 

(a) The possibility of obtaining wood oils suitable for 
use in flotation concentration from the commercial species 
of Idaho woods. 

(b) To determine the yield of oil obtainable from each 
species; and 

(c) To determine the possibility of producing oils hav¬ 
ing a reasonable degree of uniformity with reference to 
their flotation properties. 


In the steam-distillation process the pine oil is 
extracted from the wood which has been chipped 
into extremely fine fragments by means of a sol¬ 
vent at a high temperature. The solution contains 
all the resins as well as the various pine oils. By 
means of the new methods of refining and distill¬ 
ing a pine oil of a specific gravity anywhere be¬ 
tween 0.875 and 0.995 can be produced. It is pos¬ 
sible not only to produce pine oils of any such 
desired gravity, but also to remove all traces of 
foreign substances, whether added in the manufac¬ 
turing process or present in the original raw 
material. 

The final product, steam-distilled pine oil, is a 
light straw-colored oil with a very pleasant odor. 
This oil has a refractive index ranging between 
1.4797 and 1.4815 at 20° C., an acidity of less than 
0.1%, and a free water-content of less than 1%. 
The polymerization residue of steam-distilled pine 
oil of 0.935 gravity is less than 5%, with an index 
above 1.4850. A comparison of specific gravity 
and refractive index is a safe means of determin¬ 
ing the purity of the oil. The minimum index 
ought to correspond with the minimum gravity. 
Should the oil be adulterated with mineral oil, for 
example, the gravity will be lowered, but the index 
will be higher than that which ought to correspond 
with that given gravity. The amount of mineral 
oil in such a mixture can be determined by means 
of the sulphuric acid—^polymerization residue 
method. The flash point of a highly refined pine 
oil is about 76° C. by the open cup method. 


Species of Wood and Estimated Amount Available: 

Red or Douglas Fir—20 to 27 billion board feet. 

Western Yellow Pine—16 to 22 billion feet. 

Lodgepole Pine—11 billion feet. 

Western Larch—Tamarack—6 to 7 billion feet. 

Western Red Cedar—4 billion feet. 

White or Grand Fir—5 bilhon feet. 

Yields were obtained of from 10.6 gallon per 
cord with White Fir, to 55 gallons per cod with 
Western Yellow Pine, the relative cost of produc¬ 
tion ranging from 5.3 to 1 respectively. 

Conclusions From Results of Tests: 

From the Tests made on Idaho ores of various 
kinds, using the oils recovered from these woods, 
it was considered safe to conclude: 

(1) That good flotation oils can be produced by the 
destructive distillation of the commercial wood species occur¬ 
ring in Idaho. 

(2) That of the woods distilled, the oils produced by the 
destructive distillation of Port Orford cedar are, in general, 
the most satisfactory, comparing favorably with the best 
flotation oils in the market. 

(3) That the oils produced by the destructive distilla¬ 
tion of lodgepole pine, red fir and larch are good flotation 
agents compared with the standard oils used. 

(4) That the oils produced by the destructive distillation 
of western red cedar, yellow pine and white fir may be 
classed as fair flotation agents compared to the standard 
oils used. 

( 5 ) That large quantities of the various species of wood 
are available for destructive distillation either in stands, as 
saw mill waste or as stumps in land clearing. 

(6) That, in general, under favorable conditions, the 
production of flotation oils from western woods is commer¬ 
cially feasible in connection with the manufacture of other 
forest by-products. 
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THE CONNERSVILLE BLOWER CO. 


PRESSURE BLOWERS, 


THE CONNERSVILLE BLOWER CO. 

Main Office and Factory 

CONNERSVILLE, INDIANA 


CHICAGO SALES OFFICE 
1431 Monadnock. Bldg. 


NEW YORK SALES OFFICE 
114 Liberty Street 


Pressure Blowers and Pumps 


Products 

Connersville Positive Pressure Blowers. 

Victor Positive Pressure Blowers. 

Capacities—5-50,000 cubic feet per minute. 

Pressures—to 10 lbs. per square inch. 

Gas Boosters, Exhausters and Meters. 

Rotary Valveless Pumps for water, oils and 
other liquids. 

Valveless Vacuum Pumps. 

Flotation Blowers 

Modem flotation processes have created a need 
of blowers to deliver the air against pressures of 
from 5 to 10 pounds per square inch with varying 



Flotation Blower 


volume requirements. Connersville High Pressure 
Blowers were used for the experimental work along 
these lines and the results obtained were so satis¬ 
factory that they are generally adopted for flota¬ 
tion installations. 

For these higher pressures the cylinders and 
impellers of the blowers are shortened, bringing the 
journals closer together. By decreasing the dis¬ 
tance between the journals in proportion to the 
pressure the bearing and gear loads remain prac¬ 
tically constant. Double'outer-bearings support the 
shaft beyond the gear-housing. As the blower and 
outer bearing are mounted on a one-piece base plate, 
each machine is a strong compact unit. 


Connersville High Pressure Blowers are offered 
in capacities from 25 cubic feet per minute up and 
for pressures ranging up to 10 pounds per square 
inch. Bulletin 23M describes and lists these blow¬ 
ers in detail. 

Smelter Blowers 

When smelting furnaces were smaU, the blowers 
of small sizes and for low pressures served them 
successfully. But with the advent of larger and 
deeper furnaces, blowers of greater capacity and 
increased stren^h were required. This led to the 
development of the Connersville Smelter Blower. 

These smelter blowers are built in a complete 
range of sizes up to and including 400 cubic feet per 
revolution and are furnished with either a single 
pair of gears or double geared drive. 

The driving power of blowers already installed 
in smelters have been furnished through direct 
connected steam engines, rope drives, motor drive 
through belt, water wheel, etc. Some of these are 
illustrated in Catalogue 18M, which also supplies 
engineering data. 

Valveless Rotary Pumps 

Not only are these pumps suitable for pumping 
oils, water and other liquids, but they are used to 
produce vacuums. Air or gases and liquids can be 



Valveless Rotary Pump 


handled simultaneously. They are equally success¬ 
ful as wet or dry vacuum pumps, and will not be 
injured by a slug of water. 

The application of this type of pump to metal¬ 
lurgical processes has been general, it being used 
wherever vacuum filtration or drying of sands or 
concentrates is carried on. 



Smelter 

Blowers 

at 

Work 
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FLOTATION MACHINES. 


GROCH CENTRIFUGAL FLOTATION CO. 


Groch Centrifugal Flotation Co. 

509 Mills Bailding. EL PASO, TEXAS 

Oil Flotation—Ore Testing—Mill Designing 


Products 

Groch Centrifugal Flotation Machines; Houston 
Belt and Disc Feeders; Diaphragm Pumps; Roast¬ 
ing Furnaces. 

Engineers for the design and construction of 
concentration, amalgamation and cyanide plants. 

Uses 

The Groch Centrifugal Flotation Machines are 
used for the recovery of valuable minerals from 
their ores. The differential recovery of lead and 
copper from ores containing zinc and later recov¬ 
ering the zinc is accomplished in the same machine. 

Agitation where strong agitation with air is 
desired. 



For saving wood fibre, which is now lost in 
paper mills. 



Principle of Operation 

The Groch Impeller operates like a steam ejector, except¬ 
ing that the pressure on the pulp is caused by the centrifugal 
action of the impeller, which sucks the pulp up from the agi¬ 
tation chamber, and throws it out from the top and bottom 
sections of the impeller, thus creating a vacuum at the peri¬ 
phery of the middle section which causes the air to be 
sucked down the hollow shaft from the atmosphere. 

The oils and chemicals are fed down the hollow shaft, 
where the air enters. 

The impeller atomizes the oil, therefore the air is oiled 
before it strikes the pulp. This is a distinct Groch feature. 

The ground ore and ivater, forming a pulp, is fed under 
the floor of the first cell. The impeller sucks it up within 
itself, where it meets the oiled air. 

This aerated pulp is thrown outward from the impeller 
into the agitation chamber, where the pulp and air bubbles 
rise, with all of the advantages of both pneumatic and me¬ 
chanical flotation systems. 


The whole mass rises and flows over a weir into the 
settling chamber, where the current is quieted and the froth 
carrying the mineral flows over into the concentrate 

launder, after dropping 


the gangue. 

The settled product 
is drawn to the next 
impeller, where the pro¬ 
cess is repeated, and 
thus continues until the 
tailings are automatic¬ 
ally discharged from 
the machine. 
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Advantages 

The Groch Centrifu¬ 




gal Flotation Machine 
will differentially sep¬ 
arate different minerals 
from the same ore in 
the same machine. 

The Groch Machine 
uses less power per ton 
than any other machine 
on the market. 

The Groch Machine 
gets clean concentrates 
and a high extraction. 

The Groch Machine 
is easy to operate. It 
is practically FOOL 
PROOF. 

Tonnage 

The Groch Machine 
is made in all sizes from 
twenty-five to five hun¬ 
dred tons per day in one 
machine. 

We also make a lab¬ 


oratory machine which 
gets mill results. 


OSNBKAZi DIMBirSXOirS OF OROOH CBHTRZFTrOAZi FZiOTATION MACKIRBS 


Cells 

Size 

Style 

1 

A B 

1 

C 

D 

E 

F 

G 

H ' J 1 K L M 

■ 1 

I 1 1 Approx. 

N O P Q Wt. 

II ^ Uw. 

2 

12'' Impeller 

Belted 

7' 0"i2' 0" 

3' 11" 

9 ' 0 " 

4 ' " 

3' 9%" 

5' 5Va" 

2 ' 2%''|9"|2^4" 6"i5*" 

10%"|6' 0"|2' 1H4" 6 ' 0" 3000 

4 

12" Impeller 

Belted 

7' 0" 2' 0" 

.3' 11 " 

9' O' 

S' 0" 

7' 1 ^" 
10' 4%" 

5 ' 5 " 

2 ' 2 %" 9"|2^^4" 6"I5A'’ 

10^"i6' 0" 2' 11 5' 0" 6900 

G 

12" Impeller 

Belted 

7' 0"i2' 0" 

3' 11" 

9 ' 0" 

11' 3 " 

5' 51;^" 

2' 2%" 9"|2-%" 6"I5A" 

IOH^IG' 0" 2' 11 1" 5' 0" 6300 

8 

12" Impeller 

Belted 

7' 0"|2' 0" 

3' 11" 

9' 0" 

1 r 7 " 

13' 8 %" 

5' 61/^" 

2' 2%" 9" 2%" 6"l5iV'’ 

10 ^"I 6 ' 0 " 2 ' 11 I" 5' 0 " 9600 

10 

12 " Impeller 

Belted 

7 ' 0 "| 2 ' 0 " 

3' 11" 

9' 0" 

17' lO'-i" 

16' 11 %" 


2' 2%" 9" 2?*" 6"l5y*" 

10V4"|6' 0" 2' 11 1" 6 ' 0" 11000 

12 

12" Impeller 

Belted 

7' 0"12' 0" 

3' 11" 

9' 0" 

21 ' 2 " 

20 ' 3V^" 

5' 51 . 5 " 

2' 2 %" 9" 2-r4" 6 "| 6 A" 

10 Vi"| 6 ' 0 " 2' 11 J" 5' 0 " 13500 

4 

18" Impeller 

Belted 

8 ' 0" 2' G" 

4' 7» 

9' 0 “ 

12 ' 4 " 

11 ' 7" 

6 ' 9" 

5' 0" !3''|2?4''I6"I4U'' 

10^"|6' 0"I2' IIH" 5' 0" 8000 


18" Impeller 

Belted 

8 ' 0" 2' G"1 

4' 7" 1 

9' 0": 

15' 1" 1 

1 14 ' 3 Vij" 

G' 9" ' 

5' 0" ;3"l2a4"|G"!4i4" 

10i.^"|6' 0"|2' llU" 5' 0" 12000 

8 ! 

18" Impeller 

Belted 

8' 0" 2' 6"! 

4' 7" 1 

9' 0 "' 

IT ' 9 U" 1 

1 17' 0" 

G' 9" 

5' 0" :3"i2-%"!6"|4^" 

10J^"I6' 0"I2' llU" 5' 0" 16000 

10 1 

18" Impeller 

Belted 

8' 0" 2' G"l 

4' 7" ' 

9' 0"* 

20' G" 1 

1 19' 81A" 

G' 9" 1 

5' 0" |3";2‘\ "16" 4H" 

10^"|6' 0" 2' H i" 5' 0" 19000 

12 1 
4 

G 

8 

10 

12 1 

1 18’' Impeller 

1 18" Impeller 
18" Impeller 
18" Impeller 
18" Impeller 
18" Impeller 1 

Belted 
Motor 
Direct 
Connected 
To Each 
Impeller 

8' 0" 2' 6" 

1 2' G"1 

1 2' G" 

12' G" 
'2' G” 
12' G" 

4 ' 7" 1 
14; 

4 ' 7" 1 
4 ' 7" 1 
4' 7" ' 

9' 0": 

1 

1 

23' 2U." 1 

i 

1 22' 5" 1 
■ 1 1 ' 7" 1 

14' 3 U " 
IT' 0^' 1 

19' sv:." I 
22' 5" ' 

G' 9" 1 
G' 9" 1 
G)' 9 " ! 
G' 9" 1 
6' 9" ' 
6' 9" 1 

5' 0" I3"|2%"|6" 414 " 
5'0" I3"I2^i"| 

5' 0" r''2%n 

5' 0" i3"|2^"l 

5' 0" I3"l2ai"! 

5' 0" '3"I2i4"l 1 

10^"I6' 0"|2' IIU" 5' 0" 22000 

1 8500 

12500 
16000 

' 20000 

I 23000 
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SOUTHWESTERN ENGINEERING CO. 


FLOTATION MACHINES. 


SOUTHWESTERN ENGINEERING CO. 

INCORPORATED 


Ore Testing-Treatment Plants Designed and Erected 

Offices 

1221 Hollingsworth Bldg., LOS ANGELES, CALIFORNIA 

Factory: Culver City, Califomia 
Branch Offices 

410 Hegeman Bldg., 200 Broadway, New York City 16 de Septiembre 6, Mexico City, Mexico 

Consulting Mining, Metallurgical and Mechanical Engineers 


Products 

K & K Flotation Machines; Southwestern Ore 
Feeders: Kraut Oil Feeders; Vibrating Screens; 
Southwestern Steam Condensers; Gasoline Conden¬ 
sers ; Dephlegmators; Air Inter and After Coolers; 
Gas Coolers and Heat Exchangers. 

K & K Flotation Machines 

K & K Flotation Machines are of the horizontal 
rotor type. The pulp enters one end of the machine 
and is picked up and aerated by the rotor, the froth 
overflowing from the Spitz into a launder. The 



pulp is aerated a number of times in its spiral 
course through the machine and is discharge at 
the other end as a clean tailing. 


The K & K Machine is entirely self-contained, 
requiring no blowers, air-pipes or accessories. Over 
four hundred of them are now in use in flotation 
mills everywhere. 


We carry the following Mill Supplies: Chrome 
Steel Balls; P. E. Flotation Oil (Collecting Oil); 
Pine Oils (Frothing Oils); Sodium Sulphide, 
Sodium Cyanide, and other heavy chemicals. 


TTPBB or K fe K rBOTATIOV MAOKIHaS 


Type 

Shipping 

Weight 

Lbs. 

H. P. 
to Run 

Capacity 
per 24 Hrs. 

I Tons 

1 

A-2612 . 

4200 

7-10 

75-100 

A-2610 . 

3800 

6-8 

50-70 

A-2608 . 

3000 

4-6 

25-40 

A-2606 . 

2400 

3-5 

10-25 

A-1808 . 

2000 

3-5 

10-25 

A-1806 .1 

1500 

3-4 

8-15 

A-1804 . 

1200 

2-3 

5-8 



LITERATURE UPON REQUEST: 

K & K Flotation Machine Catalogue (5th Ed.) 

Bulletin A-3—Coolers Bulletin 0-5—Condensers 

mining catalog section XX 


Digitized by 


Google 















760 


AMERICAN CYANAMID COMPANY. 


AMERICAN CYANAMID COMPANY 



511 Fifth Avenue, NEW YORK 

Manufacturers of 

AERO BRAND CYANIDE 



Product 

Aero Brand Cyanide is an air-nitrogen product 
made At Niagara Falls, by an electric furnace 
process. 

History and Use 

Aero Brand Cyanide was first produced in 
January, 1917, with an initial production the first 
year of about 1,000,000 pounds of sodium cyanide 
equivalent, which has been steadily increased so 
that the production of 1922 will exceed 15,000,000 
pounds of actual sodium cyanide equivalent. Its 
use had become almost universal for the extraction 
of gold and silver from their ores, under all condi¬ 
tions of cyaniding practice. 

Advantages 

The distinct advantages of Aero Brand Cyanide 
in ore extraction are: 

(1) Low cost of a unit of cyanogen at point of 

consumption. 

(2) Extraction efficiencies on both gold and 

silver ores equal to those with any other 
grade of cyanide. 

(3) Consumption of cyanide the same as when 

other cyanides are used. 

(4) Inert matenals in Aero Brand Cyanide 

assist in coagulating the slimes and 
accelerating the clarification and filter¬ 
ing of the pulp from solutions. 

(5) Convenience of handling. Aero Brand 

Cyanide comes in the form of flakes, 
easily poured, easily dissolved. 

Aero Brand Cyanide contains 48 to 50 per cent 
sodium cyanide equivalent. Quotations are always 
made, however, on the basis of 100 per cent sodium 
cyanide equivalent. This should always be borne in 
mind in comparing the price of Aero Brand with 
that of other grades. (100 per cent sodium cyanide 
is equivalent to 132.85% potassium cyanide or 53% 
cyanogen.) 

Although freight and transportation costs on 
Aero Brand Cyanide are more than on higher test¬ 
ing cyanides the prices quoted on Aero Brand make 
the delivered cost of the pound of actual 100 per 
cent sodium cyanide, as a general rule, lower than 
on any other cyanide product. 

Packing and Appearance 

Aero Brand Cyanide is in the form of shiny, 
grayish-black flakes, about Vie of an inch thick 
and of irregular area from square inch to about 
% square inch. It is packed in heavy air-tight 
galvanized steel drums, holding about 200 pounds 
net, 216 pounds gross weight. 

In cases where pack-mule transportation is 
necessary drums of two sizes are provided, one 


holding 100 pounds net, 110 gross, the other 135 
pounds net, 150 gross. These drums are specially 
designed, are made of heavy galvanized iron and 
will withstand severe handling and tropical 
cimates. 

Mill Practice 

The only recommendation made for its use is 
that, if possible. Aero Brand Cyanide be dissolved 
in a tank before being added to the mill circuit, and 
while the dissolving action is taking place the ma¬ 
terial be agitated, preferably by a mechanical 
stirring device. If any quantity of the material is 
allowed to settle together, the hydration of the lime 
present may raise the temperature considerably, 
and cause local decomposition of the cyanide, form¬ 
ing ammonia gas. The method of adding a con¬ 
tinuous solution of cyanide to the mill circuit will be 
found to be of advantage in better control of the 
cyaniding operation from a milling standpoint. In 
many cases, however. Aero Brand Cyanide is added 
directly to the agitators, or tube mils, but in all 
such cases a plentiful supply of water or barren 
solution should be present to effect the proper 
dissolving action. 

Results Obtained 

Aero Brand Cyanide is being used by most of 
the cyanide consuming mines throughout the world. 
Extraction efficiencies on all classes of gold and 
silver ores and the consumption of cyanide in the 
mill circuit, have been shown by six years of con¬ 
tinuous operation to be consistently equal to the 
results obtained with an equal amount of actual 
sodium cyanide in any other form. 

The main inert ingredients in Aero Brand 
Cyanide, in addition to the 48 to 50% sodium 
cyanide equivalent are sodium chloride, calcium 
chloride, lime, and a small percentage of insoluble 
matter. The calcium chloride and the free lime 
exert a coagulating effect upon the slimes, resulting 
in more rapid separation of the solutions from the 
pulp. The remaining ingredients have no influence 
whatever upon the regular operations of the cyanide 
mill. 

Other Uses 

In addition to its extensive use for cyaniding 
gold and silver ores, thousands of tons of Aero 
Brand Cyanide are converted per annum into liquid 
hydrocyanic acid, in California, for fumigation of 
citrus fruit groves. 

We also produce Aero Brand Case-Hardening 
compounds, ready for immediate use in all kinds of 
steel-treating wherever cyanide is used, and metal 
cyanides, namely copper cyanide, zinc cyanide, and 
silver cyanide, for electro-plating. 
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THE CLEVELAND-CLIFFS IRON COMPANY. 


FLOTATION OILS, ygj 


THE CLEVELAND-CLIFFS IRON CO. 

CLEVELAND, OHIO 

Headquarters for 

Hardwood Flotation Oil 


Products 

Hardwood Flotation Oil, destructively distilled and especially prepared 
for copper, lead and silver ores. Frothing and carrying properties unexcelled. 

Specifications for our standard grades are as follows: 


No. 1 Light Oil 

Specific Gravity at 16° 

C.—1.020 to 1.036 

No. 2 Medium Oil 

Specific Gravity at 15° C.— 

■1.060 to 1.070 

Phenols Cresols 30%. 

Average weight per gallon 8.58 lbs 

Phenols Cresols 10 to 12%. 

Average weight per gallon 8.84 lbs. 

Distillation (tjrpical) 
up to—100° C. 

. 6% 

Distillation (typical) 
up to 100° C. 

... 8% 

126° C. 

.10% 

150° C. 

...20% 

175° C. 

.12% 

190° C. 

.. .22% 

190° C. 

.14% 

200° C. 

.. .23% 

200° C. 

.20% 

210° C. 

.. .28% 

210° C. 

.34% 

220° C. 

.. .38% 

220° C. 

.63% 

230° C. 

...48% 

230° C. 

.64% 

240° C. 

...58% 

240° C. 

.73% 

250° C. 

...63% 

250° C. 

.80% 

260° C. 

...68% 

260° C. 

.85% 

270° C. 

...75% 

270° C. 

.88% 

280° C. 

...78% 

280° C. 

.92% 




XX Heavy Oil 

Specific Gravity at 16° C. average 1.096 
Phenols Cresols 6% to 10%. 

Average weight per gallon 9.12 lbs. 
Distillation (typical) 

up to—140° C. 4% 

220° C. 6 to 10% 

230° C.10 to 20% 

240° C.20 to 26% 

250° C.26 to 30% 

260° C.30 to 35% 

270° C.36 to 40% 


We are equipped in our research and experimental laboratories to meet any specifications for Hard* 
wood Creosote Oils. Plants at Marquette, Gladstone and Antrim, Mich. Samples furnished free. Write 
for information to 

THE CLEVELAND-CLIFFS IRON CO. 

Kirby Bldg., Cleveland, O. 
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flotation oils. 


GENERAL NAVAL STORES CO. 


GENERAL NAVAL STORES CO. 

90 West Street 
NEW YORK 

DENVER, COLO. CINCINNATI, OHIO CHICAGO, ILL. 

1636 Nineteenth Street Union Central Building McCormick Building 



FLOTATION OILS 

Effectiye Oils of Each Class 


We offer a complete line. Oils secured in the Steam Distillation and Destructive Distillation of 
Pine Wood, Hardwoods and Coal Tar. 


Steam Distilled Pine Oil 

G.N.S, No. 6 OIL. 

This is the most widely used Flotation Oil. 
Alone, it is most effective on many silver, lead, zinc 
and graphite ores. In mixtures with other oils, 
especially Coal Tar Creosote, it is commonly used 
on copper ores. No. 5 is a Pure Steam Distilled 
Pine Oil distilled from selected old wood. The 
process used allows such close control over the 
product that this Oil is kept peculiarly uniform in 
quality and is effective in phenomenally small 
quantities. Our experience indicates we are not 
warranted in offering other grades of Steam Dis¬ 
tilled Pine Oil for Flotation work, cruder forms 
apparently carry useless diluents. . 

Hardwood Oils 

G.N.S. No. 17 OIL. 


Destructively Distilled Pine Products 

G.N.S. No. 4 D.D. PINE OIL. 

G.N.S. No. 8 PINE TAR OIL. 

G.N.S. No. 9 REFINED TAR OIL. 

G.N.S. No. 14 PINE TAR. 

When Pine Wood is distilled down to Charcoal, 
the vapors are collected into a complex crude. The 
above oils derived from this crude embody the 
distinctive qualities found in this class of oils. They 
are more generally favored on copper ores and have 
also proved effective on a variety of other ores. 

Coal Tar Creosotes 

G.N.S. No. 20 COAL TAR CREOSOTE. 

G.N.S. No. 22 COAL TAR CREOSOTE. 

G.N.S. No. 26 COAL TAR CREOSOTE. 

G.N.S. No. 26 COAL TAR CREOSOTE. 

G.N.S. No. 28 COAL TAR. 

G.N.S. No. 29 CRESYLIC ACID. 


G.N.S. No. 18 OIL. 

These Oils carry all the effective oily constitu- Oils of uniform quality that emphasize the pe- 
ents found in Northern Hardwood. In the No. 18 culiar flotation properties found in this class of 
there is a higher percentage of Hardwood Tar. product. 


SAMPLES FOR EXPERIMENTAL PURPOSES FURNISHED 


TURPENTINE 


ROSIN 
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HERCULES POWDER CO. 


FLOTATION OILS. 


HERCULES POWDER CO. 

WILMINGTON, DELAWARE 

NAVAL STORES SALES OFFICES 


Salt Lake City, Utah, 1019 Kearns Blda. New York City, 120 Broadway Chattanoogra, Tenn., 934 Volunteer Bldff. 

Chicago, Ill., 1440 l^Cormlck Bldg. San Francisco, Calif , 1002 Chronicle Bldg. 

Distributors for Canada: Canadian Ehcplosives, Ltd., Montreal Distributors for Mexico: Western Purchasing Co., El Paso, Tex. 


Steam Distilled Pine Products for Flotation 


Hercules Flotation Oils 

It has been clearly demonstrated in the testing 
laboratories, as well as in the flotation mills of this 
country, that pine oil, and in particular steam* 
distilled pine oil, is the flotation frother par excel¬ 
lence. Steam distilled pine oil is the re^lar stand¬ 
ard in terms of which the frothing quaUUes of any 
flotation oil or oil-mixture are measured, whether 
the mineral to be tested be a lead, zinc, copper or 
silver ore. 

The Hercules Powder Company’s three plants, 
situated at Brunswick, Ga., Hattiesburg, Miss., and 
Gulfport, Miss., together constitute approximately 
sixty-five percent of the total plant capacity avail¬ 
able for the production of steam-distilled pine oils. 
The manufacture of this large amount of oil is 
under the direct supervision of our Chemical De¬ 
partment working in conjunction with our Operat¬ 
ing Department. Hercules pine oils have been 
standardized into six flotation oils. The specifica¬ 
tions of these oils are given below, and all of these 
constants are guaranteed. 

Yarmor—A Steam Distilled Pine Oil 

Yarmor is the highest grade pine oil made and 
is primarily a frother, producing a profuse, rather 
fine-grained froth. It is used successfully in com¬ 
bination with the crude collecting oils on many 
types of ores, but particularly on zinc and copper. 
The favorite mixture is 15% Yarmor and 86% 
Crude Coal Tar, Hardwood Creosote or Fuel Oil. 

■PBomoATiomi 

Specific Gravity at 16* C.0.933-0.938 

Unpolymerized Residue, not over.6% 

Refractive Index at 20* C. not under.1.480 

Viscosity, Saybolt, 100* F. very close to.46.1 

Flash Point, Abel Closed Cup, not under.66* C. 

Color.Straw 

Avg. Wgt. per gallon (lbs.).7.78 

Distillation: (typical) 


6%.. 

. .189® 

G 

40%. . 

.208® 

G 

80%.. 

..214® 

G 

10%.. 

..198® 

C. 

60%.. 

. .210® 

C. 

90%.. 

..217® 

C. 

20%.. 

...204® 

C. 

60%.. 

. ..212® 

C. 

95%... 

...222® 

C. 

30%... 

...206® 

G 

70%.., 

...213® 

C. 




Remoh—A Steam Distilled Pine Oil 

Remoh is not quite as highly refiined as Yarmor. 
In many instances, however, it gives just as good 
results as the higher grade and more expensive oil. 
It is always advisable, when searching for the most 
efficient frothing oil, to test both Yarmor and 
Remoh oils. spBomoAnom 

Specific Gravity at 16* C.0.920-0.*26 

Unpolymerlzed Residue, not over.10% 

Refractive Index at 20* C. not under.1.478 

Viscosity, Saybolt 100* F., very close to.41.6 

Flash Point, Abel dosed Cup, not under. .60* C. 

Color.Straw 

Avg. Wgt. per Gallon (lbs.).7.68 

Distillation: (typical) 

6%.186* C. 40%.203* C. 80%.212* C. 

10%.190* C. 60%.206* C. 90%.216* G 

20%.198* C. 60%.208» C 96%.220* C. 


Floto—A Steam Distilled Pine Oil 

Floto is a lower grade oil than Remoh. This 
oil seems to be especially adapted to silver ores. It 
has also given very good results on many of the 
Mexican copper ores. 

spboutoatiohb 

Specific Gravity at 16* C.0.906-0.910 

Unpolymerized Residue, not over.16% 

Refractive Index at 20* C. not under.1.476 

Viscosity, Saybolt 100* F., very close to.39.0 

Flash Point, Abel Closed Cup, not under.60* C. 

Color. Dark Straw 


Avg. Wgt. per (3killon (lbs.).7.66 

Distillation: (typical) 


6%.. 

..180® 

C. 

40%.. 

...196® 

G 

80%.. 

. .210® 

C. 

10%.. 

..186® 

C. 

60%.. 

..200® 

C. 

90%.. 

..216® 

G 

20%.., 

...190® 

C. 

60%.. 

..206® 

G 

96%.. 

...220® 

G 

30%.. 

...193® 

C. 

70%.., 

...208® 

C. 





Century—A Pine Product 

Century is a specially constructed oil. It is used 
extensively on the copper ores of northern Arizona, 
as well as of northern California. 

■vaoizTOATion 

Specific Gravity at 16* C.0.937-0.942 

Unpolymerlzed Residue, not over.8% 

Refractive Index at 20* C., not under.1.60 

Viscosity, Saybolt 100* F. very close to.42.6 

Plash Point, Abel Closed Cup, not under.60* C. 

Color.Black 

Avg. Wgt per Gallon (lbs.).7.83 


itillatlon: 

(typical) 





6%.... 

.176® G 

40%.. 

..196® G 

70%. . 

...330® G 

10%.... 

.180? G 

60%.. 

..216® G 

90%.. 

..360® G 

20%.... 

.186® G 

60%.., 

...218® G 

96%.. 

...376® G 

30%.... 

.190® G 






Risor—^A Crude Steam Distilled Oil 

Risor is the crudest steam-distilled pine oil 
manufactured. It combines both collecting and 
frothing properties, but is generally used in a mix¬ 
ture Containing about 35% Risor and 65% of a 
crude collecting oil. It is applicable to the lead ores 
of southeastern Missouri, as well as to many low- 

grade copper ores. 

SPBOinoATiomi 

Specific Gravity at 16* C.0.969-0.9y 

Unpolymerlzed Residue not over.0% 

Refractive Index at 20* C. not under.1.493 

Viscosity, Saybolt 100® F. very close to.86.6 

Flash Poln^ Abel Closed Chip, not under.66® C. 

Color...Dark Brown 

Avg. Wgt per Gallon (Iba).8.00 

Distillation (typical) ^ 


6%.. 

...203® 

C. 

40%.. 

...214® 

G 

70% 

10%.. 

..206® 

C. 

60%.. 

...216® 

C. 

80% 

90% 

20%.. 

. ..210® 

C. 

60%.. 

...220® 

G 

30%.. 

...212® 

C. 





.238* a 
.260® C. 


Tarol—A Crude Pine Reagent 

Hercules Tarol has been developed because of 
the demand for a very crude pine reagent. Hercules 
Tarol has given results similar to those generally 
obtained with destructive pine tar oil. The froth 
produced is made up of large, rather tough bubbles. 
This oil is especially adapted for Chalcopyrite, 
Chalcocite and Galena. In differential flotation and 
in cases where a subdued froth is essential, this pine 
oil gives satisfactory results. 

■PBOinoAnoNe 

Specific Gravity at 15* C.0.987-0.992 

Unpolymerlzed Residue, not over.7% 

Refractive Index at 20® G, not under.1.6 

Viscosity, Saybolt 100® F. very close to.269 

Flash Point, Abel Closed Cup, not under.68® G 

Color. .Very Dark Brown 

Avg. Wgt. Per Gallon (lbs.).8.24 

Distillation (typical) ^ ^ 

6%.170® C. 40%.280® G 70%.330® C. 

10%.194® C. 60%.297® G 80%.336® C. 

20%.211® C. 60%.320® G 90%.346® C. 

30%.240® C. 


Pzioes 

During 1920 and 1921 many companies abandoned the use of 
pine oil because of the very high ^ices. Steam-distilled pine 
oil sold In 1920 for as high as $2.97 a gallon due to Its scarcity. 
Today the steam-distilled pine oils of the Hercules Powder 
Company are being offered to the trade at attractive prices 
which make their use not only possible but advisable Instead 
of creosotes or chemical reagents. Buyers should, therefore, 
investigate thoroughly Hercules Pine Oils to determine their 
extraction yields as compared with other oils and reagentfL 
It Is significant that very small quantities of pine oil are needed 
to Impart the required frothing quality to a flotation oil mix¬ 
ture. Steam-dlstllled pine oil usually constitutes not more 
than twenty-five per cent of the oil mixture, and in the majority 
of cases forms only ten per cent of the mixture. With pine oil 
consumption low and prices reasonable this Insures a very low 
cost of pine oil per ton of ore treated. Recovery is usually 
materially helped by the use of pine oil. 


Write for our booklets—A “Brief Survey of Flotation” and “Hercules Flotation Oils.” 
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CYANIDE. 


THE ROESSLER & HASSLACHER CHEMICAL COMPANY. 


The Rocsslcr & Hasslachcr Chemical Company 



709-717 Sixth Avc., NEW YORK CITY 

Works 

PERTH AMBOY, N. J. ST. ALBANS, W. VA. 

Niagara Electro Chemical Co., NIAGARA PALLS. N. Y. 

Pacific R. & H. Chemical Corp., LOS ANGELES, CAL. 

Cable Address: Jigda, New York 

Manufacturing and Importing Chemists 



Product 

SODIUM CYANIDE (Made in U. S. A.) 
History and Use 

Originally Cyanide was used principally for 
electroplating, photography and as an aid in the 
amalgamation process for the recovei^ of precious 
metal from ores. The consumption in the United 
States was not more than several hundred tons 
annually. With the introduction of the MacArthur- 
Forrest extraction process in the Transvaal in 1891, 
for the recovery of gold from tailings by the use of 
dilute cyanide solutions, now also applied to silver 
sulfide ores, the world’s consumption of Cyanide has 
increased to many thousand tons per annum. It is 
estimated that 26% of the world's production of 
gold is now extracted with cyanide. 

Early in the process the value of oxygen ab¬ 
sorbed in the cyanide solution for accelerating the 
reaction was recognized. The equations generally 
accepted are: 

aOLD 4Au + 8KCaN -f O, + 2H,0 = 4 KAu(CN), H- 4KOH 
4 Au SNaCN + 0,-1- 2H,0 = 4 Na Au(CN), + 4NaOH 
SIIiVBR 4 Ag + 8KCN + O, + 2H,0 = 4 KAg(CN), + 4KOH 
4 Ag + 8NaCN + O, + 2H,0 = 4 Na Ag(CN), + 4NaOH 

Applicability 

The Cyanide process is especially applicable to 
low-grade gold ores in which the gold occurs in a 
finely divided free or metallic state, or refractory 
ores to which the amalgamation process is not 
applicable, and to the more common, chloride and 
sub-sulfide, silver ores. 


The Roessler & Hasslacher Chemical Company 
is today the only manufacturer of Sodium Cya¬ 
nide in the United States. 

In 1890 The Company began to manufacture Po¬ 
tassium Cyanide at Perth Amboy, N. J. Potassium 
Cyanide 98-99% KCN was first made by the old 
method of fusing Potassium Ferrocyanide; later 
Cyanide with addition of Sodium was made guar¬ 
anteed to test equivalent to 98-99% KCN. 

In 1902 the manufacture of synthetic Sodium 
Cyanide by the Castner process was taken up to re¬ 
place the more expensive Potash Salts. At first a 
product of only 90% purity was obtained which 
has now been improved to the standard of 96-98% 
NaCN. 

In 1916 the old method of designating the 
Sodium Cyanide in terms of Potassium Cyanide was 
dropped, though this designation of KCN equiva¬ 
lent to 128-130% still prevails in forei^ countries. 
The present designation based on Sodium (Tyanide 
content in comparison with the old method follows: 


Old Designation 

Cyanogen 
Content 
for both 

New Designation 

Sodium (^anide.128-130% 
Cyanide-Chloride 

Mixture .98-99% 

51-52% 

39-40% 

Sodium Cyanide..95-98% 
Cyanide-Chloride 

Mixture .73-76% 


COMPARATIVE CYANIDE VALDES 
(Theoretical) 

NaCN (100%) KCN (100%) 

Cyanogen (CN) .... 63.076% Cyanogen (CiN) ... 39.963% 

Sodium (Na) .... 46.926% Potassium (K) _ 60.047% 


100 . 00 % 100 . 00 % 
1 Ib. NaCN = 114 lbs. KCN 1 lb. KCN = % lb. NaCa4 


Advantages 

Sodium Cyanide is more soluble in water than 
are the alkaline earth cyanides of barium, calcium 
and strontium; and it is also not so liable to de¬ 
composition in solution as these. It costs less than 
potassium cyanide. 

The advantages of high-grade Sodium Cyanide 
are: 

1. Labor-saving at the mines and convenience 
in handling. 

2. Increased proportion of the active constit¬ 
uent, the cyanogen, and great extractive power. 

3. Ready solubility. 

4. Absence of insoluble and inert material 
and consequent avoidance of residues, making a 
separate dissolving operation unnecessary. 

5. Minimum transportation cost, due to the 
high cyanogen content and the consequent lessened 
bulk. 

6. Freedom from alkaline sulfides. 

-Gold Medal Award, Panama-Pacific Exposition, 


The standard grades are: 

CYANEGG—Standard high grade Sodium Cya¬ 
nide 96-98% NaCN with 51-62% cyanogen content. 
This is a clean white salt, cast in the shape of eggs, 
weighing uniformly about an ounce. It is packed 
in air-tight galvanized iron drums, holding net 100 
and 200 lbs. (gross weight 110 and 220 lbs., respec¬ 
tively). Tsrpical analysis of Cyanegg: 

NaCN . 97.00% 

Na,(X), . 1.07% 

Na(»IO .36% 

NaOH . 1.68% 

~iwro6% 

(Active cyanogen (CN) content: 51.47% 

(Trace of Chlorine, not over 0.05%) 

CYANOGRAN—96-98% NaCN with 61-62% 
cyanogen content, in granular form. 

CYANIDE-CHLORIDE MIXTURE — 73-76% 
NaCN with 39-40% cyanogen content, equivalent 
to 98-100% KCN. 

San Francisco, 1915, for' SODIUM CYANIDEl-^— 


OTHER CHEMICALS and materials used in the 
cyanide process, handled by The Roessler & Hass¬ 
lacher Chemical Company are: 

Zinc Sheets, Zinc Discs and Zinc Dust—^For 
precipitation of gold and silver from 
solutions. 

SECTION XX 


Soda Caustic and Potash Caustic—^For neu¬ 
tralizing acidic ores. 

Lead Acetate—^For desulfurizing. 

Zinc Chloride 98%, free from iron—^For fire¬ 
proofing and preserving timber. 


MINING CIATAI/XJ 


Digitized by 


Google 









SECTION XXII 

Assaying and Laboratory 
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.MININCi 
kCAXUOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


^^TH^FOLLO^NC manufacturers and dealers 

ARE REPRESENTED IN THIS SECTION^ 


Becker, Christian, Inc. 
Braun-Knecht-Heimann Co. 

Mine Smelter Supply Co., The 
Thompson Balance Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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y0g ASSAYING AND LABORATORY DATA 


EQUIVALENTS OF WEIGHTS AND MEASURES* 

^BNOTB WBZOKT 


1 mile = 6,280 feet = 1609.31 meters. 

1 foot = 12 inches = 0.30479 meter. 

1 inch = 26.3995 millimeters. 

1 kilometer = 1,000 meters = 0.62138 mile = 3,281 feet. 

1 meter = 100 centimeters = 3.280899 feet = 39.370791 inches. 
1 centimeter = 10 millimeters = 0.393708 inch. 

1 millimeter = 0.039371. 


BUBFAOB 


1 square yard = 9 square feet = 0.83610 square meter. 

1 square foot = 144 square inches = 9.2900 square decimeters 
= 929.00 square centimeters. 

1 square inch = 6.4614 square centimeters. 

1 square meter = 100 square decimeters = 10764 square feet. 

1 square decimeter = 100 square centimeters = 0.10764 square 
foot = 16.501 square inches. 

1 square centimeter = 100 square millimeters = 0.15501 square 
inch. 

1 square millimeter = 0.00155 square inch. 


▼OBUMB 


1 cubic yard = 27 cubic feet = 0.76451 cubic meter = 201.97 
gallons. 

1 cubic foot = 1728 cubic inches = 0.28316 cubic meter = 
7.4805 gallons = 28.3153 liters = 29.922 quarts. 

1 cubic inch = 0.017316 quart = 16.386 cubic centimeters. 

1 gallon = 4 quarts = 0.13368 cubic foot =: 231.0000 cubic 
Inches = 3.7852 liters. 

1 quart = 2 pints = 57.75 cubic inches = 0.94630 liters =: 
0946.30 cubic centimeters. 

1 cubic meter = 1,000 liters = 1.3080 cubic yards = 35.317 
cubic feet = 264.19 gallons. 

1 liter, or 1 cubic decimeter = 1,000 cubic centimeters = 
0.035317 cubic foot = 61.027 cubic inches = 0.26419 gal¬ 
lons = 1.0567 quarts. 

1 cubic centimeter = 0.061027 cubic inch. 


1 ton = 2,000 pounds avoirdupois = 907.18 kilos. This is the 
ton used throughout this book unless otherwise specified. 

1 long ton = 2,240 pounds avoirdupois = 1016.05 kilos. 

1 metric ton = 1,000 kilos = 2204.62 pounds avoirdupois = 
1.1023 tons = 0.98421 long ton. 

1 pound avoirdupois = 16 ounces avoirdupois = 0.45359 kilo = 
7,000 grains = 1.2153 pounds troy. 

1 pound troy = 6760 grains = 0.82286 pound avoirdupois = 12 
ounces troy = 0.37324 kilo. 

1 ounce avoirdupois = 437.50 grains = 28.3495 grams = 
0.91146 ounce troy. 

1 ounce troy = 480 grains = 20 pennyweights = 31.1036 
grams = 1.0971 ounces avoirdupois. The troy ounce 
and pound are used only for gold and silver and other 
precious metals. 

1 grain = 64.799 milligrams. 

1 kilo or kilogram = 1000 grams = 2.2046 pounds avoirdupois. 

1 gram = 0.035274 ounce avoirdupois = 0.032151 ounce troy = 
15.43235 grains = 1,000 milligrams. 

1 milligram = 0.015432 grains. 

MZSCBIiBABBOUB MVBTIPBIBM 

Avoirdupois oz. per min. X 0.0460 = Tons per day. 

Troy oz. per min. X 0.04937 = Tons per day. 

Grams per m.n. X 0.00169 = Tons per day. 

Tons per day X 630. = Grams per min. 

Tons per day X 1.39 = Pounds Av. per min. 

Troy oz. per ton X 0.00343 = % per ton. 

% per ton x 292. = Troy oz. per ton. 

Avoirdupois ounces X 0.9114 = Troy oz. 

Troy ounces X 1.0971 = Avoirdupois oz. 

Grams X 0.0321 = Troy oz. 

Grams X 0.0353 = Avoirdupois oz. 

Millimeters X 0.04 = inches. 

Inches X 25. = millimeters. 

1 Gram per Metric ton = 62c in gold. 

1 Gram per Metric ton = 1.66 cents In silver (at 60c). 

1 Dwt. of gold = $1.00. 

1 Pound Avoirdupois = 453.60 grams. 


•C. Herring. Table of Equivalents of Units of Measure¬ 
ment. From Metallurgical Bulletin General Engineering Co. 


TEMPERATURE CONVERSION TABLES 

By Albert Sauvenr 


— 459.4 1« 0 I 0 to 100 100 to 1000 1000 to 2000 , 2000 to 3000 


c . 

H . 

0 . 


F . 

C . 


F . 

C . 


F . 

C . 


F 

C . 


F . 

r . 


F 

C . 


F . 

C . 


F . 

—273 -^59 

4 

— 17.8 

0 

32 

10.0 

50 

122.0 

38 

100 

212 

260 

500 

932 

538 

1000 

1832 

816 

1500 

2732 

1093 

2000 

3632 

1371 

2500 

4532 

—268 —-450 


— 17.2 

1 

33.8 

10.6 

51 

123.8 

43 

110 

230 

266 

510 

950 

543 

1010 

1850 

821 

1510 

2750 

1099 

2010 

3650 

1377 

2510 

4550 

—262 —440 


— 16.7 

2 

35.6 

11.1 

52 

125.6 

49 

120 

248 

271 

520 

968 

549 

1020 

1868 

827 

1520 

2768 

1104 

2020 

3668 

1382 

2520 

4568 

—257 -^30 


— 16.1 

3 

37.4 

11.7 

53 

127.4 

54 

130 

266 

277 

530 

986 

554 

1030 

1886 

832 

1530 

2786 

1110 

2030 

3686 

1388 

2530 

4586 

—251 —420 


— 15.6 

4 

39.2 

12.2 

54 

129.2 

60 

140 

284 

282 

540 

1004 

560 

1040 

1904 

838 

1540 

2804 

1116 

2040 

3704 

1393 

2540 

4604 

—246 —410 


— 15.0 

5 

41.0 

12.8 

55 

131.0 

66 

150 

302 

288 

550 

1022 

566 

1050 

1922 

843 

1550 

2822 

1121 

2050 

3722 

1399 

2550 

4622 

—240 —400 


— 14.4 

6 

42.8 

13.3 

56 

132.8 

71 

160 

320 

293 

560 

1040 

571 

1060 

1940 

849 

1560 

2840 

1127 

2060 

3740 

1404 

2560 

4640 

—234 —390 


— 13.3 

8 

46.4 

14.4 

58 

136.4 

77 

170 

338 

299 

570 

1058 

577 

1070 

1958 

854 

1570 

2858 

1132 

2070 

3758 

1410 

2570 

4658 

—229 —380 


— 13.9 

7 

44.6 

13.9 

57 

134.6 

82 

180 

356 

304 

5 S 0 

1076 

582 

1080 

1976 

860 

1580 

2876 

1138 

2oeo 

3776 

1416 

2580 

4676 

—223 —370 


— 12.8 

9 

48.2 

15.0 

59 

138.2 

88 

190 

374 

310 

590 

1094 

588 

1090 

1994 

866 

1590 

2894 

1143 

2090 

3794 

1421 

2590 

4694 

—218 —360 


— 12.2 

10 

50.0 

15.6 

60 

140.0 

93 

200 

392 

316 

600 

1112 

503 

1100 

2012 

871 

1600 

2912 

1149 

2100 

3812 

1427 

2600 

4712 

—212 —350 


— 11.7 

11 

51.8 

16.1 

61 

141.8 

99 

210 

410 

321 

610 

1130 

599 

1110 

2030 

877 

1610 

2930 

1154 

2110 

3830 

1432 

2610 

4730 

—207 —340 


— 11.1 

12 

53.6 

16.7 

62 

143.6 

100 

212 

413 

327 

620 

1148 

604 

1120 

2048 

882 

1620 

2948 

1160 

2120 

3848 

1438 

2620 

4748 

—201 —330 


— 10.6 

13 

55.4 

17.2 

63 

145.4 

104 

220 

428 

332 

630 

1166 

610 

1130 

2066 

888 

1630 

2966 

1166 

2130 

3866 

1443 

2630 

4766 

—106 —320 


— 10.0 

14 

57.2 

17.8 

64 

147.2 

no 

230 

446 

338 

640 

1184 

616 

1140 

2084 

893 

1640 

2984 

1171 

2140 

3884 

1449 

2640 

4 784 

—190 —310 


— 9.44 

15 

59.0 

18.3 

65 

149.0 

116 

240 

464 

343 

650 

1202 

621 

1150 

2102 

899 

1650 

3002 

1177 

2150 

3902 

1454 

2650 

4802 

—184 —300 


— 8.89 

16 

61.8 

18.9 

66 

150.8 

121 

250 

482 

349 

660 

1220 

627 

1160 

2120 

904 

1660 

3020 

1182 

2160 

3920 

1460 

2660 

4820 

—179 —290 


— 8.33 

17 

63.6 

19.4 

67 

152.6 

127 

260 

500 

354 

670 

1238 

632 

1170 

2138 

910 

1670 

3038 

1188 

2170 

3938 

1466 

2670 

4838 

—173 - 280 


— 7.78 

18 

65.4 

20.0 

68 

154.4 

132 

270 

518 

360 

680 

1256 

638 

1180 

2156 

916 

1680 

3056 

1193 

2180 

3 P 56 

1471 

2680 

4856 

—169 —273 

— 459.4 

— 7.22 

19 

67.2 

20.6 

69 

156.2 

138 

280 

536 

366 

690 

1274 

643 

1190 

2174 

921 

1690 

3074 

1199 

2190 

3974 

1477 

2690 

4874 

—168 —270 

—454 

— 6.67 

20 

68.0 

21.1 

70 

158.0 

143 

290 

554 

371 

700 

1292 

649 

1200 

2192 

927 

1700 

3092 

12 (M 

2200 

3992 

1482 

2700 

4892 

—162 —260 

—436 

— 6.11 

21 

69.8 

21.7 

71 

159.8 

149 

300 

572 

377 

710 

1310 

654 

1210 

2210 

932 

1710 

3110 

1210 

2210 

4010 

1488 

2710 

4910 

—157 —250 

— 418 

— 5.56 

22 

71.6 

22.2 

72 

161.6 

154 

310 

590 

382 

720 

1328 , 

660 

1220 

2228 

938 

1720 

3128 

1216 

2220 

4028 

1493 

2720 

4928 

—151 ^240 

—400 

— 5.00 

23 

73.4 

22.8 

73 

163.4 

160 

320 

608 

388 

730 

1346 

666 

1230 

2246 

943 

1730 

3146 

1221 

2230 

4046 

1499 

2730 

4946 

—146 —230 

— 382 

— 4.44 

24 

75.2 

23.3 

74 

165.2 

166 

330 

626 

393 

740 

1364 

671 

1240 

2264 

949 

1740 

3164 

1227 

2240 

4064 

1504 

2740 

4964 

—140 - 220 

—364 

— 3.89 

25 

77.0 

23.9 

75 

167.0 1 

171 

340 

644 

399 

750 

1382 

677 

1250 

2282 

954 

1750 

3182 

1232 

2250 

4082 

1510 

2750 

4982 

—134 - 210 

— 346 

— 3.33 

26 

78.8 

24.4 

76 

168.8 

1 177 

350 

662 

404 

760 

1400 ' 

682 

1260 

2300 

960 

1760 

3200 

1238 

2260 

4100 

1516 

2760 

5000 

—129 - 200 

—328 

— 2.78 

27 

80.6 

25.0 

77 

170.6 1 

1 182 

360 

680 

410 

770 

1418 ! 

688 

1270 

2318 

966 

1770 

3218 

1243 

2270 

4118 

1521 

2770 

5018 

—123 - 190 

—310 

_ 2.22 

28 

82.4 

25.6 

78 

172.4 1 

' 188 

370 

698 

416 

780 

1436 

693 

1280 

2336 

971 

1780 

3236 

1249 

2280 

4136 

1527 

2780 

5036 

—118 —180 

—292 

— Tn: 

29 

84.2 

26.1 

79 

174.2 ' 

! 193 

380 

716 

421 

790 

1454 

699 

1290 

2354 

977 

1790 

3254 

1254 

2290 

4154 

1532 

2790 

5054 

—112 —170 

—274 

— 1.11 

30 

86.0 

26.7 

80 

176.0 1 

1 199 

390 

734 

427 

800 

1472 1 

704 

1300 

2372 

982 

1800 

3272 1 

1260 

2300 

4172 

1538 

2800 

5072 

—107 —160 

—256 

- - 0.56 

31 

87.8 

27.2 

81 

177.8 1 

204 

400 

752 

432 

810 

1490 ! 

710 

1310 

2390 

988 

1810 

3290 1 

1266 

2310 

4190 

1543 

2810 

5090 

—101 —150 

—238 

0 

32 

89.6 

27.8 

82 

179.6 1 

1 210 

410 

770 

438 

820 

1508 

716 

1320 

2408 

993 

1820 

3308 1 

1271 

2320 

4208 

1549 

2820 

5108 

— 95 . 6—140 

—220 

0.56 

33 

91.4 

28.3 

83 

181.4 

216 

420 

788 

4 43 

830 

1526 1 

721 

1330 

2426 

999 

1830 

3326 

1277 

2330 

4226 

1554 

2830 

5126 

— 90 . 0—130 

—202 

1.11 

34 

93.2 

28.9 

84 

183.2 1 

221 

430 

806 

449 

840 

154 4 ' 

727 

1340 

2444 

1004 

1840 

3344 ' 

1282 

2340 

4244 

1560 

2840 

5144 

— 84 . 4—120 

—184 

1.67 

35 

95.0 

29.4 

85 

185.0 1 

227 

440 

824 

454 

850 

1562 ' 

732 

1350 

2462 

1010 

1850 

3362 1 

1288 

2350 

4262 

1566 

2850 

5162 

— 78 . 9—110 

— 166 

2.22 

36 

96.8 

30.0 

86 

186.8 1 

232 

450 

812 

460 

860 

1580 1 

738 

1360 

2480 

1016 

1860 

3380 

1293 

2360 

4280 

1571 

2860 

5180 

— 73 . 3—100 

— 148 

2.78 

37 

98.6 

30.6 

87 

188.6 1 

238 

460 

860 

466 

870 

1598 

74.3 

1370 

2498 

1021 

1870 

3398 1 

1299 

2370 

4298 

1577 

2870 

5198 

— 67 . 8 — 90 

—130 

3.33 

38 

100.4 

31 .1 

88 

190.4 

243 

470 

878 

471 

880 

1616 ' 

719 

1380 

2516 

1027 

1880 

3416 

1304 

2380 

4316 

1582 

2880 

5216 

— 62 . 2 -- 80 

— 112 

3.89 

39 

102.2 

31.7 

89 

192.2 

249 

480 

896 

477 

890 

1634 ! 

754 

1390 

2534 

1032 

1890 

3434 

1 1310 

2390 

4334 

1588 

2890 

5234 

— 56.7 - 70 

— 94 

4.44 

*40 

101.0 

32.2 

90 

194.0 1 

254 

490 

91 1 

482 

900 

1652 ' 

760 

1400 

2552 

1038 

1900 

3452 

1316 

2400 

4352 

1593 

2900 

5252 

— 51 . 1 - - 60 

— 76 

5.00 

41 

105.8 

32.8 

91 

195 8 1 




4 88 

910 

16 70 ' 

Tor. 

1410 

2570 

1043 

1910 

3470 

1321 

2410 

4370 

1599 

2910 

5270 

— 45 . 6 — 50 

-- 5.8 

5 . .56 

42 

107.6 

33.3 

92 

197.6 




493 

920 

1688 ’ 

771 

1420 

2588 

1049 

1920 

3488 

1327 

2420 

4388 

1604 

2920 

5288 

— 40 . 0 — 40 

— 40 1 

' 6.11 

43 

109.4 

33.9 

93 

199.4 




499 

930 

1706 

7 7 7 

1430 

2606 

1054 

1930 

3506 1 

1 1332 

2430 

4406 

1610 

2930 

5306 

— 34 . 4 — 30 

* - 22 1 

6.67 

44 . 

111.2 

34.4 

94 

201.2 




504 

940 

1 724 ] 

782 

1440 

2624 

1060 

1940 

3524 

1338 

2440 

4424 

1616 

2940 

5824 

— 2 . 8.9 - 20 

”4 

7.22 

45 

113.0 

35 0 

95 

203.0 




510 

950 

174 2 1 

788 

1450 

2642 

1066 

1950 

3542 

‘ 1343 

2450 

4442 

1621 

2950 

5342 

— 23.3 10 

1 1 

' 7.78 

46 . 

114.8 

35.6 

96 

204.8 1 

I 



516 

960 

1760 

793 

1460 

2660 

1071 

1960 

3560 

! 1349 

2460 

4460 

1627 

2960 

5360 

— 17.8 0 

32 1 

1 H. 

47 

116.6 

:!6 . 1 

97 

206.6 1 

1 



521 

970 

1778 

793 

1470 

2678 

1077 

1970 

3578 

1354 

2470 

4478 

1632 

2970 

5378 



8 89 

48 

118.4 

36.7 

98 

208 ,4 ' 




527 

980 

1 796 

804 

1480 

2696 

1082 

1980 

3596 

1 1360 

2480 

4496 

1638 

2980 

5396 



1 9 4 4 

49 

120.2 

3 7.2 

99 

210.2 1 

1 



532 

990 

1814 

810 

1490 

2714 

1088 

1990 

3614 

' 1366 

2490 

4514 

1643 

2990 

5414 






37.8 

100 

212.0 ' 




538 

1000 

18.32 




1093 

2000 

3632 1 

1 



1649 

3000 

5432 


NOTE!—The numbers In bold face type refer to the temperature either in degrees Centigrade 
or Fahrenheit which it is desired to convert into the other scale If converting from Fahrenheit 
degrees to Centigrade degrees the equivalent temperature will be found in the left coumn, while 
if converting from degrees Centigrade to degrees Fahrenheit, the answer will be found in the 
column on the right. These tables are a revision of those by Sau\ eur & Boylston, metallurgi¬ 
cal engineers, Cambridge. Mass. Copyright, 1920. 
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C . 



C . 


F . 

0.56 

1 

1.8 ' 

3.33 

6 

10.8 

1.11 

2 

3.6 1 

3.89 

7 

12.6 

1.67 

2 

5.4 

4.44 

8 

14.4 

2.22 

4 

7.2 ! 

5.00 

9 

16.2 

2.78 

5 

9.0 

5.56 

10 

18.0 
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ASSAYING AND LABORATORY DATA, 




ASSAY TON WEIGHTS 


AMAT COVTBB8ZOH TABU 


The Assay Ton Weights is a system made up from a com¬ 
parison of the Avoirdupois, Troy and Gram Weights, and will 
be found extremely simple and useful, saving a vast amount of 
calculation and labor. 

The Unit of the System is the Assay Ton (A. T.) = 29.166 
grams. Its derivation will be seen at a glance. 

1 lb. Avoirdupois = 7,000 Troy grains. 

2,000 lbs. = 1 ton. 

2,000 X 7,000 = 14,000,000 Troy grains. In one ton Avoir¬ 
dupois. 

480 Troy grains = 1 os. Troy. 

14,000,000 480 = 29,166 Troy oss. In 2,000 lbs. Avoirdupois. 

There are 29,166 milligrams In one assay ton (A. T.); 
hence 

2,000 lbs, is to 1 A. T., as 1 os. Troy is to 1 milligram. 
Therefore, if 1 A. T. of ore assays 1 milligram of gold or 
silver, the ton contains 1 ounce Troy. 



Per Cent 

Grams 

per 

Metric Ton 
(1000 kilos.) 

Oz. Troy 
per 

Long Ton 
(2240 lbs.) 

Os. Troy 
per 

Metric Ton 
(2204.6 lb.) 

Os. Troy 
per 

Short Ton 
(2000 lb.) 

1 per cent. 

1.0000 

10 ,000.00 

326.666 

821.50700 

291.666 

1 gram per met¬ 
ric ton . 

0.0001 

1.00 

0.03266 

0.03215 

0.02916 

1 os. Troy per 
long ton. 

0.0030 

30.6120 

1.00 

0.9842 

0.89280 

1 os. Troy per 
metric ton .... 

0.0031 

31.10348 

1.016 

1.0 , 

0.9071 

1 os. Troy per 
short ton .... 

0.0034 

34.28500^ 

1.120 

1.102 

1.00 

1 dollar per short 
ton (gold at 
$20.67 per os.. 

0.00016 

1.66000 

0.054 

0.058 

0.04s 


PmZBOZPAB BCOVOMZC MZMBmABB* 



Specific I 
1 Gravity 

1 1 

Hard¬ 

ness 

COMPOSITION 

Mineral 

Formula 

1 

1 

Per Cent. 


Stlbnite . 

Copper 

Atacamite-—(Oxychloride) . 

Asurite—(Blue Carbonate) .1 

Bomite—(Variegated, Peacock) . 

Brochantite—(Basic Sulphate) . 

Chalcolite—(Glance) . 

Chalcopyrite—(Copper Pyrites) . 

Chrysocolla—(Silicate) . 

Covellite—I Indigo) . 

Cuprite—(Red Oxide, Ruby) . 

Enargite—( Sul ph-Arsenate) . 

Malachite—(Green Carbonate) . 

Melaconite—(Black Oxide) . 

Tetrahedrite—(Gray Copper) . 

Iron 

TTpiTiAtite—(Iron Oxide) . 

4.55 

3.76 
3.78 

1 5.15 

1 3.9 

5.65 
4.2 

2.1 

4.6 

6.0 

4.45 

4.0 

6.96 

4.76 

6.1 

2 

3-3.5 

3.6- 4.5 

1 3 

8.6- 4 

2.6- 8 

8.6- 4 

2— 4 

1.6- 2 
3.6-4 

3 

3.6-4 

8 

3- 4.6 

5.6- 6.5 

Sb S8 

CuCl* 3Cu(OH)* 

2 CuCO» Cu(OH)2 

1 2Cu5PeS4,(orCu8PeS8) 

CUS04 3(iu(OH)* 

Cua S 

Cu Fe S* 

Cu S108 2H20 

ChiS 

Cu20 

<^8 As S4 

CuCOS Cu(OH)2 

CuO 

4 Cu2S Sb (As, Fe, Pb, Zn, Ag) S* 

Fe2 08 

Llmonite—(Brown Hematite, Bog Ore) 

Magrnetite—(Magnetic Oxide) . 

Arsenopyrite—(Mispickel) . 

Marcasite—(White Pyrites) . 

Pyrite—(Pyrites) . 

Pyrrhotite—(Magnetic Pyrites) . 

Siderlte—(Spathic Iron) . 

Bead 

Angles!te—(Sulphate) . 

Cerrussite—(Carbonate) . 

Galena—(Sulphide) . 

Pyroluslte—(Dioxide) . 

Psllomelnne . 

3.6-4.0 

6.17 

6.06 

4.9 

6.1 

4.66 

8.85 

6.2 

6.36 

7.46 

4.82 

6-6.5 

6.6-6.5 

6.6-6 

6-6.6 

3.5-4.6 

3-4.6 

2.76-3 

3-3.6 

2.5 

2-2.6 

2 Fe208 3H*0 

Pe8 04 

Fe As S 

Fe S2 

TToll Ql* 

Fe C08 (Mn, Ca, Mg) 

Pb S04 

Pb C08 

Pb S 

Mn 02 

Rhodonite—(Silicate) . 

Rhodochrosit*' —(PnrKntintA) . 

3.6 

3.5 

1 . 

Mn Si 02 

Mn C08 

Mn2 08 H20 

Manganite ... j 

4.3 


Meronry 

1 

1 

1 

Cinnabar — (Sulphide) . 

8.1 

2-2.5 

Hg S 

Xoiybdemun 



Molybdenite — (Sulphide) . 

4.76 

1-1.6 1 

MoS2 

Wulfenlte — (Lead Molybdate) . 

6.85 

3 

Pb Mo04 

Silver 


2-2.5 * 


Argentlte — (Glance) . 

Cerargyrite — (Horn Silver) . 

7.3 

5.55 

1.6-2 

Ag2S 

AgCl 

Proustite — (Light Red. Ruby Silver).. 
Pyrargyrlte — (Ruby Silver) . 

5.6 

2.5 

Ag8As S2 

5.8 

2-2.6 

Ags Sb S8 

Stephanlte — (Sulph-Antimonite) . 

6.2 

2-2.6 

Ag6 Sb S4 

Sylvanlte—(Tellurlde) . 

8.1 

1 . 

Au Ag Te2 

Sn 02 

Tin 

C^lassiterite — (Tinstone) . 

Tnagsten 

Wolframite . 

6.95 

6-7 ' 

7.36 

6-6.5 ’ 

(Fe, Mn) W04 

Hubnerite . 

7.35 

4.5 

Mn W04 

Scheelite . 

6.0 

4.6-6 

C:a W04 

BIno 


4.6-6 * 


Calamine—(Hydrous Silicate) . 

3.45 


2 ZnO Sioa+Hao 

Marmatite—(Iron Blende) . 

3.9-4.2 

5 

(Zn Fe) S 

SmithsonIte—(Carbonate) . 

4.35 

5 

Zn C08 

Sphalerite—(Blende, Jack) . 

4.0 

3.6-4 

Zn S 

Wlllemlte—(Silicate) . 

1 

5.5 

2 ZnO, SI02 

Zincite—(Oxide) . 

5.6 

4-4.6 

ZnO 

Graphite—(Black Lead) . 

' 2.16 


C 

Gaagne 

2.95 

3-3.6 


Anhydrite—(Anhydrous Sulphate) ... 

C:a S04 

Barite—(Baryta, Heavy Spar) . 

Calcite—(Spar, “Lime,^’ Limestone)... 

4.6 

2.6-3.6 

Ba S04 

2.72 

3 

Ca C08 

Dolomite—(Magnesium Limestone) ... 

2.85 

3.6-4 

Ca Mg (C 08)2 

Gypsum—(Hydrous Sulphate) . 

2.32 

1.6-2 

Ca S04 2H20 

Bfognesite—(Carbonate) . 

3.1 

3-4.6 

Mg C08 

Quartz—(Silica) . 

Various Common Gangue Silicates.... 

2.65 

2.6-3.6 

1 

7 

Si02 


Sb-71.4, 

S-28.6 

Cu-69.6, 

Cl-16.6, OH-23.9 

Cu-55.3, 

0-13.9, C02-26.6, H20-6.8 

Cu-63.3, 

Fe-11.1, S-26.6 

Cu-66.2, 

804-26.0, OH-8.8 

Cu-79.9, 

S-20.1 

Cu-34.6, 

Fe-30.4, S-36.0 

Cu-36.1, 

Si02.34.8, 0-9.1,'H2O-20.5 

Cu-66.6, 

S-33.6 

Cu-88.8, 

0 -11.2 

Cu-48.4. 

As-19.0, S-32.6 

Cu-67.6, 

0-14.6, C02-19.9, H20-8.1 

Cu-79.9, 

0 -20.1 

Cu-62.2, 

Sb-24.7r S-23.1 

Fe-69.9, 

0-30.1 

Pe-69.8, 

0-26.7, H20-14.6 

Pe-72.4, 

0-27.6 

Pe-43.7, 

As-31.2, S-26.1 

Fe-46.36 

, S-53.46 

Fe-61.6, 

S-38.6 

Pb-68.8, 

S-10.6, 0-21.1 

Pb-77.6, 

0-6.0, C02-16.6 

Pb-86.6, 

S-13.4 

Mn-63.2, 

0-36.8 

Mn-47.7, 

Si62-52.8 

MnO-61. 

7, C02-38.3 

Mn-62.5, 

0-27.3, H2O-10.2 

Hg-86.2, 

S-13.8 

Mo-69.96. S-40.06 

Pb-66.4. 

Mo-26,2, 0-17.4 

Ag-87.1. 

S-12.9 

Ag-76.3. 

Cl-24.7 

Ag.66.4, 

As-16.2, S-19.4 

Ag-69.9, 

Sb-22.3, S-17.8 

Ag-68.6, 

Sb-15.8, S-16.3 

Sn-78.8, 

0 -21.2 

(Fe-Mn)-30.9, W-61.3. 0-17.8 

Mn-18.1, 

W-60.7, 0-21.1 

CaO-19.£ 

;, W-63.9, 0-16.7 

Zn-64.2, 

SiO*-38.3, H20-7.6 

Zn=fc42.1 

', Fe=fc36.4, S-20.9 

Zn-62.1, 

C-9.6, 0-38.3 

Zn-67.I. 

S-32.9 

Zn-68.6. 

SI02-41.4 

Zn-80.3, 

0-19.7 


CaO-41.2, S08-58-8 
BaO-66.7, S08-34.3 
CaO-56.0, CO2-44.0 
CaO-30.42, MgO-21.9. CO»-47.7 
CaO-32.6, S08-46.6. H2O-20.9 
MgO-47.8. C02-52.2 
Si-46.9, 0-63.1 
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ASSAYING AND LABORATORY DATA, 


FOREIGN COINS* 


INTERNATIONAL ATOMIC WEIGHTS* 


▼AXiVBS ZW TOZTBD STATES OUmBBOT 

(Authorized by the Secretary of the Treasury of the United 
States, October 1, 1920) 

All money in gold unless marked: (s) silver standard, or 
(gs) gold and silver standard. 



-1 

Coin 

Value 


Standard 

U. S. Gold 

Country 

Monetary 

Dollars 


Unit 

1920 


North America 

Canada . 

Cuba . 

Haiti . 

Santa Domingo .. 
New Foundland .. 
Mexico . 


Dollar 

Peso 

Gourde 

Dollar 

Dollar 

Peso 


$ 1.0000 

1.0000 

0.2500 

1.0000 

1.0000 

0.4986 


Central America 

Costa Rica . 

Guatemala .".. 

Honduras . 

British Honduras . 

Nicaragua . 

Salvador . 

Panama . 


Colon 
Peso [s] 
Peso [s] 
Dollar 
Cordoba 
Colon [s] 
Balboa 


South America 

Argentina . 

Bolivia . 

Brazil .. 

Chile . 

Columbia . 

Bcuador ..... 

Paraguay . 

Peru .. 

Uruguay . 

Venezuela . 


Peso 

Boliviano 

Mllreis 

Peso 

Dollar 

Sucre 

Peso 

Libra 

Peso 

Bolivar 


0.4653 

0.6864 

0.6864 

1.0000 

1.0000 

0.5000 

1.0000 


0.9648 

0.3893 

0.5462 

0.3650 

0.9733 

0.4867 

0.9648 

4.8665 

1.0342 

0.1930 


Europe 

Austria ... 

Belgium . 

tCzecho-Slovakia . 

Denmark .. 

Finland . 

France ... 

Germany . 

Great Britain . 

(Including British Colonies 
in Australia and Africa) 
Greece 

Netherland [iioiland] 

Italy . 

tJugo-Slavla . 

Norway ... 

tPoland ... 

Portugal ..... 

Roumania . 

Russia . 

Serbia . 

Spain . 

Sweden .. 

Switzerland .. 

Turkey .. 


Africa 


Egypt . 

Liberia . 

British Colonies 


Asia 

India _ 

Indo-CHilna 
Japan .... 
Persia ... 


Phillipines . 

Slam . 

Straits Settlements 


China 


Krone 
Franc[gs] 
•Crown 
Krone 
Markka 
Franc [gs] 

Mark 

Pound Sterling 


0.2026 

0.1930 

•0.203 

0.2680 

0.1930 

0.1930 

0.2382 

4.8665 


Drachma [gs] 
Guilder [Florin] 
Lira [gs] 
•Crown 
Krone 
•Mark 


Escudo 1 

1.0806 

Leu 

0.1930 

Ruble 

0.5146 

Dinar 1 

0.1930 

Peseta [gs] 

0.1930 

Krona 

0.2680 

Franc 

0.1930 

Piaster 

0.0440 

Pound 

4.9431 

Dollar 

1.0000 

Pound Sterling 

4.8665 

Rupee 

0.3244 

Piaster [s] 

0.7413 

Yen 

0.4985 

Achrefl [g] 

0.0959 

Kran [s] 

0.1264 

Peso 

0.50000 

Tical 

0.3709 

Dollar 

0.6678 

Tael [s] 

1.0278 

Tael [s] 1 

to 1.1449 

Dollar [s] 

1 0.7374 

Dollar [s] 

to 0.7455 


0.1930 

0.4020 

0.1930 

•0.203 

0.2680 

•0.238 


•From Metallurgical Bulletin of General Engineering Co. 
tValues obtained from other sources than U. S. Treasury. 
(Note—Chinese money varies in value between various 
ports.) 



Symbol 

Atomic 

weight. 


Symbol 

Atomic 

weight 

Aluminum . . 

. .A1 

27.1 

Mercury . 

..Hg 

200.6 

Antimony 

..Sb 

120.2 

Molybdenum . 

..Mo 

96.0 

Argon . 

... .A 

39.88 

Neodymium ... 

..Nd 

144.8 

Arsenic . 

. .As 

74.96 

Neon . 

..Ne 

20.2 

Barium . 

. .Ba 

137.37 

Nickel . 

...Nl 

68.68 

Bismuth .... 

. ..Bl 

208.0 

Nitrogen . 

...N 

14.01 

Boron . 

.. .B 

11.0 

Osmium . 

..Os 

190.9 

Bromide .... 

. .Br 

79.92 

Oxygen . 

...O 

16.00 

Cadmium . .. 

...Cd 

112.40 

Palladium ... 

..Pd 

106.7 

Caesium .... 

..Cs 

132.81 

Phosphorus .. 

...P 

31.04 

Clalclum . 

..c:a 

40.07 

Platinum .... 

...Pt 

195.2 

Carbon . 

...C 

12.006 

Potassium .... 

...K 

39.10 

Cerium . 

. .Ce 

140.25 

Praseodymium 

..Pr 

140.9 

Chlorine .... 

...Cl 

35.46 

Radium . 

..Ra 

226.0 

Chromium .. 

..Cr 

52.0 

Rhodium . 

..Rh 

102.9 

Cobalt . 

. ..Co 

68.97 

Rubidium .... 

..Rb 

86.46 

Columbium . 

..Cb 

93.1 

Ruthenium ... 

..Ru 

101.7 

Copper . 

. .Cu 

63.57 

Samarium ... 

...Sa 

160.4 

Dysporosium 

. .Dy 

162.6 

Scandium .... 

.. .Sc 

44.1 

Erbium . 

. .Er 

167.7 

Selenium ..... 

.. .Se 

79.2 

Europium ... 

. .Eu 

152.0 

Silicon . 

...Si 

28.8 

Fluorine . 

...F 

19.0 

Silver . 

. .Ag 

107.88 

Gadolinium .. 

..Gd 

167.3 

Sodium . 

. .Na 

28.00 

Gallium . 

. .Ga 

69.9 

Strontium ... 

...Sr 

87.68 

Germanium . 

...Ge 

72.6 

Sulphur . 

-S 

32.06 

Glucinum . .. 

. ..Gl 

•9.1 

Tantalum .... 

...Ta 

181.6 

Gold . 

.. Au 

;97.2 

Tellurium .... 

...Te 

127.6 

Helium . 

. .He 

4.00 

Terbium . 

..Tb 

169.2 

Holmium . ... 

. .Ho 

163.5 

Thallium . 

...Tl 

204.0 

Hydrogen . .. 

...H 

1.008 

Thorium . 

..Th 

282.4 

Indium . 

.. .In 

114.8 

Thulium . 

. .Tm 

168.6 

Iodine . 

...I 

126.92 

Tin . 

..Sn 

118.7 

Iridium . 

.. .Ir- 

193.1 

Titanium . 

...Tl 

48.1 

Iron . 

. .Fe 

55.84 

Tungsten .... 

. ..W 

184.0 

Krypton . 

. .Kr 

82.92 

Uranium . 

...U 

288.2 

Lanthanum .. 

..La 

139.0 

Vanadium .... 

...V 

61.0 

Lead . 

..Pb 

207.20 

Xeno . 

..Xe 

180.2 

Lithium . . . ., 

...Li 

6.94 

Ytterbium .... 

..Yb 

173.6 

Lutecium .... 

..Lu 

176.0 

Yttrium . 

...Yt 

88.7 

Mangranese .. 

. .Mn 

54.93 

Zinc . 

..Zn 

65.87 

Magne.sium . . 

•Mg 

24.32 

Zirconium .... 

. ..Zr 

90.6 


*U. S. Bureau of Mines Bull. 95. 
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^Non-metals-^ 

Fluorine 

Oxygen 

Chlorine 

Bromine 

Iodine 

Sulphur 

Phosphorus 

Selenium 

Iron Oxides 

Nitrogen 

Boron 

Carbon 

Silicon 


Osmium 

Rhodium 

Iridium 

Gold 

Platinum 

Palladium 

Silver 

Iron Carbide 

Mercury 

Copper 

Arsenic 

Bismuth 

Antimony 


-Metals— 

Hydrogen 

Lead 

Tin 

Nickel 

Cobalt 

Iron 

Hydrogen oc¬ 
cluded by ] 
Hydrogen 
Cadmium 
Zinc 

Manganese 

Chromium 

Aluminum 


Magnesium 

C^alclum 

Strontium 

Barium 

Lithium 

Sodium 

Potassium 

Rubllium 

(Cesium 

+ 


TBBATMBHT BATB8 ON OOBD OBB8 


Rates (1922) charged by the Golden Cycle Mining 8b Redac¬ 
tion Co., of Colorado Springs, Col., for treating gold ores are 
given in the following table: 


TO aod Including $4.60 per ton Talue, $2.00 per U» plus $1 freight. 

Over $4.50 and including $8 per ton value, $2.25 per too plus $1 freight. 
Over 8.00 and including jO per ton value, 4.00 per ton f.o.b. mill 

Over 10.00 and including 15 per ton value, 5.25 per ton f.o.b. min. 

Over 15.00 and Including 20 per Urn value, 6.25 per too f.ab. mill. 

Over 20.00 and Including 25 per ton value. 6.60 per ton f.o.b. mill 

Over 25.00 and Including 30 per ton value, 6.90 per ton r.o.b. miU. 

Over 30.00 and including 40 per ton value, 7.50 per ton f.o.b. mill. 

Over 40.00 and Including 100 per ton value, 8.60 per ton f.o.b. miU. 

Over 100.00 value per ton. 6.50 plus freight (graduated). 


—^Eng. & Mining Journal-Press. 
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CHRISTIAN BECKER, INC. _ LABORATORY EQUIPMENT. 

CHRISTIAN BECKER, INC. 

THE TORSION BALANCE CO. 

Main Office 

92 Reade Street, NEW YORK 

Factory: 147-153 Eighth Street, Jersey City, N. J. 

OFFICES 

Chicago. Ill.—31 W. Lake Street San Francisco, Cal.—49 California Street 


Products 

Balances—Analytical, Assay, Bullion, Jewelers, 
etc. 

Scales—^Laboratory, Pharmaceutical, Textile, 
Cream-Test, Grain, etc. 

Weights—Metric, Avoirdupois, Troy. 

Analytical “Chainomatic” Balances 

Riders and fractional weights up to 50 mg. 
eliminated. 

Weighing in analytical chemistry completely 
revolutionized. 

Thousands in use. 

Endorsed by industrial chemists and educa¬ 
tional workers everywhere. 



Analytical Chainomatlc Balance No. 8-A 


Direct readings are taken from the graduated 
scale and vernier, in itself a great time-saving fea¬ 
ture, and reducing errors to a minimum, when 
compared with the customary method of using 
small fractional weights, etc. 


rHAINOMATIC 

Trade-Mark 

MINING CATALOG 



Specific Gravity Chainomatic Balance for Liquids 


Specific Gravity Chainomatic. Balance for. Liquids 

Graduated scale giving direct readings in spe¬ 
cific gravity% 

Simple, rapid, accurate, scientific. 

Automatic in principle. 

No weights or riders. 

No. 100 ranging to 2.0000, to fourth decimal 
place. 

Supplied to U. S. and Canadian Governments, 
industrial chemists, colleges, etc. 



Torsion Laboratory Balance No. 255 


Torsion Laboratory Balance No. 255 

The accepted standard for laboratory work. 

Capacity.4i/^ kg.(10 lb.) 

Sensitiveness... 1/15 gram.(1 grain) 

Pans.8" diameter 

Equipped with or without graduated side beam, 
metric or avoirdupois. 
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LABORATORY EQUIPMENT. BRAUN-KNECHT-HEIMANN CO. 


BRAUN- KNECHT -HEIMANN CO. 

SAN FRANCISCO, CALIFORNIA, U. S. A. 

Los Angeles House: THE BRAUN CORPORATION 

Chemicals—^Laboratory and Scientific Apparatus 


Chipmunk Crusher 

The Chipmunk Crusher is built for laboratory 
use, and, in its design, the features which a labora¬ 
tory machine should possess, were given first con¬ 
sideration. The ma¬ 
chine is strong, light, 
compact, easily clean¬ 
ed, and there are no 
niches or crevices to 
entrap bits of mate¬ 
rial that might en¬ 
danger accuracy. It 
possesses a simple, 
easily manipulated, 
adjustment. The 
downward and rapid 
motion of the movable 
jaw impells discharge 
of the products, and 
renders the machine 
adaptable to a variety 
of materials from the hardest quartz to coal or 
clay. Steel frame and long bronze bushings. 

Type V C 14, capacity 300 to 400 lbs. per hour. 

R. P. M, 400, T. & L. pulleys. 

Jaws opening 

Shipping weight 270 lbs. 

Price, f. o. b. San Francisco or Los Angeles, $110.00. 

Larger size W C 18, capacity 1000 lbs. per hpur, $190.00. 

Braun U. A. Pulverizer 

The Braun U. A. Pulverizer is designed to meet 
the requirements for grinding material to any de¬ 
sired mesh in metallurgical and testing labora¬ 
tories, and will be found in general use throughout 
the world. The t^e U. A. is the latest improved 
machine, embodying all of those features that 20 
years of application have demonstrated useful— 
not least among which is the removable, renewable 



U. A. Pulverizer Open 


babbitted bushings, obviating the necessity of hav¬ 
ing to perform the delicate job of babbitting in the 
field. Note the adjustment lock in the illustration 
—^this really locks the adjustment. The grinding 
plates themselves are easily renewed, without 
waste, and are made of a steel alloy developed after 



Chipmunk Crusher 


much painstaking research—they are tough, imi- 
form, and can be dressed with edged tools. Of 
course the machine is compact and easily deaned. 


Capacity 1 lb. per minute to 80 mesh. 

R. P. M. 800 to 1000. 

Grinding plates O'' diameter. 

Shipping weight 275 lbs. 

Dimension of case ready for shipment 20''x21''x28*'. 
Price, f. o. b. San Francisco or Los Angeles, $186.00. 



Rotary Flame Furnace 

The illustration shows the complete arrange¬ 
ment of the Rotary 
Flame Furnace, with 
Cary Gasoline Burner 
and lead to pressure 
tank. This outfit has 
been found thoroughly 
satisfactory where 
both melting and 
cupelling is to be done 
in one simple and com¬ 
plete unit. The muffle 
gases and fumes are 
discharged into the 
flue, and the construc¬ 
tion is such as to exclude from the muffle all re¬ 
ducing gases from the combustion chamber. 

Built in 3 sizes, taking 6, 8 and 10 of the 20- 
gram crucibles. 


Rotary Flame Furnace 


Outfit No. 401 411 

Shipping weight, lbs. 430 340 

Price, complete with furnace, tank, 

burner, stand and fittings.$110.60 $101.60 


421 

310 

$93.00 



The Braun Electrolytic Outfit 

The Braun Electrolytic Outfit for lead and copper 
assays is equipped with one motor to which a line shaft 
is attached and each unit is 
driven by a special friction 
device enabling the operator 
to use either one, two, three 
or more units at one time. 

The current through each 
unit is controlled by the in¬ 
dividual switches. Revolving 
anodes and gauze cathodes 
are used. Direct current is 
necessary 

The Braun Electrolytic 
Outfit is the most modem 
and efficient apparatus for 
electrolytic determinations. 

The Cabinets are made in 
any number of units from 

two to six. Braun Electrolytic Cabinet 


Units .. 2 4 6 

Price, without Platinum Electrodes. .$176.00 $200.00 $225.00 

Approximate weight of electrodes (furnished at market price 
of platinum): 

Anodes.. .4.60 grams Cathodes.. .9.60 grams 


Calmix Cupels 

Calmix Cupels have virtually supplanted the hand made 
article in 4;he modem assay office. Calmix are not only 
cheaper, they 
give more ac¬ 
curate and uni¬ 
form results. 

Made in all sizes 

—Used general- , . 

ly throughout ^ 

the world. Sam¬ 
ples Sent Free. 



CALMIX 

CUPEL 


Calmix Cupels 
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THE MINE & SMELTER SUPPLY CO. 


LABORATORY EQUIPMENT. 


THE MINE & SMELTER SUPPLY CO. 

DENVER SALT LAKE CITY EL PASO 

42 BROADWAY, NEW YORK MILLS BUILDING, SAN FRANCISCO 

Outfitters For the Mine^ Mill and Laboratory 




Patented Features Standard In Heusser Balances 

1. The enduring, warp-proof, all-metal casing, 
which prolongs the instrument’s life and protects 
it from extraneous influences. 

2. The perfectly designed beam, a single piece 
of siwcially prepared brass, of uniform density, 
insuring constant dependability, combining maxi¬ 
mum strength with minimum weight and bulk. 

3. The bearings, of selected camelian agate, a 
knife-blade edge upon a perfectly smooth flat stone. 

4. The base and releasing mechanism, a com¬ 
pact unit of unique simplicity and efliciency. 

Patented Features In Certain Heusser Models 

5. The multiple-weight attachment, which 
handles weights mechanically, changes them with¬ 
out arresting the balance and saves at least half 
of the operator’s time. 

6. The mechanical pan-extractor, which de¬ 
posits and removes buttons without recourse to 
the casing door. 

These devices preclude the entrance of error- 
producing dust and air-currents by eliminating 
the use of the door. 

7. The illuminator, which insures perfect light 
under all conditions and can be attached to all 
models. 

Bulletin No. 65 sent on request. 


will unerringly crush to a uniform size. It cannot 
be choked by sticky material. No tools are re¬ 
quired to open the crusher, and it can be opened 
and cleaned while running at full speed. It will 
crush more material to a finer mesh than any other 
laboratory crusher on the market. 

McCOOL PULVERIZER 
(Secondary Laboratory Crusher) 

The McCool Pulverizer will reduce an eight- 
ounce sample to 100 mesh in 30 seconds. The grind¬ 
ing is done between discs so arranged as to prevent 



grooving and unequal wear. The gears run encased 
in oil, virtually noiseless. The discs are the only 
wearing parts to replace, the cost is low and two 
minutes’ time will suffice to change them. The 
McCool adequately fills a long-felt need. It has 
relegated the bucking-board to the oblivion of 
antiquities. 


Catalog No. 54 (833 Pages) Sent On Request to Buyers of Laboratory Supplies. 
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HEUSSER BALANCES 

Button and analytical balances characterized by 
high sensitivity, stability, rapidity, ease of opera¬ 
tion, beauty, strength, and long life. 


SAMSON CRUSHER 
(Primary Laboratory Crusher) 

The Samson Laboratory Crusher combines 
simplicity, strength, durability and economy of 
operation. It has a surprisingly large capacity and 
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THOMPSON BALANCE CO. 


THOMPSON BALANCE CO. 

808 20th Street, DENVER, COLO. 

High Grade Analytical Weights 


High Grade Analytical Weights 


Good Quality Analytical Weights 


These weights are for use in scientific and tech¬ 
nical laboratories where accurate weighing is re¬ 
quired. Gram weights are Tobin bronze lacquered 
or gold plated; fractionals from 500 mg to 50 mg 
are 22k gold or platinum as desired; 20 mg to 1 mg 
are aluminum. Riders may be 5, 6, 10 or 12 mgs 
as desired. Tweezers are carefully made of imito- 
tion ivory with fine points. The weights are ad¬ 
justed within the tolerance prescribed by the 
Bureau of Standards for high grade analytical 
weights. Box is polished mahogany and has velvet 
lined pockets for the gram weights. 

Order by number stating type desired. 



High Grade Analytical Weights 


Cat 

No. 

TjrpeLO 

Lacquered 

with 

Gold Frac. 

Type GO 
Gold Plated 
with 

Gold Frac. 

TypeLP 

Lacquered 

with 

Plat Frac. 

Type GP 
Gold Plated 
with 

Plat. Frac. 

40 20 g to 10 mg 2 Riders 

$18.60 

$21.70 

$22.30 

$26.40 

41 20 g to 6 mg 2 Riders 

19.10 

22.20 

22.80 

26.90 

42 20 g to 1 mg 2 Riders 

20.60 

23.70 

24.30 

27.40 

48 60 g to 10 mg 2 Riders 

20.40 

24.30 

24.10 

28.00 

44 60 g to 6 mg 2 Riders 

20.90 

24.80 

24.60 

28.50 

46 60 g to 1 mg 2 Riders 

22.40 

26.30 

26.10 

30.00 

46 100 g to 10 mg 2 Riders 

23.20 

27.90 

26.90 

31.60 

47 100 g to 6 mg 2 Riders 

23.70 

28.40 

27.40 

32.10 

48 100 g to 1 mg 2 Riders 

26.20 

29.90 

28.90 

33.60 

49 200 g to 10 mg 2 Riders 

28.90 

1 36.30 

1 32.60 

39.00 

60 200 g to 6 mg 2 Riders 

29.40 

36.80 

1 33.10 

39.60 

51 200 g to 1 mg 2 Riders 

30.90 

37.30 

34.60 

41.00 


Weights from 1 to 20 mgs are aluminum; from 
50 to 600 mgs are 22k gold. Adjusted within the 
tolerance prescribed by the Bureau of Standards for 
class S weights. 

Polished mahogany box with metal tweezers. 



Good Quality Analytical Weights with Gold and Aluminum 
Fractions 

Weights from 1 to 20 mgs are aluminum, from 60 mg to 
500 mg are 22k Gold. 


Cat 

No. 

BRASS WEIGHTS LA QUERED 

Cat. 

No. 

BRASS WEIGHTS 

GOLD PLATED 

71 

10 g to 1 mg 2 Riders $12.00 I 

76.. 

.$14.00 

72 

20 g to 1 mg 2 Riders 

13.20 

77.. 

. 16.80 

73 

60 g to 1 mg 2 Riders 

15.20 

78.. 


74 100 g to 1 mg 2 Riders 

17.00 

79.. 

. 20.80 

76 200 g to 1 mg 2 Riders 

24.50 

80.. 

. 30.00 



Medium Grade Analytical Weights 
Brass Lacquered with All Fractions Aluminum 


86 10 grams to 1 mg.$ 8.30 

86 20 grams to 1 mg. 9.30 

87 60 grams to 1 mg.. 10.60 

88 100 grams to 1 mg. 12.40 


Write us for prices on Assay Analytical and Pulp Balances. Our Multiple Rider Attachment for 
Assay Balances has only one moving part. It is the only practical device for handling weights from 
outside the balance case. 
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SECTION XXJl 

Safety First, Sanitation 
and Welfare 


j^THEA 

.MININCi 

kCATALOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


ILLOWINC MANUFACTURERS 


DEALERS 


Channon, James H. Mfg. Co. 
Durand Steel Locker Co. 
Goodrich, B. F. Rubber Co., The 
Howe Fire Apparatus Co. 
Hygienic Fibre Co. 

Mine Safety Appliances Co. 
Safety First Supply Co. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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first aid treatise. __ 

HELP IN CASE OF ACCIDENTS 


Artificial Respiration by the Schaefer or Prone 
Method. Place the person on his abdomen; remove 
from his mouth all foreign bodies, such as false 
teeth, tobacco and gum; pull and keep the tongue 
forward; turn his head to one side and rest it on his 
forearm, so that the mouth and the nose will not 
come in contact with the ground, and extend the 
other arm forward. If the person is thin, prepare 
a pad of folded clothing, blanket or brattice cloth. 
Do not make this pad too thick. Do not wait to 
loosen the victim’s clothing, but begin artificial 
respiration without delay. An assistant may re¬ 
move all tight clothing from the victim’s neck, chest 
and waist; blankets, hot-water bottles, safety lamps 
or hot bricks well wrapped in paper or-cloth should 
be placed about the person by an assistant. 



Kneel, straddling the person’s thighs, and facing 
his head, rest the palm of your hands on his loins— 
on the muscles of the small of his back—^with your 
thumbs nearly touching each other and your fingers 
spread over his lowest ribs; with arms held straight 
swing forward slowly so that the weight of your 



body is gradually brought to bear on the person. 
This operation, which should take three to four sec¬ 
onds, must not be violent, lest the internal organs 
be injured. The lower part of the chest and also the 
abdomen are thus compressed and air is forced out 
of the lungs. Now, immediately swing back slowly 
so as to reduce the pressure, but leave your hands 
in place, thus returning to the original starting posi¬ 
tion. Through their elasticity the patient’s chest 
walls e^and and his lungs are thus supplied with 
fresh air. After two seconds swing forward again 
and repeat deliberately, 16 to 18 times a minute, 
the double movement of compressing and releasing 
—causing a complete respiration in about four sec- 
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onds. If a watch or clock is not available, follow 
the natural rate of your own deep breathing, swing¬ 
ing forward with each expiration and l^kward 
with each inspiration. 

C!ontinue artificial respiration, if necessary, for 
at least three hours without interruption until nat¬ 
ural breathing his been restored or until a physician 
arrives. Even after natural breathing begins, care¬ 
fully watch that it continues. If it stops, start 
artificial respiration again. 

Do not give any liquids whatever by mouth until 
the person is fuUy conscious, when you may give 
slowly aromatic spirits of ammonia (a teaspoonful 
in half a glass of water), hot coffee, hot tea, or 
water. 

Do not permit bystanders to crowd around. The 
assistant should not do anything that will interfere 
with the operator. 

Resuscitating Devices. When the quantity of 
fresh air supplied to the patient by artificial respira¬ 
tion is small or insufficient, it is advisable that the 
manual method be supplemented by the release of 
pure oxygen from a container in proximity to the 
patient’s nose or mouth, but avoiding creating any 
pressure that would cause injury or prevent free 
exhalations. When oxygen or oxygen and air are 
given, the manual treatment should not be stopped, 
but should continue as long as there is hope of re¬ 
viving the patient. 

Wounds. A wound may be defined as a break in 
the skin. Wounds may be divided into four kinds: 
incised, lacerated, contused and punctured. Incised 
wounds are produced by some sharp cutting instru¬ 
ment, such as a knife, a piece of glass, or a piece of 
sharp coal, slate or stone. The edges of the wound 
are smoothly divided without any bruising or tear¬ 
ing. Lacerated wounds present ragged ^ges and 
are the result of tearing the skin and tissues by 
blunt instruments or machine^. Contused wounds 
are those in which the skin is not divided, but is 
severely bruised. Such wounds are caused by heavy 
blunt instruments. Punctured wounds are caused 
by pointed instruments, such as needles, splinters, 
nails, or pieces of wire. 

Bleeding is a flow of blood from an artery, vein 
or capillary. When bright red blood spurts from a 
wound, an artery has been cut. If the blood is red 
and oozes, it is from capillaries, ’i^en dark red 
blood is flowing in a steady stream, it is from a vein. 
When the blood is just oozing, there is no cause for 
hurry or alarm, but if it is spurting or flowing stead¬ 
ily, check it as quickly as possible, for the patient 
may soon be beyond aid by reason of the loss of 
blood. If there is severe bleeding, always check it 
first by the use of the tourniquet, not forgetting, 
however, the danger of leaving on a tourniquet too 
long. 

The chief duty of a first-aid man in treating a 
wound is to prevent germs from getting into it. If 
pus germs do not enter, there will be no inflamma¬ 
tion and the parts will heal quickly, but should such 
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germs get in, blood poisoning is apt to follow. Rip 
or cut the clothing so that the injury may be seen. 
Do not touch the wound with your hand, clothing, 
or any instrument, and do not pour any drugs 
into it. 

Electric Shock. Electricity causes shock by 
paralyzing the enrve centers that control breathing 
or by stopping the regular beat of the heart. 

The symptoms of electric shock are sudden loss 
of consciousness, absence of respiration—^which, if 
present, is slight and cannot be observed—^weak 
pulse, and bums at the point of contact with the 
conductor of electricity. Always rescue the person 
as quickly as possible,being careful not to get in 
contact with the live wire or other conductor. Lose 
no time in looking for a switch to turn off the cur¬ 
rent. In the event that there is no switch near, take 
a drill, mine auger,bar, or piece of wire and throw 
it quickly across the trolley and the rail, taking 
particular care to release your hold of the instru¬ 
ment before it touches the live wire. By so doing, 
the circuit breaker in the power house will be 
thrown out and the current cut off. Leave the auger 
or other instrument across the wire, so that the 
circuit breaker will be thrown out continuously. 
Such action may cause injury to other working 
parts of the mine, but when a human life is at stake 
all the wires should be cut if necessary. A dry 
long-handled shovel will be of service in removing 
the patient from the wire. 

If no wire, drill, or other instrument long enough 
to reach from the wire to the rail, is at hand, one 
may proceed to remove the victim from the live 
wire, but first get a dry board or piece of thick 
paper and put it under your feet, and protect the 
hand you use with your cap, coat, or any dry, non¬ 
conducting material, so as not to make a circuit. 
If possible use one hand only, placing the other 
behind you. If both hands are used to remove the 
person from the wire, make sure that both your 
hands and your feet are well insulated so that you 
will not be caught in the same contact. Another 
way is to take your belt, handkerchief, coat, or 
piece of dry rope and loop it over the victim's foot 
or head if he is lying on the wire, and thus pull him 
off. If an axe is near at hand, use it to cut the 
wire, but first make sure that the handle is dry, or 
wrap it with a coat or other dry and non-conducting 
material. Or you may use a dry board, dry cloth, 
or dry roi)e to pull the wire away from the patient. 

After the person has been taken from the wire 
turn him over on his face, remove all foreign 
bodies from his mouth, such as false teeth, tobacco 
or gum, pull and keep the tongue forward, turn his 
head to one side, resting it on his forearm so that 
his mouth and nose will not come in contact with 
the ground, and extend his other arm forward. 
Start the Schaefer method of artificial respiration 
without delay. 

Suffocation. A victim of suffocation or asphyx¬ 
iation becomes unconscious, his lips and ear lobes 
become blue, his pulse and breathing stop, and his 
pupils become dilated. Where suffocation has been 
caused by gases, due care should be taken by the 
rescuer to protect himself. Unless the air where 
the victim is found is good, immediately get the 
person to pure air and perform the Schaefer method 
of artificial respiration. 


Sprains. The injured joint should be elevated 
and placed at absolute rest, as often a sprain is 
accompanied by a fracture. Apply hot or cold 
towels over the injury several times. 

Drowning. The most important essential after 
rescuing a drowning person is to get the water out 
of his lungs and stomach. Rolling him on a barrel 
is desirable, but as a rule a barrel is not available. 
As a substitute, have one man get on his hands and 
knees, so that the victim can be placed over the 
kneeling man’s back, or, if you are alone with the 
victim, place and lock your hands underneath the 
patient’s stomach and lift him several times, thus 
bending his body and allowing the water to flow out 
of his mouth Later resort to artificial respiration. 
Usually after a person has been immersed in water 
for five minutes life is extinct. There have been 
victims that have been revived after two hours of 
artificial respiration. 

Bums or Scalds. Remove all loose clothing, but 
do not try to remove clothing that adheres to the 
skin—cut around it. For all cases of bums, the air 
should be excluded from the burnt surface as 
quickly as possible by the application of 0.6 to 1 
per cent, picric acid gauze, moistened if possible 
with steam or clean water. In applying this gauze 
care must be taken not to bandage together oj^p 
surfaces, such as fingers or toes, or the ear to side 
of head. 

Frost Bites and Freezing. The parts most likely 
to be affected are the ones most exposed, such as the 
nose, ears, fingers and toes. The affected part is 
white and all sensation is lost. In the treatment 
rub the affected part with snow or cold water; then 
use warmer water ^adually. Give hot coffee, hot 
tea or aromatic spirits of ammonia. The object is to 
bring the frozen part gradually to its normal tem¬ 
perature, as to immediately expose the frosted part 
to heat might result in gangrene or death of the 
part. 

Snake Bite. Apply an improvised tourniquet 
just above the wound, between the wound and the 
heart, to stop circulation of the blood. Loosen the 
tourniquet every 20 minutes for one-half minute, 
to prevent gangrene. With the tip of a knife blade 
open the holes made by the snake’s fangs, cutting 
lengthwise of the limb. Let blood run from the cut, 
at the same time rubbing the wound with the 
fingers to dislodge any of the poison that remains. 
Suck the wound. There is no danger in doing so 
provided you do not swallow the blood and you have 
no wound in or about the mouth. Wash wound with 
whiskey, if at hand. Rub into the wound some bak¬ 
ing soda or permanganate of potash moistened with 
water. 

Sunstroke. The treatment required is to reduce 
the temperature of the body as quickly as possible. 
To do this, remove the patient at once to a cool 
place and take off as much of the clothing as is 
necessary; apply ice or cold water to his head and 
body. To accomplish this effectively, place the 
patient in a cold bath and rub continuously to pre¬ 
vent shock. Keep up the cold applications until 
consciousness returns, then give the patient all the 
cool water he wants. If the skin becomes hot and 
dry again, renew the cold treatment. Give no 
stimulants. 

Lightning. Dash cold water over stricken 
person. 


MINING CATALOG 


SECTION XXH 


Digitized by v^ooQle 




fjrjQ POISON ANTIDOTES. 


Fainting. Stretch out flat on back; allow fresh 
air and sprinkle with water. Keep head lower than 
rest of body. 

Fire in One’s Clothing. Don’t run, especially 
downstairs or out in the air. Roll on carpet, or 
wrap in woolen rug or blanket. Keep the head in 
such position as not to inhale the flame. 

Gasoline or Oil Fire. Gasoline or oil Are is best 
extinguished with flour, sand or earth, in the order 
named; water should not be used. If the gasoline 
be conflned in small space, ammonia will smother it. 
Some users of gasoline find it well to hang a bottle 
containing about a gallon of ammonia from the top 
of the tank or room containing the gasoline, by a 
string or fusible link, so that if the gasoline takes 
fire the bottle will fall and be broken, releasing the 
ammonia and promptly putting out the burning 
gasoline. 


FIRST AID FOR POISONS 


First. Send for a physician. 

Second. Induce vomiting by tickling throat with 
feather or finger; drinking hot water or strong 
mustard and water. Swallow sweet oil or whites of 
eggs. 

Acids are antidotes for Alkalies and vice versa. 


SPECIAL POISONS AND ANTIDOTES 


Acids (Muriatic, Oxalic, Acetic, Sulphuric (Oil 
of Vitrol), Nitric), Treatment—Soaps Suds, Mag¬ 
nesia, Lime Water. 

Pnissic Acid. Treatment—^Ammonia in water; 
dash water in face. 

Carbolic Acid. Treatment—^Flour and water; 
mucilaginous drinks. 

Alkalies (Potash, Lye, Hartshorn, Ammonia). 
Treatment.—^Vinegar or lemon juice in water. 

Arsenic (Rat Poison, Paris Green). l^:eat- 
ment—^Milk, raw eggs, sweet oil, lime water, flour 
and water. 

Bug Poison (Lead, Saltpeter, Corrosive Subli¬ 
mate, Sugar of Lead, Blue Vitrol). Treatment— 
Whites of eggs, or milk in large doses. 

Chloroform (Chloral, Ether). Treatment—^Dash 
cold water on head and chest; artificial respiration. 

Iodine (Antimony, Tartar Emetic). Treatment— 
Starch in water; astringent infusions; strong tea. 

Mercury and Its Salts. Treatment—^Whites of 
eggs; milk; mucilages. 

Opium (Morphine, Laudanum, Paregoric, Sooth¬ 
ing Powders or Syrups). Treatment>-^trong cof¬ 
fee, hot bath; keep awake and moving at any cost. 

Note—Much of this material has been taken from the small 
pocket edition, “Advanced First-Aid Instructions for Miners/* 
Issued by the Bureau of Mines in 1917, a copy of which should 
be in the possession of every one interested in the subject of 
first aid. 


POISONOUS ACnON OF HYDROCYANIC ACID 


The poisonous action seems to be chiefly paraly¬ 
sis of the nerve centers. Anything which will act 
as a stimulus to the nerves, such as inhaling 
chlorine or ammonia, will act as an antidote, al¬ 


though the products of the reaction in these cases 
are also strong poisons. These stimuli are espe¬ 
cially helpful in the case of “gassing,” and should 
be followed by quiet, plenty of fresh air and keep¬ 
ing the patient warm, giving internal stimulants 
if necessary. The symptoms produced by inhaling 
small quantities of hydrocyanic acid gas are head¬ 
ache, giddiness, a peculiar sensation at the back of 
the throat, and sometimes nausea. Long continual 
respiration of small quantities of hydrocyanic acid 
gas, as in cleaning up, may give rise to chronic 
affections of the heart and throat, and for this 
reason men should not be kept continuously on this 
class of work, but placed where they are not subject 
to the fumes. 


ANTIDOTE FOR CYANIDE POISONING 


The Committee of the Chemical, Metallurgical 
and Mining Society of South Africa, appointed to 
investigate cyanide poisoning, recommend as an 
antidote the following: 

1. Thirty cc. of a 23% solution of ferrous 
sulphate. 

2. Thirty cc. of a 6% solution of caustic 
potash. 

3. Two grams of powdered oxide of magnesium 
(light). 

In every cyanide room there should be kept 
three boxes labeled CYANIDE ANTIDOTE, each 
containing: 

1. A metal receptacle to hold about a pint, and 
a spoon. 

2. A blue hermetically sealed phial, containing 
30 cc. of a 33% solution of ferrous sulphate. 

3. A white phial, hermetically sealed, contain¬ 
ing 30 cc. of caustic potash. ' 

4. A packet of oxide of magnesium (light). 

Preparation of Antidote—Quickly empty Hie 

contents of the blue phial, of the white phial and 
of the magnesia package into the metal recepacle, 
and stir well with the spoon. This should be done 
as rapidly as possible, as the patient’s chance of 
life depends on promptness. 

Administration of the Antidote—^If the patient 
is conscious, make him swallow the mixture at once 
and lie down for a few minutes. If the patient is 
not conscious, place him on his back and pour the 
mixture down his throat in small quantities, if 
necessary pinching his nose in order to make him 
swallow. 

Incite Vomiting—After the antidote has been 
given, try to make the patient vomit by tickling the 
back of his throat with a feather or with the finger, 
or give a tumblerful of warm water and must^d. 

Note—It must always be kept in mind that 
promptness of action is the first essential, as the 
poison acts quicky. 

The box of remedies should never be removed 
from its place, but always kept complete and ready 
for an emergency. It is advisable to keep the 
remedies in duplicate in case of the accidental 
breaking of a sealed bottle. 

In all cases of cyanide poisoning medical aid 
should be summoned without delay. 

In case of skin irritation known as “cyanide 
eczema” the best cure is the removal of patient 
from contact with the solutions and the use of zinc 
or similar ointments. 
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FIRE PREVENTION, yyy 


FIRE PREVENTION AND FIGHTING 

IN METAL MINES' 


Somewhat more than a year ago the writer col¬ 
lected some extensive notes on metal-mine fires and 
a paper on metal-mine fire prevention and fighting. 
A summary of these notes was hastily prepared, 
with the assistance of G. Chester Brown, chief min¬ 
ing engineer, Industrial Accident Commission for 
the National Safety Council meeting. This sum¬ 
mary, which is admittedly incomplete, is submitted 
in the hope that it will evoke some discussion that 
may result in a reduction in metal-mine fire haz¬ 
ards, somewhere along the line. To accomplish 
such a reduction does not require the application of 
complicated scientific data. The use of just a little 
care, a small amount of thoughtfulness and a bit of 
common sense will work wonders. 


Underground Fire Fighting 

There may be some interest in a short list of 
conclusions of a rather ^neral nature that were 
reached in connection with some recent mine-fire 
fighting operations. No effort has been made to 
cover the field; the items have been jotted down 
loosely, and very hastily, in the order in which they 
occurred to the writer. Originality is claimed for 
only a few of them. 

1. Temperature readings and analyses of mine- 
air samples, systematically taken, are invaluable 
to effective metal-mine fire fighting and recovery 
operations. The analysis of the retum-air samples 
frequently gives a surprisingly accurate indication 
of conditions existing underground. 

2. Employees must be thoroughly trained in 
the use of mine rescue apiuiratus, because a rela¬ 
tively slight difference in the amount of training 
makes a vast difference in the amount of work they 
can perform under oxygen. In general, slender, 
wiry men make better apparatus men than those of 
heavy, more muscular physique, although there are 
frequent exceptions to any such general statement. 

3. Surprisingly high temperatures, up to 165° 
F. or 170° F. can be endured for short periods by 
wearers of mine rescue apparatus if the air is dry, 
but lower temperatures, 135° to 140° F. are almost 
unbearable if the air is very moist. 

4. There is likely to be an urgent heed of mine 
rescue equipment and thoroughly trained men fa¬ 
miliar with the mine workings at every timbered 
metal mine. 

5. The choice of fresh-air bases, when perform¬ 
ing mine rescue work, is very important, for it must 
be certain that the air is not contaminated by gases 
from the fire. If natural ventilation is depended 

•By H. M. Wolflln, Presented at the Mining Section of the 
National Safety Council, Boston meeting, Sept. 27-30, 1921. 

MINING CATALOG 


upon, the air current must be watched with care to 
see that it does not reverse. 

6. The strictest discipline is necessary to pre¬ 
vent men who are returning from the fire zone from 
removing their apparatus before they reach the 
fresh air base. 

7. Mechanical ventilation greatly simplifies 
metal-mine fire fighting operations and increases 
the safety of the men engaged in the work. 

8. The products of combustion from a fire dif¬ 
fuse with great facility through closely filled ground 
for distances that are surprising. This i§ true even 
when differences in atmospheric pressure are rela¬ 
tively slight between the burning workings and 
those that are not affected by flames. Bulkheads 
in filled ground are absolutely useless, therefore, 
for fire-fighting purposes, as a general rule. 

9. It is advisable to have bulkheads continu¬ 
ously and frequently patrolled even though they 
have been recently completed and carefully in¬ 
spected. 

10. If moist clay can be secured in sacks (or 
dry clay sacked and moistened) one of the quickest 
methods of building a satisfactory bulkhead in a 
drift or cross cut is to put up a wall or brattice of 
2 by 12-in. or 2 by 6-in. boards nailed to posts or 
Stulls and fitted as closely as possible at the ends, 
then to nail two or more 3 by 3, or 4 by 4-in. strips 
on the outside and add another board wall, fastened 
to the strips, moist clay being tamped between the 
walls as the outside wall is put up. The outside 
wall should be calked carefully with clay, especially 
around the edge and at the top and bottom. 

11. When bulkheading tip}ber drifts or cross 
cuts, a tight seal rarely, if ever, can be made unless 
all lagging is cut and a section removed, and all 
loose rock and dirt taken down before the bulkhead 
is started. 

12. Close observation of both candle and canary 
birds is necessary if men working without mine res¬ 
cue apparatus in the fire zone are to be spared the 
nausea and excruciating headache of slight CO pois¬ 
oning. If men working hard are using a bird to 
warn them of carbon monoxide, the bird should be 
kept moving enough to make it pant, otherwise men 
may be affected before the bird shows distress. 

13. The resistance of individuals to low per¬ 
centages of CO varies between relatively wide lim¬ 
its. Frequently more robust individuals with large 
lung capacities are the first to succumb. 

14. Timber fires bum and spread more rapidly 
than coal fires and conversely die down and cool off 
more rapidly when the air supply is checked. They 
are extremely deceptive and likely to blaze up when 
it is thought that they have been extinguished. 
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15. When the fresh-air supply is restricted, an 
underground fire tends to travel against the air 
current, even though the current may be coming 
from below; if the air is moving at higher veloci¬ 
ties, so that the supply is more plentiful, the fire 
may travel both ways. If the draft is extremely 
strong, the fire will probably travel with it. 

16. Reliable means of signalling from skip or 
cage should be maintained at all times during fire¬ 
fighting operations in shaft mines. The method of 
signalling becomes extremely important when it is 
necessary to ride skip or cage in irrespirable at¬ 
mospheres. 

17. The presence of carbon monoxide in the 
mine air indicates an active fire (except for the 
relatively small amounts of CO generated in blast¬ 
ing operations), but the absence of carbon monoxide 
is not a positive indication that the fire has been 
extinguished. 

18. Finally, it is pointed out that effective or¬ 
ganization of fire-fighting forces is of paramount 
importance. Men, equipment and supplies mean 
nothing, can accomplish nothing, without thorough 
organization and the strictest discipline. This is 
regarded as the most important of all the sugges¬ 
tions and observations. 


Prevention and Protection 

In connection with the broad problem of metal- 
mine fire prevention and protection, the following 
somewhat general observations and suggestions 
may be of passing interest: 

1. All wooden headframes, wooden structures 
and supplies of inflammable materials near any 
mine entrance should be removed or replaced by 
fireproof structures. If this can not be done, at 
least such wooden structures should be made as 
nearly fireproof as possible by means of gunite or 
some other equally efficient method. All planked 
floors around the collar of the shaft or at the portal 
should be removed and non-inflammable construc¬ 
tion substituted. 

2. Mine timbers should not be piled in the im¬ 
mediate vicinity of the collar of the shaft or at the 
portal of an adit or a tunnel. 

3. Proper storage of dynamite in fireproof 
places is essential. Boxes of dynamite should not 
be left near the collar of the shaft or at the portal 
of an adit or tunnel. 

4. Removal of all accumulation of inflammable 
waste material and refuse from the mine or near 
the vicinity of the collar of the shaft is important. 

6. Proper storage of gasoline or oil at an ade¬ 
quate distance from the mine entrance should re¬ 
ceive attention. 

6. If underground pump stations or hoist sta¬ 
tions need support, steel and concrete or at least 
gunited timber should be used. 
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7. All oily waste should be removed promptly 
from the vicinity of pump or hoist stations and 
pending removal should be kept in metal receptacles 
carefully placed and protected. 

8. Electrical apparatus, especially wiring and 
transformers, should be properly installed and care¬ 
fully protected. All electrical equipment should be 
placed in fireproof stations. 

9. The installing of adequate underground and 
surface fire-fighting equipment, and the organiza¬ 
tion of fire-fighting crews are worthy of the most 
active attention. 

10. Fire drills on the surface and underground 
should be conducted frequently and thoroughly. 
Those commonly conducted underground are piti¬ 
fully inadequate and generally come at such long 
intervals and involve so few men that they are al¬ 
most worthless. How many men in the average 
metal mines have an adequate knowledge of the 
location of escapeways and fire-fighting equipment? 
How many receive intelligible instruction in these 
important items with sufficient frequency to retain 
it with any degree of accuracy? 

11. “Second exits” or escapeways are generally 
intake airways. T^e best chance that men have 
when trapped in this way is to bulkhead themselves 
in dead-ends and wait for rescue. Frequently split¬ 
ting the air in the ventilating current reduces this 
danger. 

12. Every deep metal mine should be equipped 
with an efficient means of mechanical ventilation by 
which the air currents can be reversed quickly, tf 
necessary; and every such mine in which several 
levels are being worked simultaneously should have 
its air circulation divided into a number of splits. 

13. Some provision should be made to give dan¬ 
ger signals or “all out” signals to underground men. 
Every inetal mine should be equipped to introduce a 
stench into the compressed air lines in cases of 
emergency, and a supply of the stench-making ma¬ 
terial should be on hand at all times. Such arrange¬ 
ments are easily made and are not expensive, yet 
may be the means of saving many lives especial^ 
if tdl men are well drilled in their use. 

14. Crews should be orjganized for effective be- 
tween-shift inspections of timbered workings, shaft 
stations, airways, pump stations, etc. 

15. Proper fire doors should be installed at 
strategic points to assist in the control of the ven¬ 
tilation. 

16. The introduction of miners’ electric cap 
lamps, and forbidding men to carry matches, flame¬ 
making devices, or smoking materials would be an 
important item in the reduction of underground fire 
hazards. Of course, if fuse is used for bitting, 
the men who split the fuse must be equipped with 
some type of flame-making device. These sugges¬ 
tions may be regarded as somewhat radical now, 
but they are feasible and the time will come when 
they will receive thoughtful consideration. 
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Preservation of Natural Scenery and 
Attractiveness of Mining Camps * 


Many mines are situated in the most beautiful 
part of the world, in resrions it has taken countless 
ages of Nature’s activity to bring to their present 
conditions. Would it not therefore be eminently 
desirable that those in charge should do all they 
can to preserve, and even to develop these natur^ 
beauties, so that natural aspects of great beauty 
may not become scenes of thoughtless devastation? 
The American Scenic and Historic Preservation 
Society earnestly suggests that this policy may be 
pursu^. 

Another consideration, and one of at least 
equal importance, is that the cabins and homes of 
the miners be made both attractive to the eye and 
comfortable as places of abode. Especially neces¬ 
sary in this connection are the preservation and 
the cultivation of trees in the immediate neighbor¬ 
hood of these dwelling, for if trees are ruthlessly 
destroyed a lifetime is often required to replace 
them. By the exercise of a little care in these 
respects it would be possible, almost without ex¬ 
pense, to render the miners’ lives more restful and 
pleasant, and this would assuredly serve to make 
them more contented and better citizens. 

In addition to this care of tree life, it would 
be an easy matter to have little garden patches in 
the vicinity of the dwellings, and to provide the 
miners with the opportunity to cultivate these little 
gardens in part of their spare time. This also 
would serve as an elevating influence upon their 


lives, and would help them to resist the depressing 
effects of constant toil under hard conditions. 

The writer has no wish to suggest the laying 
out of expensive parks, or, in other words, to cause 
additional expense; the only aim would be to 
remove unsightly and useless obstructions. It is 
true that where reduction works are started near 
the mine this often makes it impossible for any¬ 
thing to grow. Such really necessary obstacles 
would be accepted and counted with. But in most 
other cases it will be found that a regulation of 
operations will greatly aid in the development here 
advocated. One important consideration is that 
there be no planless scattering of the material 
derived from excavations. Instead of transporting 
it over roads running in a variety of directions, 
the roads could be made to converge at a certain 
point, where the rubble could be leveled out and 
made to afford a series of platforms, constituting 
splendid foundations for any projected buildings. 

Finally, as to the miners’ dwellings, we might 
suggest that if suitable prizes were offered for 
definite designs, the execution of which would not 
entail any greater cost than that of the poor struc¬ 
tures now built, this would prove a helpful factor 
in the elevation of the standard of living. Indeed, 
with proper care and foresight, these more attrac¬ 
tive cabins might be erected at even less expense 
than is required for those now put up. 

•By George F. Kunz. Presented at February, 1922, meeting 
of A. I. M. & M. E. 


RULES FOR DYNAMI'TE AND POWDER MAGAZINES 


Explosives must be handled carefully. 

Do not throw down boxes of explosives, nor 
drag them along the floor. 

Do not open boxes of dynamite or powder kegs in 
or near the magazine. 

Do not have in or about the magazine loose 
cartridges, open boxes of dynamite, or loose iwwder. 

Do not make up primers in magazine. 

Do not smoke, have matches, oil-burning lamps 
or lanterns, firearms or cartridges in or near the 
magazine. If artificial light be needed, use electric 
flashlight or electric lantern. 

Do not store blasting caps or electric blasting 
caps in the magazine. 

Store dynamite and black powder separately. 
Store dynamite boxes flat, top side up, grades and 
brands showing; store powder kegs on sides with 
seams down, or on ends, bungs down. 

Powder kegs should be rolled over and contents 
shaken every two or three months. 

Always use old stock first. 

Compiled from Bulletin 76, U. S. Bureau of Mines and 


Keep magazine floor clean. 

Keep the ground immediately around magazine 
clear of leaves, grass, trees, stumps, and debris, to 
prevent fire from reaching it. 

Do not allow any shooting in the neighborhood 
of magazine. 

Keep the door locked. 

No unauthorized person should be admitted to 
magazine. 

Do not keep any steel, or metallic tools or other 
implements, in the magazine. 

See that good ventilation »is ipajntained during 
all seasons of the year. ^ 

When repairs have to be made to interior of 
magazine, all stocks of explosives should be re¬ 
moved to safe distance and carefully protected from 
weather during progress of repairs. Before start¬ 
ing repairs in a black-powder magazine scrub floor 
with water. If dynamite has been stored in maga¬ 
zine, any stains on floor should be carefully 
scrubbed with solution consisting of gal. water, 
1 gal. denatured alcohol, ^ gal. acetone, 1 lb. 
sodium sulphide (fused) or potassium sulphide. 

Catalogs of Hercules and Du Pont Powder Companies. 
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MINE SAFETY APPLIANCES CO. 


MINE SAFETY APPLIANCES CO. 

Chamber of Commerce Building 
PITTSBURGH. PA. 

® BRANCHES 

CHICAGO DENVER 

189 North Clark St. 2320 Clermont St. 

HUNTINGTON, W. VA. 

LOS ANGELES 
Chamber of Commerce Bldg. 

SAN FRANCISCO SEATTLE 

268 Market St. 606 Poison Bldg. 

CANADA, Drummond, McCall & Co., Victoria Square, Montreal, P.Q.; Maritime Bldg., New Glasgow, N. S. 




NEW YORK 
82 Fulton St. 


PHILADELPHIA 
2320 Clermont St. 


ST. LOUIS 

907 Boatmen’s Bank Bldg. 


PITTSBURG, KAS. 
Commerce Bldg. 

WILKES-BARRE, PA. 
364 Wright St. (Kingston) 


Safety Engineers 


“EVERYTHING FOR MINE AND INDUSTRIAL SAFETY” 


Being the pioneer, and today the largest ex¬ 
clusive safety appliance institution in the world, 
is the distinction that has been achieved by this 
Company. 

Because it has been attained through real serv¬ 
ice, makes this prestige of even greater value to 
the customers than to the Company. 

For nowhere else can be obtained the combined 


advantages of our Laboratories and Research 
Work, and the many original devices they have 
created; a most modem factory built and equipped 
throughout solely for the production of safety ap¬ 
paratus ; the broad experience and training of men 
whose life work is devoted to safety; and above all, 
the M-S-A spirit to serve each customer to his own 
greatest advantage. 


BURRELL GAS MASKS 


One of the outstanding features of the Burrell 
series of gas masks is the variety of gases from 
which protection can be obtained. There is a type 
of mask adapted to every commercial need. The 
complete list will be sent on request, and our Service 
Department is always ready and willing to recom¬ 
mend the mask most suitable to your conditions. 


Carbon Monoxide Masks 


Special attention should be called to the CO-60 
Carbon Monoxide and the CO-IO All-Service Masks. 
These will positively protect the worker from car¬ 
bon monoxide and producer gas. They are more 
completely described on the following page. 



Ammonia Masks 

Every refrigerat¬ 
ing plant should have 
available a Burrell 
Ammonia Mask. Re¬ 
pairs and mainte¬ 
nance can be taken 
care of immediately 
without danger to 
the worker as this 
mask will ^ve abso¬ 
lute protection. 

The Burrell Am¬ 
monia Mask has the 
official approval of the U. S. Bureau of Mines and 
that of many insurance com^anie^. The list of 
approvals is constantly increasing and will be sent 
on request. 


Type GM Burrell Gas Mask 
With Case 


Hose Masks 

It is sometimes desirable 
to conduct fresh air from 
outside to the face piece on 
the wearer, thereby avoiding 
the use of the purifying can¬ 
ister. Hose masks can be 
supplied for this purpose. 

Exclusive Burrell Features 

The face piece is the lat¬ 
est improved Army model, 

Kops patent. It is the most 
comfortable face piece made. 

The mask fits the face per¬ 
fectly, has less dead air 
space, and permits a wider vision through the eye¬ 
pieces. 

Eye pieces are stamped in, giving no chance 
for leakage. 

Head elastics are replaceable. 

A wide range of protection, covering every nox¬ 
ious gas which will be encountered, including carbon 
monoxide. 

A carrying case made of three-ply gum-veneer, 
like the best trunks. It is very strong and will 
withstand considerable punishment. 

M-S-A laboratories and engtaeering facilities 
are always available for investigating your pro¬ 
tection problems. Our experience in this field as¬ 
sures you the proper type of mask to meet your 
particular conditions. 
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MINE SAFETY APPUANCES CO. 


GAS MASKS AND DETECTORS. 



Burrell Carbon Monoxide Gas Masks 
for- Fire Fighting, Shot-Firers, Etc. 




Burrell All-Service Gas Mask No. CO-10 
Complete Mask Includes Case and 
One Extra Canister 
Weight, Mask Only, 6% Pounds 
Shipping Weight, With Case, 21 Pounds 


All-Service Mask No. CO-10 


This mask gives complete protection 
against any noxious gases either alone 
or in combination, including carbon mo¬ 
noxide, illuminating gas, fumes, smoke 
and dust, and is used in a wide variety 
of operations, including coal mines, fire 
departments, chemical and metallurgical 
plants, and in other places where com¬ 
binations of gases and smoke, including 
carbon monoxide and illuminating gas 
are present. This mask operates ex¬ 
actly as other types of mask and in¬ 
cludes a Timer for telling when the 
canister is exhausted. 


Carbon Monoxide Mask No. CO-50 

This mask is used where carbon' 
monoxide only is encountered. It in¬ 
cludes a Timer for telling when the 
canister is exhausted. 



It is in extensive use around blast 
furnaces, gas producers, etc., and will 
positively protect against carbon monox¬ 
ide gas. 


Burrell Carbon Monoxide Mask No. 
CO-50 Complete Mask Includes 
Case and One Extra Canister 
Weight, Mask Only, 6% Pounds 
Shipping Weight, With Case, 20 Lbs. 


M-S-A CARBON MONOXIDE DETECTOR 


A Practical, Simple and Positive Instrument 
for Quickly Detecting the Presence and Amount of 
Carbon Monoxide Gas. It gives an accurate indica¬ 
tion of when protection from this gas is required. 

Uses for The M-S-A Carbon Monoxide Detector 

Coal and Metal Mines. The presence of carbon 
monoxide in a mine always indicates fire. Where 
fire is suspected a few tests with the Detector will 
prove the presence or absence of this gas. Fire 
Bosses or other inspectors may sample the return 
air courses for carbon monoxide, particularly where 
seams are mined on different levels. This may be 
done on early morning rounds, during the shift, 
and particularly on fire inspection before Sundays 
or other idle days. 

The M-S-A Detector gives a fire fighting or 
mine rescue squad a positive means of determining 
the carbon monoxide condition at any time and 
place. Guess work is eliminated. The Detector 
gives a quick and sure test. 

Sensitiveness of the M-S-A Carbon Monoxide De¬ 
tector 

The M-S-A Carbon Monoxide Detector is ex¬ 
tremely sensitive and will detect percentages of gas 
far below the immediately dangerous point. This 
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is of great value because persons are frequently 
affected by continued exposure to small amounts. 

While canaries have proved valuable in detect¬ 
ing carbon monoxide, they are not entirely reliable 
in smaller percentages. 

About ten seconds are required for a test with 
the M-S-A Carbon Monoxide Detector and the re¬ 
sults are sure. 

The Color Scale is calibrated from .05% (6-100). 
to 1%. 

Bulletin No. 60, fully describing this device, 
sent on request. 



M-S-A Carbon Monoxide Detector 
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yg2 breathing apparatus. 


MINE SAFETY APPLIANCES CO. 



Gibbs Oxygen Apparatus 




Gibbs Oxygen Breathing Apparatus 

Self-Contained Oxygen Breathing Apparatus 
(sometimes called "helmets” or “rescue apparatus”) 
is a device that enables a man to work in an atmos¬ 
phere devoid of 
oxygen. 


The Gibbs is 
an apparatus that 
provides a con¬ 
stant supply of 
oxygen to replace 
the oxygen con¬ 
sumed in sustain¬ 
ing life. It also 
carries an absorb¬ 
er to render 
harmless the car¬ 
bon - dioxide ex¬ 
haled from the 
lungs. 

For fire fight¬ 
ing and rescue 
work the Gibbs is 
indispensable. It 
enables the wear¬ 
er to breathe in 
the comfort and safe¬ 
ty in any atmos¬ 
phere. The oxygen is supplied automatically, and 
whether the man is under violent exertion or at 
complete rest just the proper amount is.supplied to 
meet the needs of the moment. 


The 


Cover is Removed, Showing 
Construction of the Gibbs 


The Gibbs Ap^mratus has been approved by the 
U. S. Bureau of Mines, and is in use in their Rescue 
Cars and Stations. It has been adopted by the big 
coal and metal mines—in all, more than 1200 Gibbs 
Apparatus have been installed. 



The Gibbs Refillable Cartridge Regenerator 

A '^permissible” container for CARDOXIDE, the chemi¬ 
cal used for absorbing carbon dioxide exhaled by the wearer 
of breathing apparatus. 

CARDOXIDE absorbs more COx than straight caustic, 
with less heating; can be handled freely without burning the 
sldn or clothing; does not be¬ 
come soft and clog up air pas¬ 
sages; keeps indefinitely in 
storage. 


Regenerator Used With Gibbs Oxygen Apparatus 


REGENERATOR is made of sheet steel thoroughly 
coated and fitted with brass connections; divided into two 
compartments, into each of which is placed two pounds of 
CARDOXIDE. Full charge is four pounds. After a full 
working period in apparatus, the used chemical is poured 
out and the container refilled with fresh CARDOXIDE. 
When empty regenerator may be readily tested for air tight¬ 
ness, and the chemical car^ully examined as it is filled. 
This makes for additional safety. The better absorption 
value of CARDOXIDE and the method of passing the air 
through the REGENERATOR secure the very highest effi¬ 
ciency,—the merest traces of CO* being found in the in¬ 
spired air. The regenerator being refillable, only the CAR¬ 
DOXIDE is used up. The cost of the container is saved. 
The cost of a full working period in the apparatus, using the 
Gibbs Refillable Regenerator and Cardoxide, is less than 
half the cost of a sealed manufactured regenerator. 

Refillable Regenerator and a supply of Cardoxide packed 
in 4-lb. cans sent on your request for trial. 


THE H-H INHALATOR-r-A New Principle 


The patient breathes a mixture of Oxygen plus 
Carbon Dioxide, either naturally or induced by the 
Schaefer Method of Artificial Respiration. Im¬ 
mediately the involuntary muscles respond, breath¬ 
ing becomes deep and regular. A maximum 
exchange is produced. Oxygen is absorbed, danger- 



Showing Method of Operating H-H Inhalator With Manual 
Method of Resuscitation 



ous gases expelled, recovery is rapid, effects 
minimized. 

Complete in case with all needed accessories. 
An essential for every mine. 




Keiifl desrrijitlon telling how the H-H Inhalator 
M.AKKS patient breathe rapidly and deeply. 
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MINE SAFETY APPLIANCES CO. 


FIRST AID SUPPLIES & EQUIPMENT 



First Aid Supplies and Equipment 


M-S-A First Aid Equipment is produced in our factory devoted solely 
to that purpose. It is an assurance of the highest quality of materials, 
absolutely sterile, designed juirticularly for mine use. 




M-S-A First Aid Contest Outfit 


Packed complete in substantial galvanized canister, dust 
and moisture proof. Conforms to Compensation Insurance 
requirements as an inside dressing station. 

M-S-A First Aid Contest Outfit 

A strong box, under lock and key, equipped with Army 
Stretcher and all the materials suggested Jby the U. S. Bureau 
of Mines. Your team will need this outfit at the next 
contest. 

Also practice outfits for team training; Meet Prizes and 
Efficiency Prizes. Prices on application. Immediate sUp- 
ment. 


M-S-A Emergen^ Hospital Group 

includes the equipment needed by the ^-S-A First Aid Cabinet—No. 8 

First Aid Hospital. 



U S. Army Stretcher 


M-S-A Special Strecher Outfit 

Equipped complete with every essential to give first aid 
in any emergency—Stretcher, Double Wool Blanket, Rubber 
Blanket, Splints, 4 First Aid Packets, 4 Triangular Band¬ 
ages and 4 Muslin Rolls. 


Hangs on the wall ready for instant use. Opened, the 
lid serves as a table. Size 17x10x3^". Weighs complete 
8^ lbs. Equipped with every essential; fulfills Compensa¬ 
tion Insurance requirements. Needed in every mine. 

The M-S-A is the most complete line of Pocket Packets, 
Compresses, Dressings, and other First Aid essentials. 


M-S-A Special Stretcher Outfit 


Mining Machine Bit Box 

Prevents loss of bits and boxes. 

Keeps bits and boxes out of coal crushers. 

Handle locks the lid in place. 

Made of 12 Gauge steel, lap riveted, in two sizes; for 
65 bits and 120 bits. 


Mining Machine Bit Box 


M-S-A First Aid Cabinet No. 8 
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784 bulletin boards & PLAYGROUND EQUIPMENT. MINE SAFETY APPLIANCES CO. 



M-S-A Bulletin Boards 

Attract and hold the eye. Built to withstand hard usage and the 
most severe weather conditions. Experience proves them a practical 
installation and a paying investment. 




Description—Size 56x30x4 inches. Two doors swinging 
freely on substantial hinges, with glass solidly embedded. 
Heavy metal straps at top for hanging. Built of 22-gauge 
sheet steel finished in durable green enamel. Removable wall 
board panel for posting bulletins. 


Playground 

The most belittered weed-grown lot, any unused 
portion of a factory site, may be changed in a few 
days into a veritable haven for the children. 


Everything for the Playground 

Sufficient equipment is the basis of playground 
success. We can furnish Swings and Slides, Tra- 


Ill T unln atlon—Two lamps on each side at top, brilliantly 
illuminate the green glass ‘^Safety Bulletin” sign. Light 
reflects downward and illuminates display. Wiring in full 
accordance with insurance standards, to suit line voltage. 


Equipment 

peze and Flying Rings, Basket Balls, Giant Strides 
and miniature Slides for the little toddlers. 

M-S-A Equipment offers you every facility for 
providing just what produces the greatest enjoy¬ 
ment—^just what will be adapted to your grounds 
to make it a permanent success. 

Let us furnish a plan and estimates suitable 
to your requirements. 



Box Swing 


School Slide 


See-Saw Outfit 
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MINE SAFETY APPLIANCTS CO. 


7S5 



SIGNS 


Porcelain enameled on 18 gauge steel, or Lithographed on 26 or 30 
gauge steel. 

Each sign standard for the purpose intended; Standard Coloring, 
Standard Design. • 

Approved by Accident and Liability Insurance Companies, State 
Inspectors and Workmen’s Compensation 
Boards. 

Red Cross Signs are standard in 3- 
color size x 14" enameled or litho¬ 
graphed. 

Panel Signs standard with white let¬ 
ters on deep blue background; 40 stock 
wordings; size 4" x 24" enameled only. 

Hoisting Codes or General Rules to Employes 
made in any suitable size are standard in porce> 
lain enamel, white letters on blue backg^oimd. 

Send for complete catalog and price list of 
stock Danger, Caution, Notice, Direction and 
Safety First signs. In asking for quotations on 
special signs, give size, colors, wording and sub¬ 
mit special sketch if possible. 




Aay cuMMMra 

«Mtr« may ka laiffHiitad 




nilfT AID 

4iDispENSAinr 


□ANGER 




EXraES 


No. 106A. 10 in. x 14 in., 30 grauge 

60 stock wordings 

No. 206A. 14 in. x 20 in.. 30 gauge 
40 stock wordings 


FIREHOSE 


NO SMOKING 


MANWAY 


NO ADMITTANCE 


NO ADMITTANCE 




NO LOAFING 


NO THOROUGHFARE 


LOOK OUT FOR CARS 


ELECTRIC SWITCH 


NO TRESPASSING 


KEEP OFF 


KEEP OUT 


OFFICE 






ASSAY OFFICE 


STORE ROOM 


TOOL ROOM 


FIRE EXTINGUISHER 


\_o V ’e.VLS 


ENGINE ROOM 


BOILED ROOM 


SUPERINTENDENT 


BLACKSMITH SHOP 


MACHINE SHOP 


CARPENTER SHOP 


-TVIElSr- 


WOMEN 


/EMPLOYEES.-' 


ENTRANCE 


MINING ENOINEER 


• T HE PENNSYLVANIA*-BITUMINOUS COP E * I 

IN ALL SHAFTS AND SLOPES WHERE 
PERSONS. COAL AND OTHER 
MATERIALS ARE HOISTED BY 
MACHINERV THE FOLLOWING 

CODE OF SIGNALS 

- SHALL BE USED -- 

1 RAP or WHISTLE | 

1 RAP or WHISTLE iliP 

2 RAPS or WHISTLES 

3 RAPS or WHISTLES per”°onI 

THE ENGINEER SHALL SIGNAL BACK WHEN 
READY. AFTER WHICH THE PERSON SHALL 
GET ON THE CAR OR CAGE. AND THEN ONE 
RAP OR WHISTLE SHALL BE GIVEN TO HOIST. 

4 RAPS or WHISTLES S"" 



MANWAY 


No. OHM. 26-gauge Steel. 



No. 001. 10 in. X 24 In., 26-gauge Steel. 
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»7g0 PLAYGROUND EQUIPMENT & SIGNS. SAFETY FIRST SUPPLY COMPANY. 

SAFETY FIRST SUPPLY COMPANY 

107 Third Avc., PITTSBURGH, PA. 

Branches 

Huntington, W. Va. Cincinnati, Ohio • Philadelphia, Pa. 

WlftliW' 

.Everything for Safety, First Aid and Welfare 


DIAMOND ALL-STEEL PLAYGROUND APPARATUS 



Will keep the children healthy and happy and provide a place where they can put to good use their 
youthful enthusiasm which would otherwise find expression in mischief or in dangerous places where 
their presence would be a source of hindrance and annoyance to the operation of the mine. 

Then, too, grown-ups will use the Playground as a social center and will denve as much ^easure from 
the use of the apparatus as the children. 

DIAMOND All-Steel Playground Equipment is the most serviceable and duitible that it is possible to 
install. Ihe Fittings used in its construction are ALL STEEL and the apparatus is perfectly rigid and 

Plans and Prices Gladly Submitted 
Send for Our Bo«ddet ‘Troof of Service” 


DIAMOND PORCELAEN ENAMEL SIGl^S 


HOSPITAL 

STRETCHER 

HERE 



DANGER 


NO CLEARANCE 


DANGER 
KEEP OFF 


No. 324. S^zeT4x7 


DANGER 

IHIGH VOLTAGE 


No. 114. Size 8x4 Incties. 


DANGER 



NOSHOKINGI KEEP OFF 

Sec. 16 *17 U S Explosives Cede 


THIS WAY OUT-)' 


No. 290. Size I6z4 Inches. 


DANGER 


No. 65—Size 14x4 Inches. 


No. 316. Size 14xl2V4 Inches. 


No. 293. Size 14x10 Inohe 


DZAMOVD PO»OB3^AZV BVAMU 8ZOB8 are manofaetnred of five ooate of FOBOBBAZV BBAMBB, fused at 9000 darreeo 
heat on 18-OAUOB ZBOB. We ffnaraatee these signs to stay bright and clean, to be unaffected hj weather conditions or add 
fumes, and to last Indeflnitely. 8orew holes are eaoh protected ww patent collar, eliminating danger of Injnrp to sign whenpostfaiff. 
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SAFETY FIRST SUPPLY COMPANY. 


FIRST AID AND SAFETY APPLIANCES. 


Look over the list below of some of the Safety, First Aid and Welfare Equipment which we carry in 
stock, ready for immediate shipment, and let us quote you on your requirements. 


Porcelain Enamel Signs 
Bulletin Boards 
Goggles 

Machinery Guards 
Ladder Shoes 
Respirators 
Fire Extinguishers 


Asbestos, Leather and Rubber 
Gloves 

Mine Tail Lanterns 
Drinking Fountains 
Safety Cans 
Stokes Splint Stretcher 
Hospital Equipment 


First Aid Pocket Packets 
Emergency Outfits 
Protective Clothing 
Sanitary Clothes Hangers 
Post Pullers 

Flexco-Lok Lamp Guards 
First Aid Cases 


Gongs—Alarm and Signal 
Playground Apparatus 
Safety Truck Brake 
Masks, Helmets and Safety 
Hats 

Portalites 



Diamond No. 2 First Aid Case 


Diamond No. 2 First Aid 
Case 

' Cabinet is made of heavy, 

decorated metal and is pro- 
> vided with rings to hang cab¬ 
inet against the wall and 
handles efficient for carrying. 
, Size: Length, 20 inches; 

width, 13 inches; depth, 3% 
inches. 

Weight: 12 pounds. 


9 

Diamond 

Point 

Ladder Shoe 


Diamond First Aid Finger 
Cot 

An efficient Muslin Dress¬ 
ing, designed to hold the 
finger bandage in place; clean 
and sanitary. 

Diamond Point Ladder Shoes 
Manufactured of l%x%6 
inch wrought iron, heavily 
g^alvanized. Removable, re¬ 
newable Tool Steel Points. 
Adaptable to any kind of 
ladder. 



Goggles . 

Used for chipping, grind¬ 
ing, stone cutting and general 
industrial purposes. 

Will withstand severe blows 
and will not shatter when 
broken. 



Diamond Emergency Outfit 

Consists of U. S. Army Stretcher, heavy wool blanket, 
heavy rubber blanket contained in galvanized iron Canister, 
together with Diamond No. 2 First Aid Case. Absolutely 
Dust and Moisture-proof, clean, sanitary and guaranteed to 
meet Insurance Requirements. 


■- 


Diamond Emergency Outfit 


Diamond Illuminated Improved Bulletin 
Boards 

Are built for hard service—weather¬ 
proof and dust-tight. Material through¬ 
out is galvanized steel. Each board is 
wired for lamps which shine through 
opal glass si^ at top of board and af¬ 
ford perfect illumination of contents of 
board. Made in three sizes. 


tWiffipiiillB- 



Diamond Bulletin 
Board No. 28 


I 

it 


Diamond Adjustable Goggle 
With Head Bands. 


Diamond M. & M. Rail 
CUmp 

• Is light and easy to 

handle. It is the surest 
and safest stop for use on Crane 
Runways and Surface Tracks. 


The Diamond Sanitary Clothes 
Hanger 

Is a safe way to take care of the 
miner's clothes while he is in the 
mine and is a safe, convenient way 
to care for his working clothes while 
off duty. Basket is made of one 
piece of heavy galvanized wire. Has 
no loose 
parts to get 
lost—is one 
simple, con¬ 
nected unit. 

& M. Rail 




Diamond M. & M. 
Rail Clamp 


Dustite Respirator 

Made of white rubber, with alumi¬ 
num ring for holding the gauze filter. 
All parts are separately renewable. 
Tested and approved by The Under¬ 
writers’ Laboratories. 


Machinery Guards 

We are prepared to 
manufacture guards for 
all machinery. Using 
DIAMOND EXPANDED 
METAL, hand riveted to 
angle iron frames, from 
your own blue prints or 
measurements made by 
our Engineers. 



Machinery Guard 



Stokes Splint Stretcher 

A heavy steel wire basket, reinforced and braced with handles at the 
sides and corners. It may be handled by one person when necessary, the 
bottom braces serving as runners. Adjustable foot plates and bandages 
serve to secure the occupant so that he may be carried up steep inclines or 
shafts in any convenient manner without danger of further injury. 


Trip Alarm 




Plexco-Lok 
Lamp Guard 


Stokes Splint Stretcher 


Our Complete Catalog—^Invaluable to Safety Engineers or Anyone Interested in Safety, First Aid 

and Welfare—Mailed on Request 
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Ygg FIRST AID EQUIPMENT. 


HYGIENIC FIBRE COMPANY, 


HYGIENIC FIBRE COMPANY 

200 Broadway, NEW YORK CITY 


I. D. P. 

Tradj Mark 

Individual Dressing Packets 

Surgical Gauze Absorbent Cotton Prepared Bandages 





Individual Dressing Packets for Emergency Use 
in First Aid 

Individual Dressing Packets furnish prompt, 
proper and adequate First Aid treatment in all 
emergencies, and prevent useless expense due to 
the waste of materials 
frequently encountered in 
the use of usual methods 

of furnishing first aid ma- ^/fy ^ 

terials. These Packets are i 

the most economical form i 

of First Aid treatment for 

the protection of workers wherever the services of 
physician or nurse are not immediately available. 

Each Individual Dressing Packet contains one or 
more First Aid Dressings or Treatments for a defi¬ 
nite injury; specially prepared, ready for instant 
use, complete in itself, and sufficient for the purpose. 
Compresses and bandages are ready prepared. 
There can be no waste in their use. Full directions 
are given on each Packet by words and pictures; 
they can be applied instantly by anyone. This is 
the modem, most efficient, least wasteful and least 
expensive way to supply the best possible First Aid 
materials for male or female help in office, shop, 
factory or mine; for single or group workers; in 
minor and major injuries. 

The following list covers the Individual Dress¬ 
ing Packets prepared for standard use: 

No. 1 Packet—one 4-lnch compress 

No. 2 Packet—two 3-lnch compresses 

No. 2A Packet—one 3-inch compress 

No. 3 Packet—four 1%-inch compresses 

No. 3A Packet—one 1%-lnch compress 

No. 4 Packet—ten Iodine Ampoules 

No. 4A Packet—one Iodine Ampoule 

No. 5 Packet—ten Ammonia Inhalants 

No. 5A Packet—one Ammonia Inhalant 

No. 9 Packet—six tubes Borated Petrolatum 


No. 6A 
No. 7 
No. 8 
No. 8A 
No. 9 
No. 10 
No. 11 
No. 12 

No. 13 
No. 14 
No. 14A 
No. 15 
No. 16 
No. 17 
No. 18 


Packet—one tube Borated Petrolatum 
Packet—one triangular Bandage 
Packet—two Tourniquets 
Packet—one Tourniquet; one pair Forceps 
Packet—one Wire Splint 
Packet—one Bandage 
Packet—one Compress 

Packet—Eye Dressings—one Eye Cup; Boric Acid 
Tablets: three Vials Castor Oil 
Packet—Internal Remedies 
Packet—Ten Ampoules Chloramine—^T 
Packet—One Ampoule Chloramine—T 
Packet—1-inch x 6-yard Bandage 
Packet—2^-inch x 6-yard Bandage 
Packet—ten Drinking Cups 

Packet—Four Ampoules (2cc) Aromatic Spirits of 
Ammonia 

In addition to the above, Individual Dressing 
Packets will be designed to contain other than 
standard contents; any desired medication or any 
required form of dressing not included above can be 
prepared to meet the ne^s of any particular risks, 
or the recommendations of any surgeon, physician 
or nurse. 

Individual Dressing Packets with either stand¬ 
ard or specially prepared contents, may be put up in 
kits to be carried by lone or group workmen; and 
in cabinets for use on motor trucks, locomotives, 
in emergency hospitals, etc., etc. 

We invite 
inquiries re¬ 
garding spe¬ 
cially design¬ 
ed kits and 
cabinets and 
offer the ser¬ 
vices of our 
organization 
in preparing 
I.D.P. to meet 
your particu¬ 
lar require¬ 
ments. 


Individual Dressing Packets 
Standardized Kits 
Such as shown here prevent 
waste and provide prompt 
adequate first aid treat¬ 
ment right on the spot. 
Workmen use I. D. P. 
because they are 
handy and con¬ 
venient. The Kit 
at the left is for 
individual work¬ 
men, while the 
one at the right 
is for use where 
groups and gangs 
are working to¬ 
gether. 
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HYGIENIC FIBRE COMPANY. 


FIRST AID EQUIPMENT. 


Individual Dressing Packets 

Absorbent Cotton 

Surgical Gauze Prepared Bandages 


Individual Dressing Packets 
in Specially Designed Cabinet 
for Mines 

The cabinet shown at the 
right has been specially de¬ 
signed to meet the hazards of 
the average mine. The Pack¬ 
ets are enclosed in a metal, 
rust - proof cabinet; each 
Packet distinctly labeled and 
all arranged in logical order. 


The cabinet is well adapted 
for use in underground work¬ 
ings and offers first aid treat¬ 
ment of the most efficient 
character, in such easily ap¬ 
plied form that the most inex- 
I)erienced person can quickly 
and easily render first aid. 
The Individual Dressing 
Packet method permits econ¬ 
omies not possible with ordi¬ 
nary first aid cabinets because 
only the dressings actually 
needed are opened and used. 



Individual Dressing Packets Will Be Prepared to Meet the Requirements of Your Surgeon* 


Absorbent Cotton 
Surgical Gauze 
Prepared Bandages 

We operate a large laboratory for the prep¬ 
aration of Absorbent Surgical Dressings and can 
furnish these in all standard forms: 

Absorbent Cotton in 1 lb. rolls, and in 1 lb. 8 oz., 
4 oz., 2 oz. and 1 oz. cartons. 

Surgical Gauze in 100 yd. Oval Rolls or Flat 
Folds, 36 in. wide; and in 5 yd. and 25 yd. cartons. 

Prepared Bandages in 10 yd. lengths and in 
1 in. to 4 in. widths. 

Hygienic-Made Cotton, Gauze and Bandages are 
well known and used extensively in hospitals every¬ 
where. They are prepared in a sanitary sunlit 


laboratory, are always of first quality and sold on 
a “Best by Test” basis. We solicit your inquiries 
for Cotton, Gauze and Bandages and will be glad 
to quote current prices. 



HYGIENIC FIBRE COMPANY 
First Aid Department 

200 Broadway New York City 
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790 RACKS AND LOCKERS. 


DURAND STEEL LOCKER COMPANY. 


DURAND STEEL LOCKER COMPANY 

1845 Park Bldg. 1545 Fort Dearborn Bank Bldg. 1545 General Motors Bldg. 

NEW YORK CHICAGO DETROIT 

Steel Racks and Lockers 


Durand Steel Lockers 

Durand Steel Lockers, made up in several types, 
single and double tier, provide for sanitary, safe 
storage of clothing and personal effects. They are 
characterized by strength, simplicity of design, and 
efficiency of operation. 

Locker doors are of No. 16 U. S. S. gauge fully 
pickled and patent leveled steel; body of No. 22 
U. S. S. gauge one pass cold rolled sheet steel. 
Doors are hung in a rigid frame composed of 
IxlxV^ inch angles, oxyacetylene welded. Doors 
may be furnished .perforated or with pressed 
(louvre) ventilation slots. 



Typical Locker Room 


The Durand Hinge consists of only two parts, a 
stationary staple of 3/16 inch steel riveted through 
the steel angle frame, and a rotating hinge, blanked 
solid out of 9/64 inch cold rolled steel, pierced for 
the staple to pass through it. This is the strongest 
and yet the least conspicuous locker hinge made. 

The Durand Multiple Locking Device locks the 
door at three points, and is operated by a simple 
and efficient handle. Yale locks, with flat or 
grooved keys, or padlocks furnished. 

Finish is olive green; steel is thoroughly cleaned 
and two coats of enamel are applied by dipping and 
are baked separately. 

All lockers are shipped knocked down and may 
be erected by ordinary labor, or on large installa¬ 
tions we can send our mechanics to the building. 

Double tier lockers are regularly furnished 12", 
15", 18" wide by 12", 16", 18" deep by 36" or 48" 
high. Single tier lockers are regularly furnished 
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12", 15", 18" wide by 12", 15", 18", 24" deep by 
60" or 72" high; also 24" wide in 72" high locker. 



Type F.L.S. Single Tier Locker 


Where a locker is desired with special facilities, 
we can furnish: 

Wardrobe locker of extra width, with hat shelf 
and coat rod. 

Hat and coat combination with one compart¬ 
ment for coats and six smaller compartments for 
hats. 

Divided locker, regular standard with extra 
partition, for sep¬ 
arate hanging of 
street and shop 
clothes. 


Steel 

Storage 

Lockers 

The Durand 
Steel Storage 
Locker is inval¬ 
uable for the 
safekeeping of 
files, records, etc., 
such as are too 
bulky to store in 
the ordinary 
safe; also for 
storing valuable 
plans, patterns, 
dies, gauges, or 
delicate instru¬ 
ments. 
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DURAND STEEL LOCKER COMPANY. 


STEEL RACKS AND LOCKERS. 


Durand Steel Racks 

Durand Standard Steel Racks are easily ad¬ 
justable by hand to form compartments of prac¬ 
tically any size or proportions, with the aid of 
dividers, bin fronts, or Durand Steel Boxes for 
minute articles. Counters, backs, and label holders 
also can be furnished. 

Durand Skeleton Racks form open boltless 
structures for the storage of packaged stock. 

Both Standard and Skeleton types have sus¬ 
tained loads of 1000 lbs. per sq. ft. without exceed¬ 
ing their bending strength, and will carry an 
unevenly distributed load of 200 to 400 lbs. per 
sq. ft., depending on their area. 



in uprights. Crosswise bearers are l"x%"xV&" 
angles with tapered notches that wedge on the 
lengthwise bearers and lugs that engage the slots 
in the upright tubes. 

Shelves are of No. 16 U. S. S. gauge steel 
danged downward 1" and back 5/16" at the front 
and back, and downward 1" at the sides. 



Steel Racks With Larg^e Compartments 


Practically every storage problem can be met 
with Durand Steel Racks and Shelving. Hiey save 
floor space and time of employees; they are clean, 
sanitary, and fire-proof; they are easily rearranged 
or removed; and they are a permanent asset of 
equipment. 


Uprights are composed of 1%" square tubes of 
No. 16 U. S. S. gauge steel, punched on S" centers 
for shelf adjustment. 

Lengthwise bearers are rolled steel bars 

grooved at the ends to be a wedging fit in slots 


Send for Catalogue O, or consult with our engi¬ 
neers regarding your special storage problems. 
The Durand Steel Locker Company is always ready 
to prepare layouts, plans and specifications and to 
submit estimates for steel locker or rack and shelv¬ 
ing equipment. 



Steel Racks Solve All Storage Problems 


MINING CATALOG 


SECTION XXII 


Digitized by LjOOQie 






clothes hangers. 


JAMES H. CHANNON MFG. CO. 


JAMES H, CHANNON MFG. CO 

225-227 West Eric Street, CHICAGO, U. S. A, 


Equipment for 




Mines and Quarries 


For Wash and Change Houses—For Mine, Mill and Factory 

Mine operators everywhere have proved to themselves that it pays to give attention to hygienic 
working conditions, on which depend health, comfort, contentment and good feeling, regularity of attend¬ 
ance and maximum production. 



UNION SANITARY CLOTHES HANGERS 


Consequently, the James H. Channon Original “Union” Sanitary Clothes 
Hanger is rapidly displacing the stuffy, ill-ventilated, germ-breeding steel 
locker. 

Its practical advantages are self-evident: The stout, rust-proof basket, 
deep and capacious, holds the workman’s lunch and valuables in safety. 
The ample, rust-proof four-prong hook spreads his damp clothing to the 
fresh, warm, drying air. The sturdy sherardized chain (tested to 1,000 
pounds) hoists all to the ceiling, where the air-currents are warmest. The 
strong padlock secures the outfit from molestation. 

The illustration shows a standard Hanger unit, which includes thirty 
feet of chain, the length that meets average requirements (for 16-foot 
ceiling). 

Y 

The saving, as against steel-locker installation, is about three-quarters 
in first cost; and about two-thirds in floor-space required. The Hanger effects 

y o a further large saving in repair-cost; for when a workman forgets his key 
1 jlo and pries the steel locker open with a pick, the repair-cost is greater than the 
JJn entire “Union” Hanger unit. Fire-risk from spontaneous combus- 

tion is eliminated, and from pipes left in clothing greatly diminished. 

Whether or not your State or Province has le^slation making Hanger or 
ient''®Fre?'on Locker provision for workmen compulsory, self-interest will suggest that 

you investigate this, by far the best and cheapest high-grade Wash-Room 
Equipment. 

Correspondence is invited—from Mine Operators, Industrial Engineers, and Architects. Model 
Wash-Room Layout will be sent on requent. 


HOISTING EQUIPMENT OF ALL DESCRIPTIONS 


No. 30—CAST-raON FRAME 



Iron Frame Winch 


I'l.inn ter.and 
I/cngth of 
Dnim 
5x18“ 

5 X 24 

6 X 21 
6 X 30 
9 X 16 


20-16 and 4 
20-16 and 4 
20-16 and 4’. 
24-16 and 4^. 
24-16 and 4 


Wood Frame Winch 


We can furnish many other styles and sizes, 
power derricks of all descriptions. 


Guy and stiff leg derrick irons for power and hand 


WRITE FOR OUR GENERAL CATALOGUE, NUMBER 60 
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HOWE FIRE APPARATUS CO._FIRE FIGHTING EQUIPMENT, 


HOWE FIRE APPARATUS CO. 

ANDERSON, INDIANA 

NEW YORK—30 E. 42nd St. UPTON, MASS.—15 Grove St. 

Fire Apparatus and Portable Pumps 


The Howe-Ford 

The Howe-Ford Fire Engine is especially well 
adapted for mining towns with their hilly unpaved 
streets, blocks of one- and two-story houses, and 
volunteer firemen. 

The double power transmission gives this ma¬ 
chine four speeds forward and two reverse; doubles 
the power on all the regular Ford speeds; gives 
power to go over bad roads and up hill with a full 
load where the ordinary Ford fire-truck would be 
helplessly stalled. 

Often mining towns are not permanent. For 
them the Howe-Ford has ample power, capacity 
and speed at a minimum cost. 

Our piston pump will throw one, two and three 
streams higher than a four-story building and will 
boost a weak, ineificient stream to 125 pounds 
pressure, which is considered abundant for towns 
with buildings ijot over four or five stories. 

Our booster pump chemical is considered the 
most reliable and satisfactory chemical made for 
volunteer fire companies. It will not freeze in the 
coldest weather and as it contains no sulphuric 
acid it is perfectly safe for volunteer firemen to 
use. The supply is practically inexhaustible. It 
carries a higher and steadier nozzle pressure than 
does the acid chemical. The agitation of the chem¬ 
ical fluid is automatic and constant while the stream 
is in operation. The machine is built to carry, 
besides the pump: chemical equipment; 750 to 1,000 
feet of fire hose; a complete outfit of ladders and 
firefighting tools; and six to eight firemen. 

It is an indisputable fact that the universal Ford 
is the most easily operated machine. Supplies and 
repairs are more readily and economically obtained 
than for any other automobile. Therefore it is the. 
best suited for the volunteer firemen in the smaller 
cities and towns. 


The Howe-Reo 

The Howe-Reo is a combination pumper- chemical 
engine- and hose- 
equipment designed 
for the towns that 
want extra power, 
capacity and speed 

at a moderate price. Howe-Reo Pumper 




Gasoline and Steam Engine, Horse- and Hand- 
Drawn Pumpers at Bargain Prices 
We always have used pumpers which we have 

taken as part pay¬ 
ment on new equip¬ 
ment and have re¬ 
built to be sold at 
bargain prices. They 
have a capacity of 
ten barrels per min¬ 
ute and upwards; 
will carry a pressure 
,, of 100 to 150 pounds 

Horse-Drawn Pumper powerful 

streams 125 to 150 feet. They are ideal for pump¬ 
ing out flooded mines, sumps, etc. 


Howe Double-Power Transmissions for Commercial 
Trucks 

The ordinary Ford must be loaded light enough 
for the steepest grade of the worst piece of road to 
be traveled. With the Howe-transmission however, 
the power is doubled and the efficiency of the truck 
increased accordingly and on a Ford commercial 
car will pay its cost in a few months. We furnish 
the transmission with shortened radius rods, drive 
shaft and housing, so any garage can install it in a 
short time. 



Howe-Ford Triple Combination—Model HTS 
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FIRE AND WATER HOSE. 


THE B. F. GOODRICH RUBBER CO. 


THE B. F. GOODRICH RUBBER CO. 


Branches 
Atlanta, Ga. 
Baltimore, Md 
Boston, Mass. 
Buffalo, N. Y. 
Chicago, ni. 
Dallas, Texas 
Denver, Colo. 


AKRON, OHIO 

Branches 
Detroit, Mich. 
Kansas City, Mo. 
Los Angeles, Cal. 
New York, N. Y. 
Philadelphia, Pa. 
San Francisco, Cal. 
Seattle, Wash. 



THE INTERNATIONAL B. F. GOODRICH CORP. 
London Capetown Singapore 


Fire Protection and Water Hose 


Mechanical Rubber Goods of Every Description 

For Transmission Belts, see pages 206 and 207; for Conveyor and Elevator Belts, see pages 662 to 666; 
for Air Drill Hose, see pages 303; for Steam Hose and Packing, see pages 190 and 191. 


Hose For Fire Protection 

Hose for fire protection purposes should be 
chosen with these ideas in mind: 


1. Is it likely to be used 
fairly often, or is the dan¬ 
ger of fire slight? 

2. Is it to be used under 
high pressure, or under or¬ 
dinary hydrant pressure? 

3. Is it exposed to mois¬ 
ture or to fumes of an in¬ 
jurious nature to the cotton 
jacket? 

The type of hose you 
will choose will be largely 
dictated by these considera¬ 
tions, and we have tried to 
indicate in describing our 
various brands, what that 
choice should be. 




closely woven, high grade jackets provide ample 
strength to resist high pressures, and the tube is 
of a quality that will resist to the utmost the de¬ 
teriorating influences of 
time. It should be your 
choice for outside use in 
connection with fire hy¬ 
drants. 


Mainstay Sinsde Jacket 

This is our highest 
grade single jacket hose— 
built to withstand heavy 
wear and abuse without 
showing signs of distress. 
It has an even higher qual¬ 
ity tube than SUMMIT, 
and its life, even when 
racked up for months at a 
time without being used, is 
remarkable. 


All cotton rubber lined mill and fire protection 
hose should be tested regularly, at least once a 
month, by taking it from the rack, and giving it an 
actual service test under normal pressure. Rubber, 
when held too long in one position has a tendency to 
set; thus the tube of a fire hose, after being folded 
in a rack for som^months is apt to crack when 
straightened out. This can be avoided, and the 
life of the hose materially len^hened, by the sim¬ 
ple expedient of a regular service test. 

After testing, or using cotton rubber lined hose 
it should be carefully dried out before being racked 
up again, as any moisture remaining in the jacket 
is apt to cause mildew and rotting. Neglect of 
this simple precaution has ruined many a good 
piece of hose. 


Summit Double Jacket 

SUMMIT is a substantial double jacket hose for 
use where high pressures are the rule. The two 


Commander Single Jacket Rubber Covered 

COMMANDER has been designed particulaiiy 
for use where excessive moisture would quickly 
cause mildewing of the jackets of ordinary hose, 
or where acid fumes are present. It is a high 
grade single jacket tsrpe of hose with the cotton 
jacket protected by an outside rubber cover. It 
has proven most efficient in its particular field, and 
we recommend it for all such conditions. 
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THE B. F. GOODRICH RUBBER CO. 


FIRE AND WATER HOSE, 



TKAOE MARK 


Fire Protection and 
Water Hose 



TRADE MARK 


Many people make the mistake of supposing 
that anything that will not leak will make a satis¬ 
factory water hose. This is far from the truth, 
for the problems encountered in water hose service 
are just as numerous and difficult of solution as 
those met with in any other line of service. 

Practically all water hose is subject to more or 
less external wear and abuse and this factor should 
be taken into consideration in determining the qual¬ 
ity to be purchased. 

Goodrich Brown Water Hose 

This is as high a grade of water hose as it ia 
possible to produce and one which has made excep¬ 
tional service records in many and varied indus¬ 
tries. It is of the combination type, consisting of 
several plies of stout fabric wrapped around the 
tube with a continuous seamless ply braided over 
this carcass and the whole protected by a tough 
brown cover. It will stand up and deliver service 
long after the ordinary water hose has been con¬ 
signed to the scrap heap. 
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Triton Brand 

Triton Hose is practically the equivalent in con¬ 
struction of Goodrich Brown Water Hose except 
that it is of the standard wrapped type and does 
not have the exceptional brown cover. It is the 
highest grade standard type water hose produced. 



Cascade Brand 

Cascade Brand is a splendid quality wrapped 
hose for service where operating conditions are not 
so severe as to demand Goodrich Brown Water or 
Triton. It will give service far beyond that of 
most competitive hose. 

.rVkron Brand 

For those who prefer the braided type with the 
advantage of always being able to secure continu¬ 
ous lengths up to 500 feet, Akron will prove en¬ 
tirely satisfactory. It has the quality of both tube 
and cover necessary to meet severe operating con¬ 



ditions and a fabric strength sufficient to with¬ 
stand high pressures. The fact that the fabric 
body is made of continuous seamless braids, elimi¬ 
nates any possibility of unwrapping due to the 
wearing off of the cover and loosening of the ad¬ 
hesion between the plies or braids. 


HOSE COUPLINGS 


Next to the choice of the proper hose for the 
service the most important thing is to make sure 
that the couplings are properly attached. A ma¬ 
jority of hose troubles can be laid to faulty attach¬ 
ments of couplings, and it is with the idea of cor¬ 
recting these abuses that we are prompted to give 
the following hints: 

(1) Remove all burrs or sharp points from stem 
of couplings or nipple. Round off end of stem so 
as not to cut tube. 

(2) Coat the stem which is to be inserted into 
the hose, also the inside of the hose at the ends, 


with rubber cement, shellac, or soap and insert 

without delay. 

(3) Fasten coupling or nipple in a vise, apply 
the rubber cement, shellac or soap, and then draw> 
the hose over the coupling. 

(4) If the stem of the coupling is too large to 
enter the hose do not cut away any portion of thei 
tube to make the hole larger. Instead, it would be 
preferable and safer to either purchase couplings 
with right size stem or turn the stems down on a 
lathe. 
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^ THE FOLLOWING MANUFACTURERS and DEALERS 
^ ARE REPRESENTED IN THIS SECTION 


General Machinery, Shop 

and Repair 


A THE A 
MINING 
kCAXUOCi 


FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12 


Allan Mfg. 8 Welding Corp. 
American Brass Co. 

Bradley, C. C. Son, Inc. 

Chicago Pneumatic Tool Co. 

Hauck Manufacturing Co. 

Imperial Brass Mfg. Co., The 
International Nickel Co., The 
Linde Air Products Co., The 
Morse Bros. Machinery Supply Co 
Oxweld Acetylene Co. 

Prest-O-Lite Co., Inc., The 
Salt Lake Hardware Co., The 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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Shop Wrinkles 


RACK FOR HEAVY MATERIALS 


A good rack for holding heavy materials, such 
as pipe, bars, and angles, and even lumber, may 
be made as follows: Bore holes in as many posts 
as desired at an angle that will be found to be 
convenient; insert short pieces of pipe of suitable 
length in the holes thus made; and fasten the ver¬ 
tical timbers both at the top and bottom. This 
will give a good serviceable rack. By boring holes 
from opposite sides and having “shelves” on both 
sides, it is evident that the rack will be better 
balanced than where one side only is used. 

—By W. F. Schaphorst. Written for Eng*. & Mng. Journal. 


BOLT AND NUT TRAYS 


In a mill that I recently visited the master me¬ 
chanic had taken a lot of old elevator buckets and 
nailed them against the wall to hold the various 
sizes of bolts, nuts and washers for which there 
was constant use. A small hole had been bored 
in the bottom of each bucket, so that if water acci- 
dentally got in it would run out. Small-size 
buckets were used for the small-size hardware and 
big buckets for the large. The wedge shape of 
the buckets makes it possible to put them closer 
together and to get into them more conveniently 
than any other form of tray that I have seen. 

—By Donald M. Liddell. Written for Eng. & Mng Journal. 


A HANDY GEAR REDUCTION 


When a slow revolving motion is needed, it is 
at times difficult to find anything suitable. A 
handy gear reduction can be made out of a tool 
grinder. A pulley disk of any size can be clamped 
in place of the emery wheel, and another disk, a 
pulley, or agitator arms can be attached to the 
shaft in place of the crank. By using different 
sizes of pulleys or disks made of wood or metal, 
nearly any speed ratio can be obtained. The gear 
reduction is usually 30 to 1. 

—By Charles Labbe. Written for Eng. & Mng. Journal. 


CEMENTS 


For Holes in Castings 

Sulphur in powder, 1 part; sal ammoniac, 2 
parts; powdered iron turnings, 80 parts. Make into 
a thick paste. Make only as required for use. 

* * * <» 

For Iron Ware 

Sulphur, 2 parts; fine black lead, 1 part. Heat 
sulphur in an iron pan until it melts, then add the 
l^d; stir well and remove. When cool break into 
pieces as required. Place upon opening of the ware 
to be mended and solder with an iron. 

* * « 

For Rust Joint 

(Quick Setting.) Sal ammoniac in powder, 1 
pound; flour of sulphur, 2 pounds; iron borings, 80 
pounds. Made to a paste with water. 
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(Slow Setting.) Sal ammoniac, 2 pounds; sul¬ 
phur, 1 pound; iron borings, 200 pounds. 

The latter cement is best if joint is not required 
for immediate use. 

* * * * 

For Uniting Leather and Metal 

Wash metal with hot gelatine; steep leather in 
an infusion of nutgalls, hot, and bring the two 
together. 

* * « * 

For Uniting Wood to Iron 

Finely powdered oxide of lead (litharge) and 
concentrated glycerine. This composition is in¬ 
soluble in most acids, is unaffected by action of 
moderate heat, sets rapidly, and acquires an ex¬ 
traordinary hardness. 

* * * * 

For Uniting Stone to Iron 

Take 10 parts of fine iron filings, 30 parts of 
plaster of paris, and one-half part of sal ammoniac; 
mix with weak vinegar to a fluid paste and apply at 
once. 

« « * * 

For Fastening Brass to Glass 

Knead resin soap with one-half its weight of 
plaster of paris. 

* * * * 

Fastening Copper to Sandstone 

Take 7 parts of white lead, 6 parts of litharge, 
6 parts of bole, and 4 parts of broken glass, and rub 
up with 4 parts of linseed oil varnish. 

« * * * 

Fire and Waterproof Cement 

Mix 10 parts of finely sifted unoxidized iroif 
filings and 6 parts of perfectly dry, pulverized clay, 
with vinegar spirit, by thoroughly kneading until 
the whole is a uniform plastic mass. If the cement 
thus made is used at once, it will harden rapidly and 
withstand fire and water. 


GLUES 


To Resist Moisture 

Glue, 6 parts; resin, 4 parts; red ochre, 2 parts; 
mixed with least practicable quantity of water. 

Or, glue, 4 parts; boiled oil, 1 part by weight; 
oxide of iron, 1 part. 

Or, glue, 1 pound, melted in two quarts of 
skimmed milk. 

* * * * 

Iron and Steel 

Clear mastic, 10 parts; camphor, 6 parts; 
sandarac, 15 parts, and elimi gum, 5 parts. Dissolve 
in alcohol, filter and apply cold. 

* * * * 

Marine Glue 

1 part of india rubber, 12 parts of mineral 
naphtha or coal tar. Heat gently, mix, add 20 parts 
of powder shellac. Pour out on a slab to cool. When 
used, to be heated to about 250 degrees. 
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Shop Wrinkles—Continued 


VARNISHES 


Iron and Steel 

Mercury, 120 parts; tin, 10 parts; green vitriol, 
20 parts; hydrochloric acid of 1.2 sp. gr., 15 parts; 
pure water, 120 parts. 

• w • • 

To Clean Varnish 

Mix a lye of potash or soda with a little powdered 
chalk. 


TO CLEAN BRASS 

(U. S. Government Method.) Make a mixture 
of one part common nitric and one-half part sul¬ 
phuric acid in a stone jar, having also a pail of 
fresh water and a box of sawdust. Dip the articles 
into the acid, then soak them in the water, and 
finally rub them in the sawdust, and they will take 
on a brilliant color. If the brass is greasy, it must 
be first dipped into a strong solution of potash and 
soda in water, and then rinsed, so that the grease 
may be removed, leaving the acid free to act. 

* * * * 

1 part Roche alum and 16 parts water. Mix. 
The articles to be cleaned must be made warm, then 
rubbed with the above mixture, and finished with 
fine tripoli. 

TO DRILL HARDENED STEEL 

Cover your steel with melted beeswax; when 
coated and cold, make a hole in the wax with a 
fine-pointed needle or other article the size of hole 
you require, put a drop of strong nitric acid upon it; 
after an hour rinse off and apply again; it will 
gradually eat through. 

A mixture of 1 ounce of sulphate of copper, I^ 
ounce of alum, teaspoonful of powdered salt, 1 
gill of vinegar and 20 drops of nitric acid will make 
a hole in steel that is too hard to cut or file easily. 


A small hole drilled at the end of a crack in sheet 
steel will stop it from growing longer. 


IN TURNING STEEL OR OTHER HARD METAL 


Use a drip composed of two parts pecroleum and 
one part turpentine. This will insure easy cutting 
and perfect tools when otherwise the work would 
stop, owing to the breakage of tools from the severe 
strain. 


ANNEALING STEEL 


For small pieces of steel, take a piece of gas 
pip^, 2 or 3 inches in diameter, and put the pieces 
in it, first heating one end of the pipe, and drawing 
it together, leaving the other end open to look into. 
When the pieces are of cherry red, cover the fire 
with sawdust. Use a charcoal fire and leave the 
steel in over night. 


MIXTURE FOR WELDING STEEL 


1 part sal ammoniac, 10 parts borax. Pounded 
together and fused until clear, when it is poured 
out, and, after cooling, reduced to powder. 
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TO TEMPER STEEL VERY HARD 

Water, 4 parts; flour, 1 part; salt, 2 parts; mixed 
to a paste. Heat the steel until a coating adheres 
when dipped into the mixture; then heat to a cherry 
red and cool in cold soft water. The steel will come 
out white and very hard. 

TO TEMPER STEEL ON ONE EDGE ONLY 

Dip the edge to be tempered into hot lead until 
proper color; then temper in ordinary fashion. 

TO SOFTEN STEEL 

Cover with clay, heat to a cherry red in a char^ 
coal fire, and let cool over night in the fire. 

CASE HARDENING 

Place horn, hoof, bone dust, or shreds of leather, 
together with the article to be case hardened, in an 
iron box subject to a blood red heat; then immerse 

the article in cold water. 

« » » « 

Case Hardming With Prussiate of Potash 

Heat the article, after polishing, to a bright red; 
rub the surface over with prussiate of iiotash; 

allow to cool to dull red and immerse it in water. 

* * * « 

Case Hardening Mixture 

Three parts of potash, one part sal ammoniac; 
or one part prussiate of potash, two parts sal am¬ 
moniac, two parts bone dust. 

A SOLDERING ACID THAT WILL SOLDER 
CAST IRON, STEEL, OR IRON OF ANY 
KIND. WILL NOT RUST AS 
OTHER ACIDS 


In one pint of muriatic acid, dissolve all the sheet 
zinc it will take up, then strain off the acid and put 
in as much concentrated ammonia as will turn the 
acid white like milk; shake this well and then put in 
half an ounce of sal ammoniac, half dram spirits of 
turpentine and three drams of alcohol, shake well 
and keep corked while not using. This will flow 
better than any other for soldering. 

TO SOLDER WITHOUT HEAT 

Brass filings, 2 ounces; steel filings, 2 ounces; 
fluoric acid % ounce. Put the filings In the acid and 
apply the solution to the parts to be soldered after 
thoroughly cleaning the parts in contact, then dress 
together. Do not keep the fluoric acid in glass bot¬ 
tles, but in lead or earthen vessels. 

TO MAKE IRON TAKE A BRIGHT POLISH 
LIKE STEEL 

Pulverize and dissolve the following articles in 
one quart hot water: blue vitriol, one ounce; borax, 
one ounce; prussiate of potash, one ounce; charcoal, 
one ounce; salt, one-half pint; then add one gallon 
linseed oil; mix well; bring your iron or steel to the 
proper heat and cool in the solution. 

TO SHARPEN DULL FILES 

Immerse them in diluted sulphuric acid until 
cuts are sufficiently deepened. 
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THAWING FROZEN PIPES 

The best way to thaw out a frozen pipe is to 
take some old discard^ clothes, waste, old carpet, 
or an]rthing of that kind, and lay it on the pipe to 
be thawed out. Get hot water and pour on it. The 
cloth will hold the heat to the pipe and thaw it out 
in five minutes. 


MARKING SOLUTION 

To give iron or steel a bright copper surface 
which will show distinctly the lines drawn by 
scriber, dividers, surface gage, etc., apply a mark¬ 
ing solution composed of one ounce of copper sul¬ 
phate, four ounc^ of water, and alMut one 
teaspoonful of nitric acid. (One ounce is equivalent 
to about eight teaspoonfuls.) Heating small pieces 
of steel to a blue will give a similar surface. 


DRILLING HOLES THROUGH GLASS 

To drill glass, prepare a solution of camphor in 
turpentine and add some ether. While proportions 
are not very important, a good solution is made by 
taking spirits of turpentine oz., camphor 1 oz., 
and ether 3 drams. Break the tip from a 3-cornered 
file so as to have a sharp and very hard point, 
dip the tip of the file in the solution and give it a 
twisting motion on the glass where the hole is to 
be made. Use sufficient pressure to cut the glass 
but not to break it. Practice will soon enable you 
to do the trick. Work on odd pieces of glass till 
you get experience. Be very careful when the tip 
of the file is about to come through the glass. After 
the hole is made it can be enlarged to any size by 
a round file. Keep the glass constantly wet with 
the solution. 

HOW TO WRITE INSCRIPTIONS ON METALS 

Take four ounces of nitric acid and one ounce of 
muriatic acid; mix and shake well together, and it 
is ready for use. Then cover your metal surtace to 
be engraved with beeswax or soap; write your in¬ 
scription plainly in the wax clear to the metol; then 
apply the mixed acids with a feather or stick of 
wood, carelully filling each letter; let it remain 
from five to ten minutes, according to appearance 
desired; then throw on water, which stops the etch¬ 
ing process, and the inscription is completed. 

TO COPPER IRON OR ZINC 

Brine water, three quarts; sulphate of copper, 
one pound. Mix, immerse the article, and let it 
remain till the color suits. Then wash and dry in 
sawdust. 


TO CLEAN ZINC 

Rub with a piece of cotton cloth dipped in kero¬ 
sene, afterwards with a dry cloth. 

Zinc, if pure, is malleable at 200 degrees; at 
higher temperatures, such as 400 degrees, it be¬ 
comes brittle. It is readily acted upon by moist air, 
and when a film of oxide is formed, it protects the 
surface from further action. When, however, the 
air is acid, as from the sea or large towns, it is 
readily oxidized to destruction. 


MINING CATALOG 


NOTES ON METALS AND ALLOYS 


In manufacture of alloys and compositions, the 

less fusible metals should be melted first. 

* « * ♦ 

In composition of brass, as proportion of zinc is 

increased so is malleability decreased. 

» * * » 

Tenacity of brass is impaired by addition of lead 
or tin. 

• * • • 

Steel alloyed with one five-hundredth part of 
platinum, or silver, is rendered harder, more 

malleable, and better adapted for cutting instru¬ 

ments. 

« * * « 

Solder is an alloy used to make joints between 
metals. It must be more fusible than the metals 
it is designed to unite, and is distinguished as hard 
and soft, according to the temperature of its fusing. 
The addition of a small portion of bismuth in¬ 
creases its fusibility. 

* * * « 

Brass is an alloy of copper and zinc, in propor¬ 
tions varying with purpose of metal required, its 
color depending ui)on the proportions of the mix¬ 
ture. It is rendered brittle by continued impacts; 
more malleable than copper when cold, but forging 
is impracticable, as its zinc melts at a lower tem¬ 
perature. Its fusibility is governed by its propor¬ 
tion of zinc. A small quantity of phosphorus gives 
it fiuidity. 

Bronze is an alloy of copper and tin; it is harder, 
more fusible, and stronger than copper. It is gen¬ 
erally known as gun-metal. 

* « « « 

Aluminum bronze contains 90 per cent, to 95 

per cent, of copper, and 6 to 10 per cent, aluminum. 

^ ^ ^ 

Phosphor bronze contains copper and tin and a 
small proportion of phosphorus. It wears better 
than bronze. 

Tin is a white, non-elastic metal, very malleable, 
and when alloyed with lead it forms pewter and 
solder; with small proportion of antimony, copper 
and bismuth, it forms block-tin, britannia, etc.; and 
united with copper in different proportions, it forms 

bronze, bell-metal and speculum-metal. 

* • * * 

Tin is more readily fused than any other metal, 
and oxidizes very slowly; it fuses at 442 degrees 
Fahrenheit, and has a specific gravity of 7.3. Its 
purity is tested by its extreme brittleness at the 

melting temperature. 

• • * * 

Tin-plate is iron or steel plate coated with tin; 
block-tin is tin-plate with an additional coating of 
tin. 

Iron, copper, lead and soot are very destructive 
of zinc, in consequence of the voltaic action gen¬ 
erated, and it should not be in contact with cal¬ 
careous water or acid woods. 

* * • * 

The best quality of zinc known is that of 
“Vielle Montagne,” and is composed of zinc, .995; 
iron, .004; and lead, .001. Its expansion and con¬ 
traction by difference of temperature is in excess 
of that of any other metal. 
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TREATMENT AND TEMPERING OF SMALL 
TOOLS 


In the use of chisels, gauges and other tools it 
is necessary to have these re-tempered continu¬ 
ously. In doing this three operations are necessary: 

1. Forging or annealing in order to refine the 
steel and bring it back to its original condition. 
Heat in a clear, even fire to a good red heat and 
forge it to shape with a hammer; as the red color 
is leaving the steel, refine the cutting edge of the 
tool with quick light blows from the hammer. Allow 
the tool to then cool off slowly in the air. 

2. Hardening. Heat the cutting end of the tool 
to a low, red heat. If heated higher, it will open 
the grain or crystallize the steel. When at the 
proper temperature, cool off rapidly by plunging 
into cold water. With small tools it is desirable 
that the cutting edge only be hardened and that the 
main portion of the tool be left soft and tough; 
therefore, only this cutting edge is cooled rapidly 
in the water. 

3. Tempering or making the hard steel lose its 
brittleness and become tough. Place the hardened 
tool in the furnace, or on a red hot piece of steel, 
or in hot oil and bring it up to the temperature re¬ 
quired as per table opposite; remove as soon as the 
color and temperature desired is reached and either 
cool off quickly or slowly, as it makes no difference. 
However, when the cutting edge only of small tools 
is hardened in cold water, the rest of the tool re¬ 
mains very hot; as soon as the cutting edge is 
cooled, polish with a piece of stone, and the heat 
from the main portion of the tool is transmitted to 
the cutting edge, which is tempered as shown by 


the colors appearing on it. In this case the tool 
must be plunged into cold water as soon as the 
proper color is gotten, otherwise heat will continue 
to be transmitted to the cutting edge, which will 
thus become brittle. 

The slower the tempering is done the better. 


KEAT AND TEMFEB 

COEOB8 OF STBBZi FBODUOBD 



BT HEAT 

Centigrrad^ 

Fahrenheitl 


Degrees 

Degrees 

Colors 

215.6 

420 

Very faint yellow 

221.11 

480 

Very pale yellow 

226.67 

440 

Light yellow 

231.11 

460 

Pale straw yellow 

237.78 

460 

Straw yellow 

243.34 
248..9 

470 

480 

Deep straw yellow 

Dark yellow 

264.46 

490 

Yellow brown 

260 

600 

Brown yellow 

266.66 

610 

Spotted red brown 

271.11 

620 

Brown purple 

Light purple 

Full purple 

276.67 

530 

282.23 

640 

287.78 

550 

Dark purple 

293.34 

560 

Full blue 

298.9 

670 

Dark blue 

316.66 

600 

Very dark blue 

400 

762 

Red Heat—^Visible in the dark 

474 

884 

Red Heat—^Visible in the twilight 

525 

977 

Red Heat—^Visible in the daylight 

581 

1077 

Red Heat—^Visible in the sunlight 

700 

1292 

Dark red 

800 

1472 

Dull cherry red 

Cherry red 

900 

1652 

1000 

1832 

Bright cherry red 

1100 

2012 

Orange red 

1200 

2192 

Orange yellow 

1300 

2372 

Yellow white 

1400 

2652 

White welding heat 

1500 

2732 

Brilliant white 

1600 

2912 

1 

Dazzling white (bluish white) 


TO SHARPEN REAMERS 


Use a stone on face and top of cutting edge, 
taking care to keep stone perfectly flat. 


TABU SKOWnrO WBIOKT PBB SQVABB BOOT OF BZTFEBBirT SHEET METAE8 


Thickness 
in Frac¬ 
tions of 
an Inch 

1 

Number 

of 

Gauge 

1 BIRMINGHAM GAUGE 1 

SPECIAL GAUGES 

Number 

of 

Gauge 

1 

1 Decimal 

1 of 

1 an Inch 

Sheet 

Iron 

Steel 

1 Copper 

1 Brass 

1 

j Sheet 

Zinc 

' Thickness 

1 Weight 

t 


1 .500 

20.141 

20.326 

23.125 

21.400 





.437 

17.623 

17.785 

20.234 

18.725 




% 


1 .375 

15.106 

15.244 

17.344 

16.050 

. 



A 


! .312 

12.588 

12.703 

14.453 

13.375 





i 

.300 

12.037 

12.198 

13,690 

12.840 

.002 

.07 

‘i 


2 

1 .284 

11.395 

11.647 

12.866 

12.155 

.004 

.15 

2 


3 

.259 

10.393 

10.530 

11.732 

11.085 

.006 

.22 

3 

ii 


.250 

10.070 

10.163 

11.662 

10.700 

• 




4 

.238 

9.649 

9.677 

10.781 

10.186 

.008 

.30 

4 


5 

.220 

8.827 

8.946 

9.966 

9.416 

.010 

.37 

5 


6 

.203 

8.145 

8.264 

9.195 

8.688 

.012 

.45 

6 

A 


. 187 

7.652 

7.622 

8.672 

8.025 





7 

.180 

7.222 

7.318 

8.154 

7.704 

.014 

.52 

7 


8 

.165 

6.620 

6.708 

7.474 

7.062 1 

.016 

.60 

8 


9 

.148 

5.938 

6.017 

6.704 

6.334 1 

.018 

.67 

9 


10 

.134 

5.376 

5.448 

6.070 

5.735 1 

.020 

.75 

10 

% 


.125 

5.035 

5.081 

5.781 

5.350 1 




ii 

.120 

4.815 

4.879 

5.436 

5.136 ) 

.024 

.90 

ii 


12 

.109 

4.373 

4.431 

4.937 

4.665 1 

.028 

1.05 

12 


13 

.095 1 

3.811 

3.862 

4.303 

1 4.066 

.032 

1.20 

13 


14 

.083 ' 

3.330 

3.374 

3.759 

3.552 ' 

.036 

1.35 



' 15 1 

.072 1 

2.889 

.2.927 

3.261 

3.081 1 

.040 

1.50 

• 

15 


1 16 1 

.065 1 

1 2.608 

I 2.642 

1 2.944 

1 2.782 1 

.045 

1.68 

16 


1 

1 .062 1 

2.517 

2.541 1 

2.890 

2 675 1 





17 1 

.058 1 

1 2.327 

1 2.358 

1 2.627 

2’.4S2 ' 

1 .050 

1.87 

ii 

1 

I 18 1 

.049 ! 

1.966 

1 .992 

2.219 

2.097 ( 

.055 1 

2.06 

18 


19 

.042 

1 1.685 

1 1.707 

1.902 

1.797 1 

.060 

2.25 

19 


20 

.035 1 

1.404 

1.4 23 

1.585 

1.498 

.070 

2.62 

20 


21 

.032 i 

! 1.284 

1.301 

1.449 

1.309 ' 

.080 

3.00 

21 


22 

.028 ' 

; 1.123 

1 1.138 

1.268 

1.198 1 

,090 

3.37 

22 


23 1 

1 .025 

1 1.003 

1 1.016 ! 

1.132 

1.070 1 

.100 

3.75 

23 

1 

24 I 

1 .022 1 

.882 1 

. 894 

1 .996 

1 .941 1 

.125 ! 

1 4.70 

24 


25 

1 .020 

' .802 

1 .813 

1 .906 

1 .856 

.250 

9.40 



26 

1 .018 i 

1 7 22 

1 .731 

.815 

1 .770 1 

.375 ! 

14.00 

26 


27 

' .016 1 

!642 1 

1 .6.50 

; .724 1 

1 .684 1 

.500 1 

18.75 

27 


28 

! .014 

' ..561 

i .569 

' .6.34 

1 .599 1 

1.000 

37.50 

28 


29 

' .013 

1 ..521 

1 .528 

.58 8 

1 .556 ' 



29 


30 I 

1 .012 

.481 

' .4 87 

1 .543 

' .513 ' 

1 . 


30 


31 I 

I .010 

‘ .401 

' . 406 

1 .453 

* .428 1 

1 . 


81 


32 

.009 

1 .361 

' .365 

1 .407 

1 .385 1 

1 . i 

1 . 

32 
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tab:le of azTSTS zv loo founds 

Approximate Number 


Diameter of Rivets 


Length 

llfetf 

% 

8/16 

34 

5/16 

% 

7/16 


% 

11/16 

% 

% 

1 


17500 

15900 

8000 

5100 

3200 

1900 







£ 

16000 

13800 

7000 

4500 

2900 

1800 



.... 





14400 

12200 

6300 

4100 

2376 

1476 

iios 

642 





% 

13500 

10900 

6700 

8700 

2190 

1371 

1030 

604 



.... 


1 

12600 

9800 

5200 

3400 

2084 

1280 

968 

671 

400 

345 



1^ 


11600 

9000 

4700 

3100 

1898 

1200 

910 

541 

382 

322 

208 



4 

10800 

8300 

4400 

2900 

1780 

1129 

862 

514 

365 

311 

206 


V 

; 

10000 

7600 

4100 

2700 

1676 

1066 

815 

489 

350 

295 

204 


V 


9300 

7100 

4000 

2500 

1582 

1010 

776 

462 

335 

284 

201 




8700 


3800 

2300 

1498 

960 

740 

446 

324 

276 

199 

132 

1 

L 

8100 

6300 

8500 

2200 

1424 

914 

707 

428 

311 

266 

192 

128 

IT 

4 

.... 

.... 

8400 

2000 

1356 

872 

672 

411 

302 

257 

185 

124 

• 


5600 

3000 

1900 

1295 

834 

648 

395 

298 

249 

178 

120 






1238 

800 

623 

381 

285 

240 

172 

116 



5666 

2800 

isoo 

1187 

768 

599 

867 

277 

233 

167 

112 





.... 

1139 

738 1 

577 

354 

269 

226 

162 

108 

2 ^ 


4600 

2500 

1700 

1095 

711 

556 

343 

261 

219 

157 

104 






1052 

687 

637 

832 

253 

212 

152 

100 



4200 

2300 

1500 

1017 

662 1 

519 

321 

245 

206 

148 

96 

2% 





982 

636 

503 

311 

237 1 

201 

144 

92 

S 


8900 

2200 

1400 

949 

611 

487 

302 

230 

196 

140 

88 

234 


3600 

2000 

1300 

890 

581 

459 

285 

218 

186 

132 

85 

In 


3400 

1900 

1200 

887 

548 

433 

270 

208 

177 

126 

82 



3200 

1800 

1176 

791 

519 

411 

257 

198 

168 

IzO 

79 








395 

250 

195 

165 

119 


4 


8000 

1700 

1100 

749 

400 

390 

244 

189 

161 

115 

77 

41 

4 


.... 

1600 

1050 

700 

.... 

372 

233 

180 

155 

110 

75 

43 

4 



1500 

1000 

650 


355 

223 

172 

149 

105 

73 

4% 



1476 

925 

625 


339 

214 

166 

143 

101 

71 

6 



1400 

900 

600 


325 

205 

160 

136 

97 

69 


i 



1850 

850 

576 


312 

1 197 

154 

131 

94 

67 

2 

1 



1300 

826 

550 

.... 

300 

190 

149 

127 

91 

65 



.... 

1260 

775 

525 


289 

183 

144 

123 

88 

63 


OB WBZOBT FBB 100 MAI 


BODT8 WZTK SQUAMB KBADS AND NUTS 


Diameter of Bolts 


Length 

% 

5/16 


7/16 


9/16 

% 

% 

% 

1 

1% 

1T4 


8 

7 

6.0 

9.0 

15.2 

19.6 

27.5 

34.3 

54.8 





2 

4 

2 

7.0 

10.5 

17.2 

22.2 

31.0 

38.4 

60.0 

90.8 




2% 

4 

8 

8.0 

12.0 

19.2 

24.8 

34.5 

42.5 

65.7 

99.1 

i48.2 

209.6 

277.0 

3 

5 

5 

9.0 

13.5 

21.2 

27.5 

38.0 

46.7 

71.4 

107.4 

159.0 

222.5 

293.5 

8^ 

6 

1 

10.0 

15.0 

28.2 

30.1 

41.5 

50.8 

77.1 

115.7 

169.8 

236.6 

310.0 

4 

6 

8 

11.0 

16.5 

25.2 

32.8 

45.0 

55.0 

82.8 

124.0 

180.6 

249.5 

826.5 


7 

4 

12.0 

18.0 

27.2 

35.4 

48.5 

69.1 

88.9 

132.3 

191.4 

268.0 

343.0 

5 

8 

1 

18.0 

19.6 

29.2 

38.1 

52.0 

63.8 

95.0 

140.6 

202.2 

276.5 

359.5 

5T4 

8 

7 

14.0 

21.0 

31.2 

40.7 

55.5 

67.4 

101.1 

148.9 

213.0 

290.0 

376.0 

6 

9 

4 

15.0 

22.5 

33.2 

43.4 

59.0 

71.6 

107.2 

157.2 

228.8 

803.5 

392.5 

6T4 

10 

1 

16.0 

24.1 

85.2 

46.0 

62.5 

76.7 

113.3 

165.5 

284.6 

317.0 

409.0 

7 

10 

8 

17.0 

25.7 

87.2 

48.7 

66.0 

79.9 

119.4 

173.8 

245.8 

330.5 

425.5 

7% 

11 

5 

18.0 

27.3 

39.2 

51.3 

69.5 

84.0 

125.5 

182.1 

256.2 

344.0 

442.0 

8 

12 

2 

19.0 

28.9 

41.2 

54.0 

73.0 

88.2 

131.6 

190.4 

267.0 

857.5 

458.5 

9 




82.1 

45.2 

59.5 

80.0 

96.5 

143.8 

207.0 

288.6 

885.5 

493.0 

10 




85.8 

49.2 

65.0 

87.0 

104.8 

156.0 

223.6 

310.2 

413.5 

527.5 

11 




38.5 

58.2 

70.5 

94.0 

113.1 

168.2 

240.2 

331.8 

441.5 

.562.0 

12 




41.7 

57.2 

76.0 

101.0 

121.4 

180.4 

256.8 

353.4 

469.5 

596.5 

18 





.... 

81.5 

108.0 

129.7 

192.6 

273.4 

! 875.0 

497.5 

631.0 

14 




.... 

.... 

87.0 

115.0 

138.0 

204.8 

290.0 

1 396.6 

525.5 

665.5 

15 





.... 

92.6 

122.0 

146.3 

217.0 

806.6 

1 418.2 

553.5 

^ 700.0 

16 



.... 


.... 

98.0 

129.0 

154.6 

229.2 

823.2 

1 439.8 

581.5 

734.5 

17 






103.6 

136.0 

162.9 

241.4 

339.8 

! 461.4 

609.5 

769.0 

18 





.... 

109.0 

143.0 

171.2 

253.6 

356.4 

483.0 

687.5 

803.5 

19 





.... 

114.5 

160.0 

179.6 

265.8 

373.0 

504.6 

665.5 

838.0 

20 






120.0 

157.0 

187.8 

278.0 

889.6 

526.2 

693.5 

872.5 

21 





.... 

126.0 

164.0 

196.1 

290.4 

406.5 

548.2 

721.5 

907.0 

22 





I .... 

131.0 

171.0 

204.4 

302.8 

428.4 

570.2 

749.5 

941.5 

28 






136.5 

178.0 

212.7 

316.2 

440.3 

592.2 

777.5 

976.0 

. 2i 






142.0 

185.0 

221.0 

327.6 

467.2 

614.2 

805.5 

1010.5 

25 





.... 

147.5 

192.0 

229.3 

340.0 

474.1 

636.2 

833.5 

1045.0 

26 





.... 

153.0 

199.0 

237.6 

352.4 

491.0 

658.2 

861.5 

1079.5 

27 



!!.. 


.... 

158.6 

1 206.0 

245.9 

364.8 

607.9 

680.2 

889.5 

1114.0 

28 





.... 

164.0 

1 213.0 

254.2 

377.2 

524.8 

702.2 

917.5 

1 1148.5 

29 



1 ! 


1 

169.5 

220.0 

262.5 

389.6 

641.7 

724.2 

945.5 

1183.0 

80 



1 .... 

1 

1 !!!! 

175.0 

I 227.0 

270.8 

402.0 

558.6 

746.2 

973.5 

1 1217.5 


STBENOTK OF WBOUOBT ZBON BODTS 


Diameter of Bolt 
in Inches 


Safe Load 
in Pounds 


H. 1000 

% . 1800 

% . 2750 

1 5000 

1% . 6250 

Iji . 8050 

. 10000 

IH .11800 

1% . 16750 

* . 20800 


A Solvent for Rust 

It is often very dif¬ 
ficult and sometimes 
impossible to remove 
rust from articles 
made of iron. Those, 
which are most thickly 
coated are most easily 
cleaned by being im¬ 
mersed i n a solution, 
nearly saturated, of 
chloride of tin. The 
length of time they re¬ 
main in this bath is 
determined by the 
thickness of the coat¬ 
ing of rust. Generally 
12 to 24 hours is long 
enough. The solution 
ought not to contain a 
great excess of acid, if 
the iron itself is not 
attacked. On taking 
them from the bath 
the articles are rinsed, 
first in water, then in 
ammonia, and quickly 
dried. The iron, when 
thus treated, has the 
appearance of dull sil¬ 
ver. A simple polish¬ 
ing gives it its normal 
appearance. 

« * * * 

To Loosen a Screw 
Rusted in Iron or 
Wood 

Heat a piece of iron 
and then place it 
against the head of the 
screw; the heat will 
cause the screw to ex¬ 
pand and break the 
rust, let it cool off, and 
the screw will contract 
again, and will then be 
easily removed. 


To Keep Machinery 
From Rusting 
Take one ounce of 
camphor; dissolve it 
in one pound of melted 
lard; take off the 
scum, and mix in as 
much fine black lead as 

_ will give it iron color. 

Clean the machinery 
and smear it with this mixture. After 24 hours, 
rub clean with a soft linen cloth. It will keep clean 

for months under ordinary circumstances. 

• • • • 

To Preserve Steel From Rust 

1 part caoutchouc, 16 parts turpentine. Dissolve 
with a gentle heat, then add 8 parts boiled oil. Mix 
by bringing them to the heat of boiling water; apply 
to the steel with a brush, in the way of varnish. It 
may be removed with turpentine. 
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Shop Data 

WaXOKT OF FXJLT ZBOH PBB UBBAl^ FOOT ZV FOTOZ>S 


THICKNESS IN INCHES 


Width 

in 

Inches 

1/16 

H 

8/16 


iA« 

% 

7/16 


% 1 

% 


1 

1 

.21 

.42 

.63 

.84 

1.05 

1.26 

1.47 

1.68 

2.11 

2.58 




.24 

.47 

.71 

.96 

1.18 

1.42 

1.66 

1.90 

2.87 

2.84 




.26 

.58 

.79 

1.05 

1.82 

1.68 

1.84 

2.11 

2.63 

8.16 

8.68 

4.2i 


.29 

.58 

.87 

1.16 

1.45 

1.74 

2.08 

2.88 

2.89 

8.47 

4.06 

4.62 


.82 

.68 

.96 

1.26 

1.68 

1.90 

2.21 

2.68 

8.16 

8.79 

4.48 

6.06 


.84 

.68 

1.08 

1.87 

1.71 

8.05 

2.89 

2.74 

8.42 

4.11 

4.79 

6.47 

1% 

.87 

.74 

1.11 

1.47 

1.84 

8.21 

2.68 

2.96 

8.68 

4.42 

6.16 

6.89 

2 

.42 

.84 

1.26 

1.68 

2.11 

8.68 

2.95 

8.87 

4.21 

6.05 

6.89 

6.74 


.47 

.95 

1.42 

1.90 

2.87 

8.84 

3.82 

8.79 

4.74 

6.68 

6.88 

7.68 


.58 

1.06 

1.58 

2.11 

2.68 

8.16 

8.68 

4.21 

5.26 

6.82 

7.87 

8.42 


.68 

1.16 

1.74 

2.88 

2.89 

8.47 

4.06 

4.68 

6.79 

6.96 

8.10 

9.26 

s 

.68 

1.26 

1.90 

2.58 

8.16 

8.79 

4.42 

6.05 

6.82 

7.68 

8.84 

10.10 


.68 

1.37 

2.05 

2.74 

8.42 

4.11 

4.79 

6.47 

6.84 

8.21 

9.68 

10.96 


.74 

1.47 

2.21 

2.96 

8.68 

4.42 

6.16 

6.89 

7.87 

8.84 

10.82 

11.79 


.79 

1.58 

2.87 

8.16 

8.96 

4.74 

6.68 

6.88 

7.89 

9.47 

11.06 

mnm 

4 

.84 

1.68 

2.68 

3.87 

4.21 

6.06 

6.89 

6.74 

8.42 

10.10 

11.79 

12.47 

4% 

.96 

1.90 

2.84 

8.79 

4.74 

6.68 

6.68 

7.68 

9.47 

11.88 

18.26 

16.16 

6 

1.05 

2.11 

3.16 

4.21 

6.26 

6.82 

7.87 

8.42 

10.68 

12.68 

14.74 

16.84 

6% 

1.16 

2.82 

8.47 

4.68 

5.79 

6.96 

8.10 

9.26 

11.68 

18.89 

16.81 

18.62 

6 

1.26 

2.68 

8.79 

6.06 

6.82 

7.58 

8.84 

10.10 

12.68 

16.16 

17.68 

20.21 

7 

1.47 

2.94 

4.42 

6.90 1 

7.86 

8.84 

10.82 

11.79 

14.74 

17.68 

20.64 

28.68 

8 

1.68 

3.86 

6.05 

6.74 1 

8.42 

10.10 

11.78 

18.48 

16.84 

20.20 

28.68 ! 

26.94 


For steel about 2 per cent, should be added to the weight. 


WBZOBT A» 8FB0ZFZ0 OBAWZTT OF MBTAM 



Weight 
Per. Cu. Ft 
Lbs. 

S" 

cu 

Specific 

Gravity 


.s! 

Weight 
Per Cu. In. 
Lb.. 

Specific 

Gravity 

Aluminum . 

168 

.094 

2.688 

Iron, wrought.. 

485 

.280 

7.78 

Aluminum, oast. 

419 

.242 

6.72 

Lead, cast. 

708 

.410 

11.36 

Bismuth ... 

611 

.853 

9.822 

Lead, rolled.... 

711 

.411 

11.41 

Brass . 

524 

.300 

8.40 

Mercury . 

849 

.492 

18.596 

Bronse . 

534 

.800 

8.661 

Platinum . 

1344 

.778 

21.581 

Copper, cast- 

587 

.810 

8.607 

Platinum, sheet 

1486 

.332 

23.000 

Copper, wire.... 

555 

.820 

8.9 

Silver, pure. 

664 

.879 

10.474 

Gold. 24 carat.. 

1808 

.697 

19.261 

Silver, standard. 

644 

.872 

10.312 

Gold, standard.. 

1106 

.638 

17.724 

Steel . 

490 

.284 

7.86 

flun Metal. 

528 

.304 

8.459 

Tin, cast. 

455 

.263 

7.291 

Iron, cast. 

450 

.260 

7.21 

Zinc . 

487 

.252 

7.1 


iaTBZ.8—WaZOXT FBB BQVMMM FOOT ZB FOirBZ>8 

Thickness, Inches 



1/16 

H 


% 


% 

% 

% 



Wrought Iron. 

Cast Iron . 

2 

58 

6.06 

10 

10 

15.16 

20 

21 

25 

27 

80 

31 

86.37 

40 

42 

2 

84 

4.69 

9 

38 

14.06 

18 

75 

28 

44 

28 

IS 

82.81 

87 

50 

Steel . 

2 

55 

5.10 

10 

21 

15.81 

20 

42 

25 

52 

30 

68 

86.73 

40. 

.88 

Copper . 

2 

89 

6.78 

11 

66 

17.84 

23 

18 

28 

91 

84 

69 

40.47 

46. 

.25 

Brass . 

2 

78 

5.47 

10 

94 

16.41 

21 

88 

27 

84 

82 

81 

38.28 

43. 

.76 

Lead . 

8 

71 

7.42 

14 

88 

22.25 

29 

67 

37 

08 

44 

50 

61.92 

69. 

.38 

Zinc . 

2, 

.84 

4.69 

9. 

.88 

14.06 

18. 

.76 

28. 

.44 

28. 

.13 

32.81 

87 

.50 


WBZOBT8 OF SQVABB ABD BOUBD BAB8 OF WBOVOBT ZBOB 

in Pounds Per Lineal Foot—Kent 


III 

III 

Weight of 
Square Bar 
One Foot 
Long 

Weight of 
Round Bar 
One Foot 
Long 

Thickness 
or Diameter 
in Inches 

Weight of 
Square Bar 
One Foot 
Long 

Weight of 
Round Bar 
One Foot 
Long 

Thickness 
or Diameter 
in Inches 

Weight of 
Square Bar 
One Foot 
Long 

Weight of 
Round Bar 
One Foot 
Long 

0 



2 

18.33 

10.47 

4 


58.88 

41.89 

1/16 

.013 

.010 

1/16 

14.18 

11.14 


1/16 

55.01 

43.21 

1/8 

.052 

.041 

1/8 

15.05 

11.82 


1/8 

56.72 

44.55 

3/16 

,117 

.092 

8/16 

15.95 

12.58 


3/16 

58.45 

45.91 

1/4 

.208 

.164 

1/4 

16.88 

18.25 


1/4 

60.21 

47.29 

6/16 

.326 

.256 

6/16 

17.83 

14.00 


6/16 

61.99 

48.69 

3/8 

.469 

.368 

8/8 

18.80 

14.77 


8/8 

63.80 

60.11 

7/16 

.638 

.501 

7/16 

19.80 

15.55 


7/16 

65.64 

51.65 

1/2 

.833 

.654 

1/2 

20.83 

16.36 


1/2 

67.60 

53.01 

9/16 

1.055 

.828 

9/16 

21.89 

17.19 


9/16 

69.39 

54.50 

6/8 

1.802 

1.023 

6/8 

22.97 

18.04 


6/8 

71.30 

56.00 

11/16 

1.676 

1.287 

11/16 

24.08 

18.91 


11/16 

78.24 

67.62 

3/4 

1.875 

1.478 

8/4 

25.21 

19.80 


3/4 

76.21 

69.07 

13/16 

2.201 

1.728 

18/16 

26.37 

20.71 


18/16 

77; 20 

60.63 

7/8 

2.552 

2.004 

7/8 

27.66 

21.64 


7/8 

79.22 

62.22 

16/16 

2.930 

2.801 

15/16 

28.76 

22.59 


15/16 

81.26 

63.82 

1 

3.383 

2.618 

3 

30.00 

23.56 

5 


83.33 

65.45 

1/16 

3.768 

2.955 

1/16 

31.26 

24.55 


1/16 

85.43 

67.10 

1/8 

4.219 

3.318 

1/8 

32.55 

26.67 


1/8 

87.56 

68.76 

8/16 

4.701 

3.692 

8/16 

33.87 

26.60 


8/16 

89.70 

70.46 

1/4 

5.208 

4.091 

1/4 

85.21 

27.65 


1/4 

91.88 

72.16 

6/16 

6.742 

4.610 

5/16 

36.58 

28.73 


6/16 

94.08 

78.89 

3/8 

6.302 

• 4.950 

8/8 

37.97 

29.82 


3/8 

96.30 

76.64 

7/16 

6.888 

5.410 

7/16 

89.39 

30.94 


7/16 

98.55 

77.40 

1/2 

7.600 

5.890 

1/2 

40.83 

32.07 


1/2 

100.8 

79.19 

9/16 

8.188 

6.392 

9/16 

42.30 

33.23 


9/16 

103.1 

81.00 

6/8 

8.802 

6.913 

5/8 

43.80 

34.40 


6/8 

105.5 

82.83 

11/16 

9.492 

7.455 

11/16 

45.33 

35.60 


11/16 

107.8 

84.69 

3/4 

10.21 

8.018 

3/4 1 

46.88 

36.82 


3/4 

. 110.2 

86.56 

18/16 

10.95 

8.601 

18/16 1 

48.45 

38.05 


13/16 

112.6 

88.45 

7/8 

11.72 

8.204 

7/8 

60.06 

39.31 


7/8 

116.1 

90.36 

16/16 

12.51 

9.828 

16/16 

51.68 

40.69 


15/16 

117.5 

92.29 







_6 


120.0 

94.25 


Table based on iron weighing 480 pounds per cubic foot. For steel add 2 per cent. 


SECTION XXIII 


EXPANSION AND CON¬ 
TRACTION 


Scarcely anythine: can 
withstand the expansion of 
iron. It expands from S2° to 
212“, about 1/900 of its 
length, which in 100 feet 
equals 1% inches. The ex¬ 
panding power of a 2" pipe 
when heated to a temperature 
of 100 pounds steam, or to 
338°, exerts a force sufficient 
to move 25 tons. 

Cast iron expands 1/162,- 
000 of its leng^ for each de¬ 
gree Fahrenheit. 

Wrought iron expands 
1/150000 of its length for each 
degree Fahrenneit. To find 
the expansion of a line of pipe 
multiply its length in in^es 
by the number of degrees of 
temperature applied and (U- 
vide the product by 150,000 
for required expansion in 
inches: thus 100'X12"=1200 
X 338° = 405600 -r- 150000 
=2.7 inches. 

Special attention, then, 
must be given to the expan¬ 
sion and contraction of pip^ 
and allowance made for it. 
Pipes and branches must be 
unconfined, esproially in the 
direction of their length. 

Expansion joints should 
not be used if the expulsion 
can be compensated for in any 
other way. 
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SHOP DATA. QAQ 


34375 ^ 

3125 ^ 

.28125 ^ 

365625 ^ 

.25 i 



Sheets 

Steel—^Divide the thickness, expressed in thou¬ 
sandths, by 26. llie result is the weight in pounds 
per square foot. 

Brass—^Add 11 per cent, to the weight of sheet 
steel. 

Copper—Add 10 per cent, to the weight of sheet 
steel. 

Bars and Plates 

Iron—Multiply contents in cubic inches by 
37777. Result will be weight in pounds. 

Steel—Multiply contents in cubic inches by 
.28332. Result will be weight in pounds. 

MINING CATALOG 


Copper—Multiply contents in cubic inches by 
.32118. Result will be weight in pounds. 

Brass—Multiply contents in cubic inches by 
.3112. Result will be weight in pounds. 

Lead—Multiply contents in cubic inches by 
.41015. Result wUl be weight in pounds. 

Zinc—^Multiply contents in cubic inches by 
.25318. Result will be weight in pounds. 

Tin—^Multiply contents in cubic inches by 
.26562. Result be weight in pounds. 

Aluminum—^Multiply contents in cubic inches 
by .09375. Result will be weight in pounds. 
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SHOP DATA, 


Shop Data 

V. 8. 8TAVDA&D 80BSW TKHEADS 


Inches 




Inches I Inches 


Square 

Inches 


Square 

Inches 


7/8 
31/82 
1 1/16 
1 1/4 
1 7/16 



1 8/16 
1 3/8 

1 9/16 
1 3/4 

1 15/16 

2 1/8 

2 6/16 
2 1/2 
211/16 

2 7/8 

3 1/16 
8 7/16 
818/16 

4 8/16 

4 9/16 
415/16 
6 6/16 
611/16 

6 1/16 

6 7/16 
618/16 

7 8/16 

7 9/16 
716/16 

8 6/16 
811/16 


(4 

-3 

Sit 

Long Diameter 
of Square Nut, 
Rough 

Inches 

1 

Inches 

37/64 

7/10 

11/16 

10/12 

61/64 

63/64 

9/10 

1 7/64 

1 

1 16/64 

1 1/8 

1 23/64 

1 7/32 

1 1/2 

1 7/16 

1 49/64 

1 21/32 

2 1/82 

1 7/8 

219/64 

2 3/82 

2 9/16 

2 6/16 

2 63/64 

2 17/82 

3 8/82 

2 3/4 

8 23/64 

2 81/32 

8 6/8 

8 3/16 

3 67/64 

8 18/32 

4 5/82 

8 6/8 

4 27/64 

4 1/16 

4 61/64 

4 1/2 

6 81/64 

4 29/82 

6 

6 8/8 

617/82 

6 18/16 

1 7 1/16 

6 7/64 

' 7 89/64 

6 21/32 

8 1/8 

7 8/32 

8 41/16 

7 9/16 

9 3/16 

7 81/82 

9 8/4 

813/82 

10 1/4 

8 27/82 

10 49/64 

9 9/32 

11 23/64 

9 23/32 

11 7/8 

10 6/82 

12 8/8 

10 19/32 

12 16/16 



815/16 
4 8/16 
4 7/16 
411/16 

416/16 
6 8/16 
6 7/16 
611/16 


WBXOKT 07 OOl 


KOS OABBZAOB BOBT8 WI T H 
NUTS 


BQUAmB 


n. 8. 8TAmA&D 878TBX 07 BOBT8 AHB B17T8 
As Beoomxnsnded hj the Brsaldin Xmtltats 


Table 8 I 10 WI 117 the Averaffe Weight in Founds of 100 Common 
Oanlare Bolts of Oises Enumerated 


Diameter 1 


1 1 

1 3/8 1 

[ 7/16 

1 1 

1 

1 

Length 

in 

Lbs. 

1 Lbs. j 

1 

Lbs. 

Lbs. 

1 Lbs. 

Lbs. 

1 Lbs. 

Inches | 









Diameter 
of Bolt 

Number of 
Threads 
per Inch 

Diameter 

of 

Hole in Nut 

Short 
Diameter 
of Nut 

1/4 

20 

.186 

1/2 " 

6/16'' 

18 

.240 

19/82" 

3/8 

16 

.294 

11/16" 

7/16" 

14 

.844 

26/82" 

1/2 " 

18 

.400 

7/8 " 

9/16" 

12 

.464 

81/12" 

5/8 " 

11 

.607 

1 1/16" 

3/4 " 

10 

.620 

1 1/4 " 

7/8 " 

9 

.781 

1 7/16" 

1 " 

8 

.887 

1 6/8 " 

1 1/8 " 

7 

.940 

1 18/16" 

1 1/4 " 

7 

1.066 

2 

1 8/8 " 

6 

1.060 

2 8/16" 

1 1/2 " 

6 

1.284 

2 8/8 " 

1 5/8 " 

6 1/2 

1.389 

2 9/16" 

1 3/4 " 

5 

1.490 

2 8/4 " 

1 7/8 " 

1 5 

1.616 

216/16" 

2 

4 1/2 

1.712 

8 1/8 " 

2 1/4 " 

4 1/2 

1.962 

3 1/2 " 

2 1/2 " 

4 

2.175 

8 7/8 " 

2 3/4 " 

4 

2.426 

4 1/4 " 

3 

3 1/2 

2.628 

4 5/8 " 

3 1/4 " 

3 1/2 

2.878 

6 " 

3 1/2 " 

3 1/4 

3.100 

6 8/8 " 

33/4" 1 

3 

3.317 

5 8/4 " 

4 " 

3 

3.566 

I 61/8" 

4 1/4 " 

2 7/8 

3.825 

6 1/2" 

4 1/2 " 

2 3/4 

4.027 

6 7/8 " 

4 3/4 " 

2 5/8 

4.256 

7 1/4 " 

5 

2 1/2 

4.480 

7 6/8 " 

5 1/4 " 

2 1/2 

4.780 

8 

5 1/2 " 

2 3/8 

6.063 

8 8/8 " 

5 3/4 " 

2 3/8 

5.208 

8 3/4 " 

6 

2 1/4 

5.423 



CONTBNT8 FBZiZi 
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SHOP DATA 


805 



IS Igsilo 

•5^ ij: »£ c5 

y O •^4-*.^ CS 


gcfc: 2 

fa 


A .015625 
.0208 
j0260 

A .03125 
.0365 
.0417 

A .046875 
.0521 
.0573 

^ .0625 
.0677 
.0729 

A .078125 
.0833 
.0885 

A .09375 
.0990 
.1042 

* .109375 
.1146 
.1198 

H 1250 
.1302, 
.1354 

A .140625 
.1458 
.1510 

A .15625 
.1615 
.1667 

« .171875 
.1771 
.#23 

A .1875 
.1927 
.1979 

4 .203125 
.2083 
.2135 

A .21875 
.2240 
.2292 

H .234375 
.2396 
.2448 

K 2600 




Sir 
iS “ 


2A 

A 


« 

2A 


2H 


.2552 3 A 
.2604 3Vi 

.265625 3A 
.2708 SH 
.2760 3A 

.28125 3H 
.2865 3A 
.2917 SH 

.296876 3A 
.3021 3H 
.3073 3H 

.3125 3H 
.3177 3H 
.3229 

.328125 3H 
.3333 4 

.3385 4A 

.34375 4H 
.3490 4A 
.3542 4^ 

.359375 4A 
.3646 4U 
.3698 4 A 

.3750 4 H 
.3802 4A 
.3854 4H 

.390625 4H 
.3958 4 H 

.4010 4H 

.40625 AJi 
.4115 4H 
.4167 5 

.421875 5A 
.4271 5H 
.4323 5A 

.4375 5K 
.4427 5A 
.4479 5H 

.453125 5A 
.4583 5H 
.4635 5A 

.46875 5H 
.4740 5H 
.4792- 5H 

.484375 5H 
.4896 5H 
.4948 5H 

.5000 6 


i} .515625 
.5208 
.5260 

.53125 

.5365 

.5417 

if .546875 
.5521 
.5673 

A .5625 
.5677 
.5729 

H .578125 
.5853 
.5885 

19 .59375 
.5990 
.6042 

i| .609375 
.6146 
.6198 

H .6250 
.6302 
.6354 

91 .640626 
.6458 
.6510 

91 .65625 
.6615 
.6667 

XI .671875 
.6771 
.6823 

H .6875 
.6927 
.6979 

a .703126 
.7083 
.7135 

11 .71875 
.7240 
7292 

U .734375 
.7396 
.7448 

H .7500 


6A H 

6M 

6A 

6A M 

SIf 

8S “ 

6^ 

fiH H 

7 

7A 

il" 

7.W J< 

m 

7H H 


r' 






8H 34 


.765625 

.7708 

.7760 


.796875 

.8021 

.8073 


.828125 

.8333 

.8385 


.859375 

.8646 

.8698 


1.0000 12 



Babbitt’s metal . 3.7 

Brass, common . 84.3 

Brass, hard . 79.3 

Brass, locomotive bearings 

Brass, rolled.. 

Brass, very tenacious..... 

Britannia metal .. 

Bronze, red .. 

Bronze, yellow . 

Bronze, gun metal, large... 

Bronze, gun metal, small.. 

Bronze, gun metal, soft_ 

Bronze, cymbals. 

Bronze, medals . 

Bronze, statuary .. 

Church bells . 

Clocks, musical bells. 

Clock bells . 

German silver . 

German silver, fine. 


House bells . 

Lathe bushes . 

Machinery bearings . 

Machinery bearings, hard.... 
Metal that expands in cooling 

Muntz metal, 10 oz. lead_ 

White metal .. 


RQ 

■6;2 10.5 

6.4 14.3 


Diameter 
of Drills, 
Inches 

Speed for 
Wrought Iron 
and Steel 

Speed for 
Cast Iron 

Speed for 
Brass 

1/16 

1712 

2383 

8544 

1/8 

855 

1191 

1772 

3/16 

571 

794 

1181 

1/4 

897 

566 

855 

5/16 

318 

452 

684 

3/8 

265 

377 

670 

7/16 

227 

328 

489 

1/2 

183 

267 

412 

9/16 

168 

238 

367 

5/8 

147 

214 

830 

11/16 

138 

194 

300 

3/4 

112 

168 

266 

18/16 

103 

156 

244 

7/8 

96 

144 

227 

15/16 

89 

184 

212 

1 

76 

116 

191 

1 1/16 

72 

108 

180 

1 1/8 

68 

102 

170 

1 8/16 

64 

97 

161 

1 1/4 

1 58 

89 

160 

1 5/16 

55 

84 

148 

1 8/8 

53 

81 

136 

1 7/16 

60 

77 

ISO 

1 1/2 

46 

74 

122 

1 9/16 

44 

71 

117 

1 5/8 

40 

66 

118 

1 11/16 

38 

68 

109 

1 8/4 

37 

61 

106 

1 13/16 

86 

59 

101 

1 7/8 

88 

66 

98 

1 15/16 

82 

68 

96 

2 

81 

61 

92 


These speeds should seldom be exceeded. Feed per 
revolution for 1/4 inch Drill, .005 inch; for 1/2-inch 
Drill, .007 inch; for 8/4-lnch Drill, .010 Inch. 

For Portable drilling Judgment must be used as to 
speed. 

SOZiDBBS 


Variety 


§ I I £ I I |£ 

5 s ^ 5 I |£ 


Spelter, hardest. 1 2 .. 

Spelter, hard . 2 8 .. 

Spelter, soft . 1 1 .. 

Spelter, fine. 2 2 94 .... 

Plumbers, coarse. 1 

Plumbers, ordinary. 1 

Plumbers, fine . 2 

Tinners . 1 

For Tin Pipe. 3 

For Tin Pipe. 4 


SOBDBBIVO nVXBS 


ABBOTS ASD OOMFOBZTZOB8 

There does not appear to be any standard rule among founders for 
alloys and compositions. The mixtures vary in proportion to the 
price and the purpose of the metal required. The following table of 
alloys may be taken as a fair standard._ 


Flux 

Used With 

Metals to be Joined 

Resin. 

Copper bit or 
blowpipe 

Lead, tin, copper, 
brass, and tinned 
metals 

Tallow, unsalted 

W^lng process, 
(jopper bit or 
blowpipe ..... 

Lead, tin or tinned 
metal 

Sal Ammoniac.. 

Copper, brass, and 
iron 

Muriatic Acid... 

Copper bit or 
blowpipe and 
copper bit 

Dirty zinc, clean sine, 
copper, brass, tin, 
and tinned metals 

Chloride of Zinc. 

Copper bit or 
blowpipe 

Lead and tin tubes 

Resin and Sweet 
Oil . 


Iron, steel, copper, 
and brass 

Borax . 

Blowpipe. 

Brass 


MBBTZBO POZBTB OF XBTABS, ZM FASBBBKBZT 

D egrees 

Alloy. 3 Lead, 2 Tin, 5 Bismuth. 200 

Alloy. 1 Tin, 1 Lead. 870-460 

Aluminum . 1,160 

Aluminum Bronze . 1,700 

Antimony . 950 

Bi.smuth . • 510 

Brass . 1,870 

Bronze . 1,690 

2,000 
2,020 
2,075 
2,264 


Copper 
Gold . . 


Iron, Cast (white) . 2,075 

Iron, Cast (gray) . 2,264 

Iron. Wrought . 3,000-3,500 

Lead . 610 

Magnesium . 1,200 

Mercury . 89 

Platinum . 3,500 

Steel . 2,370-2,550 

Silver . 1,860 

Tin . 445 

Zinc . 700 
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gQg SHOP DATA 


Shop Data 


TABU 07 MABBBT BZnS 07 8KBBT STBBB—OOIUKOB STBBXi 7UTB 


No. 

Size. 

No. 

Size. 1 

1 

j No. 

Size. 

No. 

Size. 

No. 

Size. 

No. 

Size. 

10 X 

24 

X 

96 

12 X 

24 

X 

96 

14 X 

26 

X 

120 

16 X 

36 

X 

120 

20 X 

42 

X 

96 

26 X 

24 

X 

96 

X 

24 

X 

120 

X 

24 

X 

120 

X 

28 

X 

96 

X 

36 

X 

144 

X 

42 

X 

120 

X 

24 

X 

101 

X 

26 

X 

96 

X 

26 

X 

96 

X 

28 

X 

120 

X 

42 

X 

96 

X 

48 

X 

96 

X 

24 

X 

120 

X 

26 

X 

108 

X 

26 

X 

120 

X 

30 

X 

96 

X 

42 

X 

120 

X 

48 

X 

120 

X 

26 

X 

96 

X 

26 

X 

120 

X 

28 

X 

96 

X 

30 

X 

108 

X 

42 

X 

144 





X 

26 

X 

120 

X 

28 

X 

96 

X 

28 

X 

120 

X 

30 

X 

120 

X 

48 

X 

96 





X 

28 

X 

72 

X 

28 

X 

120 

X 

30 

X 

96 

X 

36 

X 

77 

X 

48 

X 

120 

22 X 

24 

X 

96 

X 

28 

X 

84 

X 

30 

X 

96 

X 

30 

X 

120 

X 

36 

X 

96 

X 

48 

X 

138 

X 

24 

X 

101 

X 

28 

X 

96 

X 

30 

X 

108 

X 

36 

X 

96 

X 

36 

X 

120 

X 

48 

X 

144 

X 

24 

X 

120 1 

X 

28 

X 

108 

X 

30 

X 

120 

X 

36 

X 

108 

X 

36 

X 

144 





X 

26 

X 

96 

X 

28 

X 

120 

X 

36 

X 

96 

X 

36 

X 

120 

X 

42 

X 

96 





X 

26 

X 

120 

X 

30 

X 

96 

X 

36 

X 

108 

X 

36 

X 

144 

X 

42 

X 

120 

18 X 

24 

X 

96 

X 

28 

X 

72 

X 

30 

X 

120 

X 

36 

X 

120 

X 

42 

X 

96 

X 

48 

X 

77 1 

X 

24 

X 

120 

X 

28 

X 

84 

X 

36 

X 

96 

X 

36 

X 

144 

X 

42 

X 

120 

X 

48 

X 

96 

X 

26 

X 

96 

X 

28 

X 

96 

X 

36 

X 

120 

X 

42 

X 

96 

X 

48 

X 

77 

X 

48 

X 

108 

X 

26 

X 

120 

X 

28 

X 

108 

X 

42 

X 

96 

X 

42 

X 

120 

X 

48 

X 

96 

X 

48 

X 

120 

X 

28 

X 

96 

X 

28 

X 

120 

X 

42 

X 

120 

X 

48 

X 

77 

X 

48 

X 

108 

X 

48 

X 

138 

X 

28 

X 

120 

X 

30 

X 

96 





X 

48 

X 

96 

X 

48 

X 

120 

X 

48 

X 

144 

X 

30 

X 

96 

X 

30 

X 

120 





X 

48 

X 

108 

X 

48 

X 

138 

X 

48 

X 

156 

X 

30 

X 

120 

X 

36 

X 

96 

27 X 

24 

X 

96 

X 

48 

X 

120 

X 

48 

X 

144 

X 

54 

X 

77 

X 

36 

X 

96 

X 

36 

X 

120 

X 

24 

X 

101 

X 

48 

X 

138 

X 

48 

X 

156 

X 

54 

X 

96 

X 

36 

X 

120 

X 

42 

X 

96 

X 

28 

X 

96 

X 

48 

X 

144 

X 

54 

X 

77 

X 

54 

X 

120 

X 

42 

X 

96 

X 

42 

X 

120 

.X 

28 

X 

101 

X 

48 

X 

156 

X 

54 

X 

96 

X 

54 

X 

138 

X 

42 

X 

120 





X 

28 

X 

120 

X 

54 

X 

77 

X 

54 

X 

120 

X 

54 

X 

144 

X 

48 

X 

96 





X 

30 

X 

96 

X 

54 

X 

96 

X 

54 

X 

138 

X 

54 

X 

156 

X 

48 

X 

120 

24 X 

24 

X 

96 





X 

54 

X 

120 

X 

54 

X 

144 









X 

24 

X 

101 





X 

54 

X 

138 

X 

54 

X 

156 









X 

24 

X 

120 

28 X 

24 

X 

96 

X 

54 

X 

144 

X 

60 

X 

77 

16 X 

24 

X 

96 

20 X 

24 

X 

96 

X 

26 

X 

96 

X 

24 

X 

101 

X 

54 

X 

156 

X 

60 

X 

96 

X 

24 

X 

108 1 

X 

24 

X 

120 

X 

26 

X 

120 

X 

26 

X 

96 

X 

60 

X 

77 

X 

60 

X 

120 

X 

24 

X 

120 , 

X 

26 

X 

96 

1 X 

28 

X 

72 

X 

28 

X 

72 

X 

60 

X 

96 

X 

60 

X 

138 

X 

26 

X 

96 ' 

X 

26 

X 

120 

X 

28 

X 

84 

X 

28 

X 

84 

X 

60 

X 

120 

X 

60 

X 

144 

X 

26 

X 

108 i 

X 

28 

X 

72 

X 

28 

X 

96 

X 

28 

X 

96 

X 

60 

X 

138 

X 

60 

X 

156 

X 

26 

X 

120 

X 

28 

X 

84 

X 

28 

X 

108 

X 

28 

X 

108 

X 

60 

X 

144 1 





X 

28 

X 

96 

X 

28 

X 

96 

X 

28 

X 

120 

X 

28 

X 

120 

X 

60 

X 

156 





X 

28 

X 

120 

X 

28 

X 

108 

X 

30 

X 

96 

X 

30 

X 

96 

X 

72 

X 

96 

14 X 

24 

X 

96 

X 

30 

X 

96 

X 

28 

X 

120 

X 

30 

X 

120 





X 

72 

X 

120 

X 

24 

X 

108 

X 

30 

X 

108 

X 

30 

X 

96 

X 

36 

X 

96 





X 

72 

X 

138 ’ 

X 

24 

X 

120 

X 

30 

X 

120 

X 

30 

X 

120 

X 

36 

X 

120 

30 X 

24 

X 

96 

X 

72 

X 

144 

X 

26 

X 

96 

X 

36 

X 

77 

X 

36 

X 

96 

X 

42 

X 

96 

X 

30 

X 

96 

X 

72 

X 

156 

X 

26 

X 

108 

X 

36 

X 

96 

X 

36 

X 

120 

X 

42 

X 

120 


_ 




TABU 07 MABBBT SZnS 07 8KBBT 8TBBB—OOMIEOV STEEB 7BATB 


No. Size. 

No. Size. 

No. Size. 

No. Size. 

No. Size. 

8 X 28 X 96 

3-16 X 46 X 138 

1-4 X 42 X 120 

. 5-16 X 30 X 120 

3-8 X 30 

X 120 

X 30 X 96 

X 48 X 120 

X 42 X 138 

X 30 X 138 

X 36 

X 120 

X 30 X 120 

X 48 X 138 

X 44 X 98 

X 36 X 120 

X 36 

X 138 

X 36 X 96 

X 48 X 144 

X 44 X 120 

X 36 X 138 

X 40 

X 120 

X 36 X 120 

X 48 X 156 

X 44 X 138 

X 36 X 144 

X 40 

X 138 

X 36 X 138 

X 48 X 175 

X 44 X 144 

X 36 X 156 

X 44 

X 120 

X 40 X 96 

X 48 X 194 

X 44 X 156 

X 38 X 120 

X 44 

X 138 

X 40 X 120 

X 49 X 98 

X 46 X 120 

X 38 X 138 

X 48 

X 120 

X 40 X 138 

X 50 X 120 

X 46 X 138 

X 40 X 120 

X 48 

X 188 

X 42 X 96 

X 50 X 138 

X 48 X 98 

X 40 X 138 

X 48 

X 144 

X 42 X 120 

X 50 X 144 

X 48 X 120 

X 42 X 120 

X 48 

X 166 

X 48 X 96 

X 50 X 156 

X 48 X 138 

X 42 X 138 

X 48 

X 194 

X 48 X 120 

X 54 X 98 

X 48 X 144 

X 44 X 120 

X 50 

X 120 

X 48 X 138 

X 54 X 120 

X 48 X 156 

X 44 X 138 

X 50 

X 138 

X 48 X 144 

X 54 X 138 

X 48 X 194 

X 44 X 144 

X 54 

X 120 

X 48 X 156 

X 54 X 144 

X 50 X 120 

X 44 X 156 

X 54 

X 138 

X 54 X 96 

X 54 X 156 

X 50 X 138 

X 46 X 120 

X 57 

X 118 

X 54 X 120 

X 60 X 98 

X 50 X 144 

X 46 X 138 

X 60 

X 120 

X 54 X 138 

X 60 X 120 

X 50 X 156 

X 48 X 120 

X 60 

X 138 

X 54 X 144 1 

X 60 X 138 

X 64 X 98 

X 48 X 138 

X 60 

X 144 

X 60 X 98 

X 60 X 144 

X 54 X 120 

X 48 X 144 

X 60 

X 156 

X 60 X 120 

X 60 X 156 

X 64 X 138 

X 48 X 156 

X 60 

X 194 

X 60 X 138 

X 60 X 175 

X 54 X 144 

X 48 X 194 

X 65 

X 118 

X 60 X 144 

X 60 X 194 

X 54 X 156 

X 50 X 120 

X 721 

4 X 118 

X 60 X 156 

X 72 X 98 

X 54 X 194 

X 50 X 138 

X 721 

^ X 138 


X 72 X 120 

X 60 X 98 

X 50 X 144 

X 721 

^ X 144 

3-16 X 24 X 120 

X 72 X 138 

X 60 X 120 

X 50 X 156 

X 72H X 156 

X 26 X 120 

X 72 X 144 

X 60 X 138 

X 54 X 120 

X 72% X 194 

X 26 X 138 

X 72 X 156 

X 60 X 144 

X 60 X 98 

X 72% X 212% 

X 28 X 120 

X 72 X 175 

X 60 X 166 

X 60 X 120 

X 72% X 232% 

X 30 X 98 

• X 72 X 194 

X 60 X 176 

X 60 X 138 

X 96 

X 118 

X 30 X 120 


X 60 X 194 

X 60 X 144 

X 96 

X 212% 

X 30 X 138 


X 72 X 98 

X 60 X 156 

' X 96 

X 232% 

X 36 X 98 

1-4 X 24 X 120 

X 72 X 120 

X 60 X 176 



X 36 X 120 

X 26 X 120 

X 72 X 138 

1 X 60 X 194 

1-8 X 36 

X 120 

X 36 X 138 

X 26 X 138 

X 72 X 144 

X 72 X 120 

X 40 

X 120 

X 36 X 144 

X 30 X 98 

X 72 X 156 

X 72 X 138 

X 48 

X 120 

X 36 X 156 

X 30 X 120 

X 72 X 175 

X 72 X 144 

X 60 

X 120 

X 38 X 120 

X 30 X 138 

X 72 X 194 

X 72 X 156 

X 65 

X 118 

X 38 X 138 

X 36 X 98 

X 84 X 98 

X 72 X 175 

X 72% X 118 

X 40 X 98 

X 36 X 120 

X 84 X 120 

X 72 X 194 

X 72% X 138 

X 40 X 120 

X 36 X 138 

X 84 X 138 

X 84 X 120 

X 72% X 144 

X 40 X 138 

X 36 X 144 

X 84 X 144 

X 84 X 138 

X 72% X 156 

X 40 X 144 

X 36 X 156 

X 84 X 156 

X 84 X 144 

X 72% X 232 

X 40 X 156 

X 38 X 98 

X 84 X 175 

X 84 X 156 

X 96 

X 118 

X 42 X 120 

X 38 X 120 

X 84 X 194 

X 84 X 175 

X 96 

X 232 

X 42 X 138 

X 38 X 138 

X 96 X 98 

X 84 X 194 



X 44 X 98 

X 38 X 144 

X 96 X 120 

X 96 X 120 



X 44 X 120 

X 40 X 98 

X 96 X 138 

X 96 X 138 



X 44 X 138 

X 40 X 120 

X 96 X 144 

X 96 X 144 



X 44 X 144 

X 40 X 138 

X 96 X 156 

X 96 X 156 



X 44 X 156 

X 40 X 144 

X 96 X 176 

X 96 X 175 



X 46 X 120 

X 40 X 156 

X 96 X 194 

X 96 X 194 




SECTION XXIII MINING CATALOG 


Digitized by 


Google 









SHOP DATA. 


Shop Data 


WBZGHTII Am DZMBV8ZOV8 07 &BAD PZPB 


Western 

1 

Caliber, . 

Outside I 

Weight 

Average 

Western 

Caliber, 

! 

Outside 1 

1 

Weight i 

Average 

Standard 

Inches 

Diameter, 

per Foot, 

Feet in 

Standard 

Inches 

Diameter, 

per Foot, I 

Feet in 


1 Inches | 

Pounds 

Coll 



Inches 

Pounds 1 

Coll 






A 

1 1.17 

1.50 

112 

A 


0.49 

0.50 

140 

XL 


1.23 

2.00 

84 

XL 


0.52 

0.56 

124 

L 


1.27 

2.50 

67 

L 


0.57 

0.75 

94 

M 

1 

1.35 

3.25 

52 

M 

% 

0.61 

1.00 

70 

S 


1.43 

4.00 

42 

S 


0.73 

1.50 

93 

XS 


1.49 

4.75 

35 

xs 


0.75 

2.00 

70 

XXS 


1.56 

5.50 

58 

xxs 


0.79 

2.50 

56 

7 lb. 


1.66 

7.00 

45 

A 


0.64 

0.63 

280 

A 


1.43 

2.00 

84 

XL 


0.66 

0.75 

230 

XL 


1.49 

2.50 

67 

L 


0.70 

1.00 

175 

L 


1.53 

3.00 

56 

M 


0.75 

1.25 

140 

M 


1.58 

3.75 

85 

S 


0.85 

1.75 

100 

S 


1.66 

4.75 

67 

AA 


0.89 

2.00 

87 

XS 


1.77 

6.00 

53 

XS 


0.94 

2.50 

70 

xxs 


1.83 

6.75 

47 

XXS 


1.01 

3.00 

58 

9 lb. 


1.89 

9.00 

35 

4 lb. 


1.12 

4.00 1 

43 






A 


0.77 

0.75 1 

230 






XL 


0.84 

1.25 

138 

A 


1.74 

3.00 

56 

L 


0.92 

1.75 

98 

XL 


1.77 

3.50 

48 

M 


0.95 

2.00 

86 

L. 1 


1.82 

4.00 

42 

s 

% 

1.02 1 

2.50 

69 

M 


1.89 

5.00 

64 

AA 


1.05 

2.75 

62 

s 

1 

1.93 

6.00 

53 

XS 


1.08 

3.00 

57 

XS 


2.05 

7.50 

42 

XXS 


1.15 

3.50 

49 

xxs 1 

2.13 1 

1 9.00 

35 

4 lb. 


1.19 

4.00 

43 

11 lb. 1 

2.19 

1 11.00 

29 

A 


1 0.91 

1.00 

171 

A 


I 2.19 

3.00 

12' length 

XL 


0.97 

1.50 

114 

XL 


2.23 

4.00 

12' length 

L 


1.04 

2.00 

85 

L 


2.28 

5.00 

12' length 

M 

% 

1.07 

2.25 

76 

M 

2 

1 2.41 

7.00 

43' coil 

s 


1.16 

3.00 

57 

S 


1 2.46 

8.00 

38' coil 

XS 


1.23 

3.50 

49 

XS 


1 2.52 

9.00 

34' coil 

XXS 


1.26 

4.00 

43 

xxs 


1 2.61 

10.50 

29' coil 

5 lb. 


1 1.35 

5.00 

34 

15 lb. 


1 2.83 

15.00 

20' coil 


Lead pipe of all sizes furnished on reels any length required. 

American Lead Co. 


U H I T TP 8TATM 8^AirDAKD GAUGB TOM 8KBBT AHD 
PBATB 8TBBB 


Number of 

Thickness in 

Thickness in 

Weight per 

Gauge 

1 

Fractions of i 

Decimal Parts 

Square Foot 

. an Inch 

1 I 

of an Inch 

1 

in Pounds 


0000000 

1-2 

.6 

20.4 

000000 

15-32 

.46875 

19.125 

00000 

7-16 

.4375 

17.85 

0000 

13-32 

.40625 

16.676 

000 

3-8 

.375 

15.30 

00 

11-32 

.34375 

14.035 

0 

6-16 

.3125 

12.76 

1 

9-32 

.28125 

1 11.475 

2 

17-64 

.265625 

10.84 

3 

1-4 

.25 

10.2 

4 

16-64 

1 .234376 

9.563 

5 

7-32 

.21876 

8.925 

6 

13-64 

.203125 

8.287 

7 

3-16 

.1876 

7.66 

8 

11-64 

.171876 

7.012 

9 

5-32 

.15625 

6.376 

10 

9-64 

.140625 

6.737 

11 

1-8 

.125 

5.1 

12 

7-64 

.109375 

4.462 

13 

3-32 

.09375 

3.825 

14 

6-64 

.078125 

3.187 

15 

9-128 

.0703126 

2.868 

16 

1-16 

.0625 

2.65 

17 

9-160 

.05625 

2.395 

18 

1-20 

.05 

2.04 

19 

7-160 

.04375 

1.786 

20 

3-80 

.0376 

1.53 

21 

11-320 

.034375 

1.402 

22 

1-32 

.03126 

1.275 

23 

9-320 

.028125 

1.147 

24 

1-40 

.025 

1.02 

25 

7-320 

.021876 

.8925 

26 

3-160 

.01875 

.765 

27 

11-640 

.0171876 1 

.7012 

28 

1-64 

.015625 

.6376 

29 

9-640 

.0140625 

.5737 

30 

1-80 

.0125 

.51 

31 

7-640 

.0109376 

.4462 

32 

13-1280 

.01016625 

.4144 

33 

3-320 

.009375 

.3825 

34 

11-1280 

.00859375 

.3506 

35 

6-640 

.0078125 

.3187 

36 

9-1280 

.00703126 

.2868 

37 

17-2560 

.006640626 

.2709 

38 

1-160 

.00625 

.255 


MINING CATALOG 


TABBB 70S PUBCHZSG PBATB8 

This table gives the greatest thickness of steel in which it 
is advisable to punch round or square holes of given diameter 
or sizes. Spacing, strain upon the plate, wear of dies and other 
considerations determine what is advisable. While the table 
is offered as a convenient guide in ordering, thinner plates will 
generally answer every requirement, and cost less. 


DIAMETER OF HOLE I BIRMINGHAM GAUGE 


Milli¬ 

meters 

Inches 

1 

Decimal of 
an Inch 1 

1 

No. 1 Thickness 

1 in Inches 

Weight 
per Sq. Ft. 
Pounds 

% 


.02952 

26 

.018 

.731 

1 


.03937 

24 

.022 

.894 


3/64 

.04687 

22 

.028 

1.138 

i% 


.04921 

20 

.035 

1.423 



.05906 

18 

.049 

1.992 


1/16 

.06250 

18 

.049 

1.992 


6/64 

.07812 

16 

.065 

2.642 

2 


.07874 

16 

.066 

2.642 

2^ 


.08858 

16 

.065 

2.642 


3/32 

.09376 

16 

.065 

2.642 

2^4 


.09843 

16 

.065 

2.642 

3 


.11811 

14 

.083 

3.374 


% 

.125 

14 

.083 

3.374 

3% 


.12796 

14 

.083 

3.374 

3^ 


.1378 

12 

.109 

4.431 


9/64 

.14062 

12 

.109 

4.431 

4 


.15748 

12 

.109 

4.431 

4^ 


.17717 

10 

.134 

5.448 


3/16 

.18760 

10 

.134 

5.448 

5 


.19685 

10 

.134 

5.448 



.21654 

10 

.134 

5.448 

6 


.23622 

10 

.134 

5.448 


% 

.250 

8 

.165 

6.708 

‘eii 


.25591 

8 

.165 

6.708 

7 


.27659 

3/16 

.187 

7.622 


9/32 

.28125 

3/16 

.187 

7.622 


5/16 

.3125 

3/16 

.187 

7.622 

’s’ ■ 1 


.31496 

3/16 

.187 

7.622 

9 


.35433 

3/16 

.187 

7.622 



.376 

3/16 

.187 

7.622 

io’’ 

% ^ 

.3937 

H 

.250 

10.163 

11 1 


.43307 

% 

.250 

10.163 


7/16 

.4376 

% 

.250 

10.163 

is’ ’ 


.47244 

% 

.260 

10.163 



.500 


.250 

10.163 

is’ ■ 


.61181 

% 

.250 

10.163 

14 


.55618 

% 

.250 

10.163 

15 


.59055 

% 

.250 

10.163 


19/32 

.69376 

H, ! 

.250 

10.163 


% 

.625 


.250 

10.163 

i9 ” 


.74803 


.250 

10.163 


% 

.760 

% 

.250 

10.163 

22 ” 


.86614 

a 

.250 

10.163 


% 

.875 


.250 

10.163 

25” 


.98426 


.250 

10.163 


1 


6/16 

.312 

12.703 
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g0g SHOP TOOLS. 


CHICAGO PNEUMATIC TOOL CO. 


CHICAGO PNEUMATIC TOOL 

Chicago Pneumatic Bldg. 

6 East 44th Street, NEW YORK 

SALES AND SERVICE BRANCHES ALL OVER THE WORLD 





Products 

Air Compressors — Gas, Oil, Gasoline, Steam, 
Belt and Motor Driven; Vacuum Pumps and Gas 
Compressors; Receivers and Aftercoolers; Semi- 
Diesel Oil Engines; Gas and Steam En^nes; Little 
Giant Air Hoists for Mine and Shop; Air and Elec¬ 
tric Rock and Coal Drills; Boyer Pneumatic Ham¬ 
mers for Riveting, Chipping, etc.; Little Giant 
Electric Tools; Air Hose; Accessories. 

Boyer Riveting Hammers 

The world’s standard wherever rivets are driven. 
Divided into three distinct members—cylinder, han¬ 
dle and valve. Handles are interchangeable on all 
sizes of like type. The Boyer valve is so designed 
that the piston passes through it—thus the overall 
hammer length is shortened, and speedy, powerful 
action is obtained. Easily inspected and repaired. 



Sectional View, Boyer Long Stroke Riveting 
Hammer. All moving parts function in the same 
plane, in direct alignment with the operator’s arm 
permitting more and better work with less fatigue. 

Made in a variety of sizes to provide the right 
tool for any riveting hammer operation. The smaller 
models (as type H) are particularly useful for light 
work, such as mine car bodies,. bins, sheet metal 
tanks, etc. Save time over hand methods and at 
the same time insure better and more uniform 
rivets. Ask for Bulletin 810. 


Boyer and Keller Calking and Chipping Hammers 
Made in a complete range of sizes. Useful in 
every shop having compressed air, for chipping gray 
iron and steel castings and alloy steel ingots, calking 

seams, trimming flush 
head rivets, beading 
flues, etc. These are 
only a few of the jobs 
which can be perform¬ 
ed at greater speed 
with less effort by the 
use of these tools. Ask 
for Bulletin 810. 

Keller Pneumatic Rammers 

Speed up and improve the quality of foundry 
work. Moulds may be rammed much harder with 
less manual effort. Increased uniformity obtained 
greatly reduces number of defective castings. Also 
much used in ramming concrete and for tamping 
ties. Ask for Bulletin 640. 

“Little Giant” Air Drills 

For countless drilling, reaming, tapping, nut 
and bolt tightening, screw setting, flue-rolling and 



Boyer “BK” Type Chipping 
and Calking Hammer. 


countersinking operations, no portable drilling ma¬ 
chine yet devised has excelled the flexibility of 
“Little Giant” portable air drills. These sturdily 
built, easily handled tools are built in a wide variety 
of sizes and types to completely meet any or all 
requirements. 

“Little Giant” Air Drills have several distinctive 
features of design which contribute to their reputa¬ 
tion for unusual power, low upkeep cost and econ¬ 
omy in air consumption. 

These features are readily seen in accompanying 
illustration; a 3-point ball bearing crank shaft—low 
friction, consequent economy of air consumption 
and gears held rigidly in line; balanced piston valves 
with large area and short ports—give fast drilling 
through quick air admission and e^^aust; thorough 
lubrication—oil put in at one place reaches all bear¬ 
ing surfaces; exhaust air does not pass through the 
working parts and dry the oil, and all working parts 
enclosed in dust-proof three-unit housing with each 
unit separately renewable when worn. 




More than 125,000 
“Little Giant*' Air Drills 
are in successful use. 
They are preferred for 
portable work in shops; 
for heavy work and 
roupfh handling in ship¬ 
yards, mine and mill 


Cutaway 
View, No. 2 
"Little 
Giant" 
Air Drill 


shops, boiler works, etc. 
Drilling up to 3 inches 
in steel, countersinking, 
reaming, tapping and flue 
rolling are rapidly ac¬ 
complished with “Little 
Giants.” Overloading does not affect them. Piece-workers 
prefer “Little Giants” because they increase output and 
earnings. 

Made in reversible and 
non-reversible models, with 
different drilling speeds 
ranging from 50 to 2200 
r.p.m.; with square or 
Morse taper shank, and 
with feed-screw, grip han¬ 
dle or breast plate equip¬ 
ment. For full informa¬ 
tion on the complete line ask for Bulletin 598. 


No. 10-F " Little 

Midget Type Air Drill. 


Giant ’ 



“Little Giant” comer or close quarters drills can be used 
within 1% in. of an end wall or 
comer. They do the work of a 
ratchet type drill in a fraction of 
the time. Ask for Bulletin 598. 


Wood Boring Machines 

A complete line of pneumatic 
wood boring machines is available 
in capacities up to 4 inches. Han¬ 
dle standard wood-boring bits. 
Also used for screwing in and 
tightening nuts and bolts. An es¬ 
pecially valuable tool around mills. 
Bulletin 598. 


Wood-Boring 
are easily met 
"Little Giant" 
Borers. 


tasks 

with 

Wood 
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TABlkB ZV-a. <*ZkZTTBB OZAVT” AZB 1>BZBB8 


']t§ 

Fiza 

.S’o. 

Speed 

Light. 

r.p.m. 

liAir 

r» d 
px-r rain 
cu. ft. 

•Socket 

Drill. 

In. 

“Cull 

Ream | 

a»uy 

Tap 

Flue 

Boll 

Not 

Weight, 

lb. 

Coda 

10-F 


2200 

11 

00 

*4 




8 

ABOBELU 

10-S 


1000 

7 

0 

% 




8% 

.4B0BEST1C 

3-8 

(1) 

1800 

15 

0 

% 




11% 

ABOCADLIC 

3-BS 

(1) 

1200 

15 

0 

% 




14% 

.ABORINFELT 

3-A 

(2) 

800 

15 

1 

* 




12 

ABOMASTER 

1 

(2) 

800 

20 

2 


‘% 

'% 


22 

ABOCAFE 

4B 

(2) 

360 

18 

2 

% 

% 

% 


24 

ABOBRAND 

4T 


370 

18 

2 


% 

% 

% 

24 

ABOBREATH 

4C 

(2) 

240 

20 

3 


IV 4 

1*4 


28 

ABOBROOM 

4RC 

(2) 

125 

18 

3 

1% 

IV 4 

1V4 

2 ’’ 

30 

ABOBRITISH 

4TC 


1.30 

18 

3 


1% 


2 

30 

ABOBRIDE 

2 

(2) 

480 

25 

3 

i\i 

1 

1 


40 

ABOCALU 

2R 

(2) 

325 

1 20 

3 

1% 

1 

1 

2 ’ 

42 

ABOCABRA 

12 


325 

20 

3 


1 

1 

2 

44 

ABCK'ABLING 

2C 

(2) 

155 

25 

4 

2 

1% 

1% 


52 

ABOCALYX 

2BC 

(2) 

120 

20 


2 

1 

1% 

2% 

54 

ABOCASTER 

12C 


120 

20 

4 


1% 

1% 

2% 

56 

ABOCAXTON 

1 

(2) 

400 

35 

4 

2 

2 

2 


58 

ABOCENTBIC 

IB 

(2) 

230 

30 

4 

2 

9 

2 

2% 

60 

ABOCERVIX 

11 


230 

30 

4 


2 

2 

2% 

60 

ABOCEVIER 

15 

(2) 

260 

35 

4 

2 1 

2M 

2 V 4 1 


65 

ABOCEDILLA 

15B 

(2) 

180 

30 

4 

2 

214 

2*4 

3 ” 

68 

ABO'EFFRON 

15T 


180 

30 

4 


2 >4 

2*4 

3 

68 

ABOfELERY 

1C 

(2) 

110 

35 

5 

3 ’’ 

2% 

2% 1 


75 

[ ABOCEREAL 

IBC 

(2) 

65 

30 

5 

3 

2% 

2% 

4 

78 

AROCIMITAB 

lie 


58 

30 

5 


2% 

2% 

4 

78 

1 AB(X:iVIC 

15C 

(2) 

I 80 

35 

5 

3 


1 


83 

ABOCIBALD 

15RC 

(2) 

52 

30 

5 

3 

1 


4 

97 

AB0CIR( UM 

15TC 


I 50 

30 

5 



t ^ 

4 

97 

1 ABOCIGRA.ND 


*Noi 00 &nd 0 Indicate chuck sizes; other numbers Indicate Morse taper sockets. 
tNos. in parentheses indicate the following regular equipment: (1) Breast plate and 
No. 0 chuck. (2) Feed screw. (3) Batcbet wrench for feed screw. (4) Grip handle and 
wood bit chuck. (5) Wood bit chuck. 

^Adapted for special extra beary reaming and tapping. 

§ Letter "B” indicates reversible type drills; letter “C" indicates compound geared 
drills; letter “T" indicates drills fitted with grip bandies and especially adapted for tapping, 
flue rolling or reaming. 

"Drilling capacities are for drilling in metal. 

II Nos. 10-F to 3-A inclusire, and No. 3 have ^-in. hose connections; Noa. 4 to 91-B 
inclusive hare V^-in. hose connecUtms. 

1[At 80-lb. pressure. 

^‘Little Giant’* Pneumatic Grinders 

The advantage of portability possessed by all pneumatic 
tools is no doubt most fully realized in the pneumatic grinder. 
“Little Giant” grinders are adaptations of the smaller sizes 
of “Little Giant” air drills. The grinding wheel is mounted on 
an extension of the crankshaft. Made in four sizes. Ask for 
Bulletin 598. 

“Little Giant” Electric 
Grinders 

Same general constniction 

^ drills, but fitted with arbors 
for carrying abrasive wheels. 
Built in portable, tool-post 
and precision-grinding types. 

Foundries, machine shops. 
No. 8-BP “Little Giant’* D.C. nlo^fa 

Electric Portable Grinder. mines, manufacturing plants 

can use these tools for 

many labor-conserving purposes. Ask for Bulletin E-61. 


TABZiB V. *«UTnB GZAVT’* BZiBCmC 1>BZBBS— 
l>BZBi;iIVG CAFACZTZB8 ZV MBTAXi 


•Universal for 110 D.C. fw 120 and 
and 220 Volt, In. and 240 Volt, in. 


••A.C. for 2 Phase 
and 3 Phase, In. 


D. C. for GUO 
Volt. In. 


•For connection to ordinary lamp socket. D.C. or A.C. of. 60 cydes or less, single- 
phase, Interchangeably. 

••Furnished In side spindle style only. Standard windings are for 60 cycles, 120 or 240 
volts. Nos. 2. 3 and 4 can be wound for 380 or 440 volts. 

NOTE: In ordering specify Size No.; also whether D.C. or A.C. or “Universal’* type is 
desired. (If A.C., specify phase.) 


“Little Giant” Portable Electric Drills 

Built with direct, alternating or “Universal” current mo¬ 
tors in several sizes and types. Have ball bearings, stub tooth 
gears, ample ventilating and cooling systems, and high over¬ 
load capacity without undue 

temperature rise. Controlled j 

by patented non-arcing handle 

“Little Giant” electric drills 

are light in weight, easily por- j 

table. Taking the drill to the ^ 

work saves carrying parts to 

drill presses, saves setting-up 

time, and expensive machine- 

tool operations. Universally 

used in machine shops, garages, 

and also in the largest manu- TS jj 

facturing operations. Thou- 

sands are profitably used in the ® 

-r,_ 1 j. 1 . ^ • j.*/s Portable Electric 

Ford plants, where scientific Drill, “Universal” £\ 

minimum cost production is Type! Size No. o-B. If:l 

most highly developed. Fre- U 

quently a small investment in “Little Giants” will produce a 
material increase in output per day. D. C. type drills are 
described in Bulletin 581; A.C. types in Bulletin E-58; and 
“Universal” types in Bulletin 616. 

These tools are built also in semi-portable type for drill¬ 
ing and reaming track joint holes. Such outfits, now in wide 
use by electric and steam railways, are 10 to 12 times faster 
and 90 per cent cheaper than old-time hand methods. Ask 
for Bulletin E-60. 

“Little Giant” Air Motors, Winches and Geared Hoists 

All “Little Giant” air winches and hoists are operated by 
a simple and reliable air motor. This motor has two double¬ 
acting oscillating cylinders. 

Oscillation of cylinders opens 

and closes the ports—no other ^ S 

valve gear is necessary. Great 

power is obtained through a ^ 

high motor speed, 240 to 1100 

r.p.m. Motor is reversible, 

easily controlled, has automatic 

lubrication and is of very rug- ' 

ged construction throughout. 

Pneumatic Portable Geared J g m 
Hoists — Made in capacities 
from 1 to 10 tons. Motor is con- I ii 

trolled by chains from floor, or I 
by remote control as desired. I 
Safety is assured by an auto- I |m 

matic air brake which holds the I 13 

load at any desired point. A I |H 

simple limit stop provides ab- I 

solute protection against over- I 

hoisting. When desired, these ** 

hoists will be furnished with Size No. 12 “Little Giant” 
plain single track trolley; Two-strand Three-Ton Port- 

par^ single or geared puble ^top” and ®chaTn 

track trolley. For full details control, 
ask for Bulletin 648. 

“MTTIiB GZAVT” POBTABZiB GBA11EZ> AZB HOZ8T8 


Size No. 12 “Little Giant” 


Size 

Capacity 

(Tons) 

Height of 
Lift, ft. 

Lifting 

Speed 

(per 

min.) ft. 

Min. lAir Con- 
Distance sumption 
Between ( per ft. 
Hooks, in. illft,«u.ft. 

Net 

Weight. 

lb. 

10 

1 

9 

28 

39 3 

366 

11 

2 

9 

16 

39 4 

360 

12 

3 

11 

10 

1 45 8 

466 

13 

1 S 

1 ^2 

7 

53% 16 

820 

14 

10 

12 

4 

61% 27 

1080 


1 9 28 39 3 366 ACCRESCENT 

11 2 9 16 39 4 360 ACCRETION 

12 3 11 10 45 8 466 ACCROACH 

13 6 12 7 63% 16 820 ACCROIRE 

1^ 10 12 4 61% 27 1080 ACCRUE 

NOTE: When desired, “Little Giant" portable geared hoLsts can be supplied in any of 
the above sizes, except size 10. equipped with either a plain trolley, geared single track 
trolley, or a geared double track trolley. When ordering, always stale size and weight 
of channels on which trolley must operate. 



“Little Giant” Pneu¬ 
matic Grinders Quickly 
Smooth Castings, Forg¬ 
ings. Etc. 


Speeding Up Tank 
Riveting with a Boyer 
Long Holder-On. 


“Little Giant” Elec¬ 
tric Drills Work “Wher¬ 
ever There Is an Elec¬ 
tric Socket.” 


Speeding Up Track 
Construction with “L’^ 
tie Giant” Elect, .c 
Track Drills. 


“Little Giant Trol¬ 
ley Mounte'd Air Hoist 
in Tank Shop Service. 
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PITTSBURGH MINING MACHINERY COMPANY. 


sia 


MINING MACHINERY. 


Pittsburgh Mining Machinery Company 

PITTSBURGH, PA. 

Works, Magnolia & Cantril Sts., N. S. 



Products 

Hoists, Steam and Electric; Cages; Skip Cars and Buckets; Rotary Car Dumpers; Sheaves; Head 
Frames; Aerial Cableways; Power Hammers; Fans, Disc and Centrifugal; Pumps, Plunger and Centri¬ 
fugal; Wire Rope; Engines, Steam and Internal Com¬ 
bustion; Motors; Motor Generator Sets, Engine Genera¬ 
tor Sets; Mining Machinery and Equipment; Repairs and 
Repair Parts. 


Hoists, Steam, Electric or Gasoline, any size for any duty. Built to any specifications. Cylindrical 
or Cylindro-conical Drums as desired. Single or double drum for tail rope, etc. 



Centrifugal Fans 

Blower, Exhaust or both at will of operator. 
Driven with any kind or type of power driver. Note 
spokes are of Round Steel bicycle type construc¬ 
tion. Most accurate, strongest and highest efficiency 
guaranteed. 




Diameter up to 12 feet. Roller Bear¬ 
ing if desired. Standard have self¬ 
aligning bearing. 


Pumps 

Plunger, piston, centrifugal built 
especially for mine service with any type 
power as driver. 


Our plant is modem and equipped for both mechanical and electrical work of Coal Cutter Parts 

and Mine Equipment 
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HAUCK MANUFACTURING CO. 


TORCHES—HEATING AND THAWING. 


HAUCK MANUFACTURING CO. 

Tenth and Eleventh Sts. near Second Ave. 

BROOKLYN, N. Y. 

Kerosene Blow Torches—Oil Burners, Portable and for Furnaces— 

Thawing Outfits 


Products 

Torches of all sizes and for all heating pur¬ 
poses. Locomotive Tire Heaters, Thawing Outfits, 
Concrete Heaters. Forges—Rivet Heating, Drill 
Heating, Blacksmithing, Brazing, etc. Foundry 
Equipment. Furnaces for Melting Lead and Bab¬ 
bitt, all sizes. Preheaters in connection with Weld¬ 
ing, Storage Battery Steamers, Locomotive Fire 
handlers. Furnace Burners. 

Hauck Welded Steel Kerosene Hand Torches 

Produce an intense reddish blue fiame without 
smoke or soot. The solid cast bronze burner is 
constructed with straight oil passage ways. No 
coils. Easily cleaned. Recommended for straight¬ 
ening, bending, brazing, light blacksmithing, an¬ 
nealing, tempering, hardening. Write for Bulletin 
No. 112. 


IP 


OU I L,gth. 

No. Capacity Consump- I Full 
tion jFlame 


1 qt. 

% Ral. 
1 gal. 
gal. 


1 qt. 8" 

2 qts. IS'' 

2V4qts. 16" 

3 qts. IS" 


Hauck High Pressure Furnace Burners 

For Furnaces and Forges. Bums distillate, 
kerosene, fuel oil or crude oil in connection with 
compressed air or steam at pressures from 20 to 
100 lbs. No smoke, soot or carbon. Oil may be fed 
by gravity pressure or suction. Made in 6 sizes. 
Write for Bulletin No. 119. 


on 

Consumption 
per Hour 


10-25 gal. 
6-10 gal. 
3-6 gal. 
1-3 gal. 
1% gal. 
^ cral. 


Air Consumption 
Free Air (or 
Steam) per 
Minute 


20 cu. ft. 
15 cu. ft. 
12 cu. ft. 
8 cu. ft. 
5 cu. ft. 
2 cu. ft. 







Oil 

Lenght 1 



Capacity 

Length 

Consumed 

Full '! 

Shipping 

No. 

of Tank 

of Hose 

per Hour 

Flame 

Weight 


Gallons 

Feet 

Gallons 

Inches 

Pounds 

11 

3 

1 6 1 


18 

1 50 

7a 

1 5 

6 

1 1 ’ 

20 

60 

7 

10 

i 12 ! 

1 1% < 

22 

80 

8 

12 

1 12 1 

2% 

28 

95 

9 

1 15 

1 12 ! 

1 3 

34 

110 


girders, etc., bending pipe, rails, beams, etc., etc.. 
Write for Bulletin No. 112. 

Compressed Air Type Equipment 

Bums crude oil, kero- .. . 

sene oil, fuel oil or distil- 
late with compressed air \ 
at 20 to 100 lbs. pressure. 

Lights instantly without W 
preheating. No carboni¬ 
zation. Made in 5 sizes. 

Used for same purposes as the Hauck Hand 
Pump Type Equipment. Write for Bulletin No. 112. 


No. 

1 Cap. 
of 

Tank 

Gals. 

1 1 

1 One 
Length 

1 Oil & 

1 Air 
Hose 

1 Ft. 

Oil 
Con¬ 
sumed 
per Hr. 
Gals. 

Air i 
Con- 1 
sumed I 
Cu. Ft* 1 
Free 
Air per 
Minute 

1 1 

1 i 

IShipping 

Weight 

Lbs. 

j 

Welp^ht 

Burner 

Lbs. 

Length 

Nor¬ 

mal 

Flame 

Inches 

5A 

5 

12 each 

1 

___ 

55 ' 

f 8 

‘Is 

5 

10 

12 each 

2 

8 

75 

1 S 

22 

4 

12 

12 each 

3 

12 

85 

13 

28 

2 

15 

12 each | 

4 

15 

100 

16 

30 

1 

16 

12 each 

5 

20 

110 

1 19 

48 


Hauck Thawing Outfits 

Hauck kerosene thawers are used by many 
mines for thaw¬ 
ing out hoppers 
on coal and ore 
cars, thawing 
out switches, 
frozen pipe 
lines, remov¬ 
ing ice and 
snow from con¬ 
crete shafts, 
etc. They give 

excellent serv-__ 

ice in severe 

weather and can be successfully handled by any 
inexperienced laborer. Write for Bulletin No. 116. 




Hauck Hand Pump Vaporizing Type Equipment 

Must be preheated be- 
• ^ fore starting. Recommend- 

where compressed air is 
If not available. Heavy brass 

I' pump in tank for generat- 

' ing pressure on the oil. 

Made in 6 sizes. 


No. 

Capacity 
of Steel 
Tank 

1 

Length 
of Hose 

Oil 1 

Consump¬ 
tion per 
Hour 

1 Net 1 

Weight 1 
Complete 1 
Outfit 1 

Weight of 

1 Burner 

1 

IIT 

3 gal. 

6 ft. 

rgal. 

30 lbs. 

1 6 lbs. 

12T 

5 gal. 

6 ft. 

2 gal. 

40 Ib.s. 

6 lbs. 

7T 

10 gal. 

12 ft. 

3 gal. 

80 lbs. 

8 lbs. 

8T 

12 gal. 

12 ft. 

3 gal. 

95 lbs. 

1 8 lbs. 


Unexcelled for locomotive and steel car repairs, 
preheating in connection with welding, brazing 
broken machine parts and castings, straightening 
axles, chassis, frames, shafting, buckled plates, 
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Hauck Concrete Heaters 

For heating concrete in the mixer. Makes 
placing of concrete in winter just as safe as in the 
summer. 

Made in various sizes; two types—Hand Pump 
and Compressed Air or Steam. Write for Bulletin 
No. 130. 

Hauck Tire Heaters 

Compressed air and hand pump types, for re¬ 
moving locomotive tires up to 40". The wheel from 
which the tire is to be taken is jacked up and a 
sectional shield placed around it; will remove tires 
in less than 16 minutes. Burners can be quickly 
and easily attached and used for steel car repairs, 
preheating, brazing, melting babbitt, expanding, 
straightening, bending, thawing, etc., etc. Write 
for Bulletin No. 110. 
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g-|^2 electric arc welders. ALLAN MANUFACTURING & WELDING CORPORATION. 


Allan Manufacturing & Welding Corporation 

BUFFALO, NEW YORK 

Manufacturers of 

Allan, Poly Phase, Electric Arc Welders 

And Dealers in Electric Arc Welding Accessories 


Why lose time and money waiting for new 
parts? Thousands of manufacturers the country 
over have done away with profit-eating delays 
through electric arc welding. In hundreds of plants, 
producing many articles, the arc welding process 
has been successfully applied to reduce costs, 
lessen time and improve quality. 

All industrial plants should, and can, be entirely 
independent of the usual causes of delay in pro¬ 
duction. The intense heat of the electric arc, under 
which such metals as iron, steel, malleable iron, 
cast iron, wrought iron and cast steel in any form 
are easily handled, has solved the difficulty of un¬ 
interrupted output in up-to-the-minute industry. 
Breaks, cracks and worn surfaces, such as keep 
machinery idle for days and weeks, can be remade 
as good as new on the spot, and in a short space of 
time, by applying the electric arc to reclamation 
work in your plant. In every plant or operation of 
any consequence, there is room for the adoption of 
electric arc welding, and its value can only be de¬ 
termined by the use made of it. 

AUan Poly Phase Arc Welders 

Are specially constructed transformers which 
draw their current requirements from a polyphase 
alternating current power line and transform it 
to the proper voltage and amperage required for 



.Ml;in Toly .\r«’ WrMi-r.s 


successful arc welding. They are constructed to 
suit any alternating current primary power supply 
as to voltage and frequency. 


Having no moving parts of any description, 
their life, with proper care, is permanent; they 
do not require the attention of a mechanic, no 
grease or oil for lubricating, no water, fan, or oil 
for cooling; no belts or pulleys for transmitting 
power from one unit to another, and eliminate aU 
chance of fire or explosion. They have the approval 
of the Underwriters’ Laboratories as to fire risk. 

Applications of the Allan Arc Welder 

Welding with the Allan Arc Welder can be used 
inside of boilers, tanks, fire-boxes and other difiS- 
cult locations. Seams over the head of the operator 
can be welded with no real difficulty. Gear teeth 
can be built up, cracked cylinders, housings, gears, 
and in fact almost any piece of broken machinery, 
no matter how large or small, may be repaired 
at a fraction of the cost to replace it with new 
machinery. 

The illustration below shows the application of 
arc welding as applied to a large gear. 



8-Foot Cast Iron Gear Wheel, Broken in 
Two, Welded Without Preheating 


You Require An Allan Welder Because: 

1. It will make good, reliable welds. 

2. First cost less. 

3. Low comparative cost of installation. 

4. Low power consumption. 

5. It economizes time, space and money. 

6. It is a practical, simple, economical, efficient 

and compact welder. 

7. It is a permanent welder. 

8. It is a portable welder. 

9. It will meet your every requirement, as far 

as an electric welder can. 

Our engineers are at your service. We are pre¬ 
pared to demonstrate the efficiency of our welders 
on your actual requirements. 
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THE IMPERIAL BRASS MFG. CO. 


WELDING AND CUTTING APPARATUS. 


THE IMPERIAL BRASS MFG. CO. 

508 South Racine Avenue, CHICAGO, ILL. 

Manufacturers of 

Oxy-Acetylene Welding <&: Cutting Equipment 


Imperial Welding and Cutting Equipment in 
your repair shops means more coal at your tipples. 

It eliminates those long delays due to bre^age 
of coal cutters, haulage and power plant equipment 
by making quick, permanent repairs to all broken 
metal parts right on the spot, instead of waiting 
for new parts to be shipped. 

If your mine is already using Welding Equi^ 
ment of any make, the Imperial Automatic 
Acetylene Generator will not only save you from 
2 to 5 cents per cubic foot of acetylene gas, but will 
end forever all delays and troubles in obtaining 
acetylene compressed in cylinders—to say nothing 
of the cylinder rental charge which is a permanent 
expenditure. 



Repairing Broken Teeth in Gear with Imperial 
Welding Equipment. (Note Imperial 
Acetylene Generator in Rear.) 


The Imperial Acetylene Generator possesses 
many marked advantages over other makes. The 
most important of these being the absence of 
weights, clock-work and complicated mechanism. 
In the Imperial Generator, the carbide feed is sim¬ 
ple, sure and dependable, and is automatically con¬ 
trolled by the gas consumed by the torch—the gen¬ 
erating of the gas automatically stops when the 
torch is extinguished and automatically starts gen¬ 
erating when the torch is relighted, thus automat¬ 
ically maintaining a constant, even gas pressure. 

Interlocking safety levers make the Imperial 
Generator absolutely foolproof, and compel the 
users to follow the proper sequence of the opera¬ 
tions necessary to start or shut off the generator, 
A dependable safety blow-off makes it impossible to 
obtain more than 15 lbs. pressure. 

Imperial Equipment is thoroughly practical, 
economical and safe. It is furnished in four outfits, 
as listed in opposite column, to meet the various re¬ 
quirements of service. 


No other torch has a mixing principle like the 
IMPERIAL—scientific, practical, years ahead. 
IMPERIAL TORCHES are approved by the Under¬ 
writers’ Laboratories of the National Board of Fire 
Underwriters. No other regulator so accurately 
and uniformly controls delivery of gases—^none has 
its automatic safety features. 

Imperial Welding and Cutting Outfits 

No. 1 Imperial Welding Outfit 

For all general welding work, from thin sheet 
metal to heaviest castings. 

Consists of Type B Imperial Welding Torch with 
10 welding tips, extension, carbon burning torch, 
regulators, 4 gauges, hose, connections, goggles, 
handbook, carrying case, complete supply of weld¬ 
ing materials, ready for service. $75.00. 

No. 5 Imperial Duplex Welding and Cutting Outfit 

Best all purpose apparatus obtainable at any 
price. Fully adequate to handle all welding and 
cutting for which the process is adapted. 

Consists of a complete No. 1 Imperial Welding 
Outfit, as described above, and also includes a Type 
E Imperial Cutting Torch with 2 housings and 4 
tips and an extra pair of goggles and 25-ft. lengths 
of hose. Each, $120.00. 

Imperial Acetylene Generators 

15 lb. Imperial Acetylene Generator, 15 lbs. car¬ 
bide capacity, 15 gallons water capacity produces 
15 cubic feet of gas per hour or 75 cubic feet per 
charge at a cost of 76 to 90 cents. Complete with 
truck, $176.00. (Deduct $20.00 if truck is not 
wanted.) 

26 lb. Imperial Acetylene Generator, 25 lbs. car¬ 
bide capacity, 25 gallons water capacity produces 
25 cubic feet of gas per hour or 125 cubic feet per 
charge at a cost of $1.25 to $1.50. Complete with 
truck, $200.00. (Deduct $20.00 if truck is not 
wanted.) 

60 lb. Imperial Acetylene Generator, 60 lbs. car¬ 
bide capacity, 50 gallons water capacity produces 
60 cubic feet of gas per hour or 260 cubic feet per 
charge at a cost of $2.50 to $3.00. Complete with¬ 
out truck, $275.00. 

100 lb. Imperial Acetylene Generator, 100 lbs. 
carbide capacity, 100 gallons water capacity pro¬ 
duces 100 cubic feet of gas per hour or 600 cubic 
feet per charge at a cost of $5.00 to $6.00. Com¬ 
plete without truck, $425.00. 

CATALOG ON REQUEST 

Note—Carbide in 100 lb. cans is easily obtain¬ 
able ansrwhere in the United States and usually 
costs from $5.00 to $6.00 per 100 lbs. in small lots, 
and less in ton lots. 100 lbs. carbide is equivalent 
to 500 feet of Acetylene Gas. 
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OXYGEN. 


THE LINDE AIR PRODUCTS CO. 


THE LINDE AIR PRODUCTS CO. 

Carbide and Carbon Building, 30 East 42nd Street, New York 

For Information Regarding Prices, Terms, Etc., Ck)mmunicate With Our Nearest District 
Sales Office, Located in Any One of the Following Cities 

ATLANTA, GA. CHICAGO, ILL. KANSAS CITY. MO. PITTSBURGH, PA. 

BALTIMORE, MD. CLEVELAND, O. MILWAUKEE. WIS. ST. LOUIS, MO. 

BOSTON, MASS. DALLAS, TEXAS NEW YORK, N. Y. SAN FRANCISCO, CAL. 

BUFFALO. N. Y. DETROIT, MICH. PHILADELPHIA. PA. 


LINDE OXYGEN 


Linde Oxygen 

Is manufactured under the world renowned 
Linde Process, which first made 
oxygen a commercial possibility and 
which insures to the user of oxygen 
a gas of the highest possible uniform 
commercial purity. 




Uses for Linde Oxygen 

Linde oxygen is used extensively 
in many different metal welding and 
cutting processes, which makes it a 
necessity in and around the mine. 


Linde Oxygen Cylinders 

Linde Oxygen is compressed, 
stored and transported in steel cylin¬ 
ders, constructed in compliance with 
the requirements of the Inter-State 
Commerce Commission. The cylin¬ 
ders are of two sizes, with capacities 
of 110 and 220 cubic feet, respect¬ 
ively, charged to a pressure of 2000 
pounds, with the gas at a temperature 
of 70° Fahrenheit. The operation is 
checked three times, to insure the full 
indicated amount of oxygen in each 
cylinder. 


Customers Buy Oxygen—^Not Cylinders 

Linde customers are entitled to the free use of 
as many clinders as their oxygen requirements 
demand, with the understanding that they are to 
be returned within 30 days from date of shipment, 
after which time they are subject to a rental 
charge of 25 cents per week per cylinder. Under 
this arrangement the user is relieved of all ex¬ 
pense incidental to the purchase of cylinders and 
their upkeep, as well as any possible bother inci¬ 
dental to compliance with I. C. C. or shipping regu¬ 
lations. 


Distribution 

Linde oxygen is distributed from our nation¬ 
wide chain of 82 plants and warehouses, located in 
every big industrial district in the country, where 
a large supply of filled cylinders is maintained at 
all times, thus insuring prompt delivery in any 
quantities, when and where wanted. 


How to Order 

To save time and insure prompt shipments, 
orders should be addressed t o the Linde Air 
Products Co. at the nearest Distributing Station 
given in the list below. 


Albany, N. Y. 
Allentown. Pa. 
Atlanta. Ga. 
Baltimore, Md. 
Birmingham, Ala. 
Boston, Mass. 
Brooklyn, N. Y. 
Buffalo, N. Y. 
Canton, O. 
Charleston, W. Va. 
Chattanooga, Tenn. 
Chicago, Ill. 
Cincinnati, O. 
Cleveland, O. 


Columbus, O. 
Dallas. Texas 
Davenport, la. 
Dayton, O. 
Denver, Colo. 

Des Moines, la. 
Detroit. Mich. 
Duluth, Minn. 

E. Chicago. Ill. 
Elizabeth. N. J. 
Erie, Pa. 

Ft. Wayne, Ind. 
(Salveston, Texas 
Gr. Rapids, Mich. 
Hammond. Ind. 


DISTRIBUTING STATIONS 

Hartford, Conn. 

Houston, Texas 
Indian^olis, Ind. 

Indian Orchard, Mass. 
Jacksonville. Fla. 
Johnstown, Pa. 

Lima. O. 

Little Rock, Ark. 

Louisville, Ky. 

Manitowoc, Wis. 

Memphis, Tenn. 

Milwaukee, Wis. 
Minneapolis, Minn. 

Mobile. Ala. 

Muskegon, Mich. 


Nashville, Tenn. 

New Orleans, La. 
New York, N. Y. 
Norfolk, Va. 

No. Kansas City. Mo. 
Oklahoma City, Okla. 
Omaha, Nebr. 

Peoria, Ill. 
Philadelphia, Pa. 
Pittsburgh. Pa. 

Port Arthur, Texas 
Reading, Pa. 
Richmond, Va, 
Rochester. N. Y, 

St. Louis, Mo. 


San Antonio. Texas 
Savannah, Ga. 
Scranton. Pa. 
Shrev^ort, La. 
Terre Haute, Ind. 
Toledo, O. 

Traflford, Pa. 

Tulsa, Okla. 

Utica, N. Y. 
Washington, D. C. 
Wheeling, W. V&. 
Wichiti Kan. 
Worcester, Mass. 
Youngstown. O. 


Emeryville, Cal. 
San Francisco, Cal. 
Los Angeles, Cal. 


PACIFIC COAST 

Seattle, Wash. 
I*ortland, Ore. 

So. San Francisco, Cal. 


Salt Lake City, Utah 
Spokane, Wash. 

San Diego, Cal. 


THE LARGEST PRODUCER OF OXYGEN IN THE WORLD 
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THE PREST-O-LITE COMPANY, INC. 


ACETYLENE GAS. 


THE PREST-O-LITE COMPANY, Inc. 

General Offices 

Carbide and Carbon Building, 30 East 42nd Street, New York 

Balfour Bldg., San Francisco; In Canada: Prest-O-Lite Company of Canada, Ltd., Toronto 

For Information About Our Latest Sales and Service Plans Communicate With Our 
Nearest District Sales Office, Located in One of the Following Cities 

PITTSBURGH. PA. CLEVELAND. O. PHILADELPHIA, PA. NEW YORK, N. T. 

BUFFALO. N. T. ATLANTA. GA. ST. LOUIS, MO. BALTIMORE. MD. 

MILWAUKEE. WIS. SAN FRANCISCO, CAL. BOSTON, MASS. KANSAS CITY, MO. 

CHICAGO. ILL. DALLAS, TEXAS DETROIT, MICH. 

PREST-O-LITE 

DISSOLVED ACETYLENE 
Tbe Universal Gas with the Universal Service 


Prest-O-Lite 

Dissolved Acetylene, for Oxy-Acetylene Weld¬ 
ing and Cutting. 

Prest-O-Lite is not merely a 
‘Tank” and not merely a “gas”; 
it is a complete, permanent, de¬ 
pendable and universal system 
of dissolved acetylene service, 
which provides the highest grade 
of Dissolved Acetylene (ready¬ 
made carbide gas), compressed 
into portable cylinders of-con¬ 
venient size. 

Uses for Prest-O-Lite 

The test of time has proven 
Acetylene to be the only practi¬ 
cal welding gas and by far the 
best cutting gas. In conjunction 
with oxygen, it is indispensable 
in the mine in connection with 
iron and steel construction work; 
repairing broken or worn metal 
machine parts and tools; re¬ 
claiming and repairing defective and broken cast- 


Advantages of Prest-O-Lite 

Prest-O-Lite cylinders have passed the rigid 
examination of the National Board of Fire Under¬ 
writers and their installation is permitted on in¬ 
sured premises. They are equipped with safety 
plugs to meet any fire emergencies and to satisfy all 


requirements of the Inter-State Commerce Com¬ 
mission, insurance authorities, etc. They are freely 
accepted for transportation by freight or ex¬ 
press and may be used with every assurance of 
safety. 

Prest-O-Lite Cylinders 

Are not merely hollow steel shells filled with 
acetylene gas. The cylinders are filled ^th a por¬ 
ous substance, saturated with a liquid chemical 
which absorbs about 25 times its own volume of 
acetylene at atmospheric pressure. When pressure 
is applied during charging, the chemical continues 
absorbing acetylene in this proportion for every 
atmosphere of increased pressure, which explains 
the large capacity of a Prest-O-Lite. Every cylin¬ 
der is fully tested and charged in accordance with 
Inter-State Commerce Commission regulations. 

How Prest-O-Lite Is Supplied 

Prest-O-Lite is supplied in two size cylinders: 
Style “WC”, of 100 cu. ft. capacity, and Style 
“WK”, of 300 cu. ft. capacity. Prest-O-Lite is dis¬ 
tributed under a system whereby the holder of an 
exhausted cylinder may promptly exchange it for 
another Prest-O-Lite of like size, fully charged and 
ready for use. 

When a Prest-O-Lite is exhausted of its acety¬ 
lene contents, send it or take it to the nearest Dis¬ 
tributing Station shown in the list below and 
receive a new one in exchange, upon payment of a 
moderate exchange fee. A net-work of 54 plants 
and warehouses insures prompt and dependable 
service at all times. 


Allentown, Pa. 
Atlanta, Ga. 
Baltimore, Md. 
Birmingham, Ala. 
Buffalo, N. Y. 
Cambridge, Mass. 
Canton, O. 
Charleston. W. Va. 
Chicago, Ill. 
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Cincinnati, O. 
Cleveland, O. 
Columbus, O. 
Dallas, Texas 
Davenport, la. 
Denver, Colo. 
Des Moines, la. 
Detroit, Mich. 
Duluth, Minn. 


Los Angeles, Cal. 
San Francisco, Cal. 
Oakland. Cal. 


DISTRIBUTING STATIONS 
East Peoria, Ill. 

Elkton, Md. 

Galveston, Texas 
Gr. Rapids, Mich. 
Hammond. Ind. 

Ind. Orchard, Mass. 
Louisville, Ky. 
Milwaukee, Wls. 
Newark, N. J. 

PACIFIC COAST 
Seattle, Wash. 

Portland, Ore. 

• So. San Francisco, Cal. 


New Orleans, La. 
New York, N. Y. 
Norfolk, Va. 

No. Kansas City, Mo. 
Omaha, Neb. 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Richmond, Va. 

St. Louis, Mo. 


Salt Lake City, Utah 
Spokane. Wash. 

San Diego, Cal. 


St. Louis Pk., Minn. 
Speedway, Ind. 
Terre Haute, Ind. 
Toledo, O. 

Tulsa, Okla. 

Utica, N. Y. 
Washington, D. C. 
Wichita, Kan. 
Youngstown, O. 
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g20 WELDING AND CUTTING APPARATUS. 


OXWELD ACETYLENE COMPANY. 


OXWELD ACETYLENE COMPANY 

NEWARK CHICAGO SAN FRANCISCO 



Oxwclding and Cutting Process 


The Oxweld Process 

The Oxweld Process of welding and cutting 
metal by means of the oxy-acetylene flame affords 
the mine operator a simple and efficient means of 
making quick repairs which can be utilized by the 
average workman after a little instruction. 

Oxweld equipment embraces all the necessary 
apparatus to perform every operation within the 
range of the Oxy-acetylene Process. 

Practically any metal can be welded with this 
process. Two inexpensive gases—acetylene and 
oxygen—are combined in a suitably designed blow¬ 
pipe to produce a small flame developing a degree 
of heat far greater than that produced by any 
gaseous or solid fuel. This high temperature flame 
(6300 degrees, F.) is easily controlled and may be 
applied locally in as small or large a volume as de¬ 
sired. The effect of this tremendous heat is to 
bring the edges of the two pieces of metal to a 
molten state, so that with Ailing material of the 
same kind as the metal worked upon, the whole can 
be welded into one continuous piece, possessing 
practically the same strength as the original piece. 

The Oxweld Cutting Process can be applied to 
cutting wrought iron and steel plate, structural 
steel work and steel castings. The procedure is to 
first preheat the metal to be cut by a jet of mixed 
oxygen and acetylene, then by directing a jet of 
oxygen upon it, the spot is ignited and blown away 
in the form of iron oxide. A narrow, clean slot, 
cut through the section, is the result. The action 
is so rapid that the heat is confined to the edges of 
the cut to be made and the metal neither melted 
nor injured in any way. The edges present the 
clean metallic surface of a saw cut. In this manner, 
metals up to 14" thick may be cut rapidly and 
smoothly along any given line—circle, curve, profile 
or bevel, the kerf being not over Ys to t4-inch wide. 
Cast iron is also cut by the same blowpipe. 

Applications of the Oxweld Process 

OXWELDING—Boiler tubes"; tube sheets; flues 
and seams; fire doors; cracked cylinders, pistons, 
valve chests; pump castings broken in service; re¬ 
claiming flywheels and gears; superheater lines; re¬ 
ceivers; connections for feed water heaters. 

Rail bonding; motor housings; building teeth 
on defective pinions and gears; armor for shafts; 
copper wires and cables; transformer cases; meter 
and instrument connections. 

Iron and steel pipe lines for the transmission of 
air, gas, steam and water; headers and special fit¬ 
tings, such as T’s, S’s and Y’s; traps and coils. 
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General repairs to steel mine cars; mine car 
axles and wheels; hitchings; locomotive frames, 
pins, links, spokes, etc.; repairing storage batteries, 
frogs and crossings. 

Filling up blow holes, porous spots, cracks, and 
breaks in castings of all kinds. 

CUTTINCj—^P lates; structural shapes; bars and 
rods; rails; pipes; cutting out rivets; wrecking; 
cast iron pots; floor plates; hubs of gears and fly 
wheels, etc. 

Oxweld Welding and Catting Units 

The type shown below provides a portable weld¬ 
ing and cutting unit in compact and efficient form. 
With this equipment the same blow pipes are used 
as with the generator plants and the same character 
of work is done. 

This unit is valuable for emergency repair work 
and for cutting in inaccessible places. 



Oxweld Portable Welding Outfit 
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OXWELD ACETYLENE COMPANY. 


WELDING AND CUTTING APPARATUS, gjy 


Equipment 

An Oxweld Welding Unit consists of: 

1 welding blow pipe with 5 heads 
1 oxygen regulator with two gauges 
1 acetylene regulator with tank gauges 

1 adapter for acetylene tank 

2 fifteen-foot lengths of high pressure hose 
2 pairs darkened spectacles 

1 truck Wrenches, hose clamps, etc. 

An Oxweld Cutting Outfit consists of: 

1 cutting blow pipe with 4 nozzles 
1 oxygen cutting regulator with 2 gauges 
1 acetylene regulator with 'tank gauge 
1 adapter for acetylene tank 
1 fifteen-foot length of high pressure hose 

1 fifteen-foot length of armored high pressure 

hose 

2 pairs darkened spectacles 

1 truck Wrenches, hose clamps, etc. 

Oxweld Welding Blowpipes 

The Oxweld Blowpipe is a high efficiency torch 
of the injector type. It was developed to avoid 
the defects of the pressure type. The acetylene is 
drawn into the combining tube by the injector 
action of the high pressure oxygen jet, in correct 
quantity to combine chemically with the acetylene, 
forming what is known as a neutral flame, having 
an excess of neither acetylene or oxygen. With, 
the best equipment available there are slight and 
unavoidable variations in the pressure of the oxy¬ 
gen as it leaves the regulator, and in the acetylene 
when generated in the so-called pressure type of 
generator or when drawn from cylinders. These 
variations are not noticeable on the gauge, but are 

sufficient to cause a de- 
parture from the neutral 
character of the flame. 


Section Showing Injector Construction 


Oxweld Portable Acetylene Generator 

This generator is designed primarily for in¬ 
stallations where it is necessary to move the gen¬ 
erator to various points for operation; It can also 
be used as a stationary generator. 

The Portable Outfit consists of a single shell 
containing both the carbide hopper and generating 
tank. There is no gasometer, the carbide feeding 
mechanism being 

controlled by the a -y ? 

pressure of the gen- e If ^ 

erator gas against a k 

flexible diaphra^. ..-ci 

The feeding p 

mechanism is posi- ^ ~ 
tive in action and is i T 

provided with an ^ r 

automatic no-pres- 
sure stop mechan- ^ 'Jh 

ism, which closes 

the feed opening in ^ 

case the pressure in ^sasaa^^ '' 

the generator is re- I ^ i 

duced to zero, due to j 
a leak in the line, ^ 

or other cause. ^ 

A locking hand l— fTft 
wheel positively - 

locks the feed mech- ^ | 

anism in its closed ! 

position when the ^ J 

generator is not in 

^ Oxweld Portable Generator 

service. 

A complete system of interference devices 

connecting the filling cap, feed mechanism, and 
residuum gate, provides against mistakes in 

operation. 

A diaphragm relief valve is provided, discharg¬ 
ing into the atmosphere, which prevents the pres¬ 
sure rising above normal. 

The usual Hydraulic Back Pressure 
Valve is provided. 

For easy transportation, the gener- 
ator may be mounted on a four-wheel 
X truck. 


Oxweld Portable Generator 


The Oxweld Injector Type Blow- 
w pipe corrects these slight but ^ 

undesirable variations and produces a perfect neutral flame. 

Blowpipe Handles 

May be had in 5 sizes, 14, 17, 23, 28 and 40 inches It 
m length. They are well balanced and of suffi- ■} 

cient length to protect the operator from excessive i\ 
heat radiation. It ^ 

Oxweld Welding Heads 

These heads are supplied in 10 ^ 

sizes and are interchangeable in any Q eE 
of the 5 sizes of handles. (\ K kB 


Ff W 

( Hi 
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^Oxweld Cutting Blowpipes 

In Oxweld construction the preheat¬ 
ing flame entirely surrounds the oxy¬ 
gen cutting jet. This flame is delivered 
through 6 openings arranged in circular 
form around the orifice discharging the 
high pressure oxygen jet. This enables 
the preheating flame to always precede 
the oxygen cutting jet, without turning 
the blowpipe or causing the operator to 
change his position. The Injector prin¬ 
ciple is used in this blowpipe as in the 
Welding Blowpipe. A separate regulat¬ 
ing valve controls the oxygen supply to 
the preheating flame, permitting closer 
adjustment of the flame to the work in 
hand. 

Oxweld Cutting Blowpipes are adapt¬ 
ed for cutting metals from Ys to 12 
inches in thickness. 

All Oxweld Apparatus is tested and 
listed as standard by the Underwriters’ 
Laboratories for installation on insured 
premises. 
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gjg COPPER AND BRASS PRODUCTS. 


AMERICAN BRASS CO. 


THE AMERICAN BRASS COMPANY 

General Offices: WATERBURY, CONN, U. S. A. 


Mills and Factories 

ANSONIA, CONN. BUFFALO, N. Y. KENOSHA, WIS. TORRINGTON, CONN. 

WATERBURY, CONN. 




Anaconda Copper and Brass Products 


Products 

Wrought non-ferrous materials for manufactur¬ 
ing into mine equipment and supplies, including 
Trolley Wire; Bare and Weather-Proof Wires and 
Cables; Screen Plates; Screen Wire; Pipe—^Brass, 
Copper and Alloy; Brass and Bronze Products. 


Copper Wire and Cable 

Hard drawn Copper trolley wire, round, grooved, 
figure 8 and special patterns. 

Special alloy trolley wire of extra high tensile 
'Strength for especially hard usage. 

Bare and weatherproof copper wires and cables 
for power transmission. All cables are made under 
rigid specifications and thoroughly tested to give 
maximum tensile strength consistent with high 
conductivity. When so required, each wire will be 
made continuous without a splice throughout each 
length of cable. 


Plates for Screens 

While The American Brass Company does not 
furnish perfoiated metal screen plates, it has for 
many years manufactured special alloy sheets from 
which screen plates and chutes are made. Of 
these alloys Anaconda Manganese Bronze and 
Ambrac Metal are particularly resistant to the cor¬ 
rosive action of mine waters and withstand abrasion 
exceedingly well. 

When ordering screen plates, specify American 
Brass stock which is made from the highest grade 
materials and sold under the Anaconda Trade Mark, 
a symbol of quality control. 


Wire for Screens 

Anaconda quality products also include copper, 
bronze and Ambrac Metal wire made especially for 
weaving into screens. Where exact requirements 
are known these wires can be produced to give the 
maximum service possible under the specific condi¬ 
tion of use. 


Tobin Bronze 

For twenty-five years The American Brass 
Company has been manufacturing Tobin Bronze by 
special processes. This alloy, on account of its re¬ 
sistance to corrosion, high tensile strength, uniform¬ 
ity of texture and ease of machining, has been con¬ 
sidered the best material obtainable for pump liners, 
piston rods, and other mechanical construction 
which operate in contact with water. Tobin Bronze 
rods and shafting are so made as to be thoroughly 
worked from the core to the outside surface, and 
have a uniform hardness and an even distribution 
of internal strains. Repeated investigations have 
proven that Tobin Bronze products are in every way 
more dependable than the so-called equivalents. 


Anaconda Pipe for Water Service 

The American Brass Company makes a specialty 
of manufacturing wrought, non-ferrous seamless 
pipe in standard pipe sizes, that is, the same sizes 
used for iron pipe, either regular or extra heavy. 
Such pipe is trademarked “Anaconda” and made 
from brass, copper, Ambrac Metal, or special alloys 
to meet specific requirements. 

These different classes of pipe will not rust or 
clog and are guaranteed not to split. The corrosion 
resisting qualities of Anaconda special alloys, and 
the acid resisting qualities of Ambrac Met^ make 
them especially desirable for mine uses. 


General Products 

In addition to the above mentioned materials. 
The American Brass Company manufactures Brass, 
Copper and Nickel Silver in every variety of sheet, 
wire, rods and tubes. 


Service 

The benefits of a fully equipped Metallurgical 
Department are offered those who are interested 
in technical pr . blems. 
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THE INTERNATIONAL NICKEL CO. 


MONEL METAL, 9 


THE INTERNATIONAL NICKEL CO. 



General Offices 

67 Wall St.. NEW YORK, N. Y. 



Products 

Metallic Nickel—Shot, Ingot, Electrolytic 

99.8%. 

Malleable Nickel—All Commercial Forms. 
Monel Metal—All Commercial Forms. 


Uses in the Mining Industry 


Screens 

Pumps 

Pump Shafts 

Turbines 

Tie Rods 

Fittings 

Gaskets 

Washers 

Screws 

Wire Rope 


Chutes 

Pump Rods 

Pump Valves 

Impellers 

Tubing 

Fans 

Filters 

Bolts 

Rivets 

Valve Trim 


Tanks 

Pump Liners 

Pump Glands 

Nozzles 

Valves 

Blowers 

Filter Cloth 

Nuts 

Perforated Metal 
Ball Bearings 


Technical Research 

The International Nickel Company maintains a 
technical staff and laboratories for the purpose of 
testing its products under various conditions, and 
our engineers are glad to co-operate in the develop¬ 
ment of any new applications of Monel metal or 
nickel and to assist in the extension of present uses. 


Mmel Metal 

An alloy of 67% nickel, 28% copper and 6 % 
other metals. 


Unique Combinatitm of Pitqierties 

The combined qualities of Monel metal— 
stren^h of steel, corrosion resistance and ability 
to withstand abrasion—^will help to solve your 
metal problems. 



Oliver Monel Metal Filter for Corrosive Materials 

Literature 

Instruction sheets on various methods of work¬ 
ing Monel metal can be had on application, also 
general booklets descriptive of Monel metal and 
nickel products. We have in course of preparation 


a series of booklets with reference to the use of 
Monel metal in the different industries, any or all 
of which we shall be glad to supply as soon as 
available. 



Monel Metal Pump, Chemical Equipment Co., Chicago 


Monel Metal Distributors 
WHITEHEAD METAL PRODUCTS CO. 

67 Washington Street, N., Boston, Mass. 
WHITEHEAD METAL PRODUCTS COMPANY 
OF NEW YORK, INC. 

261 Canal Street, New York, N. Y. 

Branch at—43 North Seventh Street, Phila¬ 
delphia, Pa. 

WILLIAMS AND COMPANY, INC. 

901 Pennsylvania Avenue, Pittsburgh, Pa. 
STEEL SALES CORPORATION 

129 South Jefferson Street, Chicago, Ill. 
PACIFIC FOUNDRY COMPANY 

Harrison and Eighteenth Streets, San Fran¬ 
cisco, Cal. 

EAGLE BRASS FOUNDRY COMPANY 
21 Spokane Street, Seattle, Wash. 

EDW. SCHWARTZ MILL SUPPLY CO., INC. 

520 Toulouse Street, New Orleans, La. 
PECKOVER'S, LTD. 

Foot of West Market Street, Toronto, 
Canada. 

ROBERT W. BARTRAM 

129 Duke Street, Montreal, Canada. 

Some Well Known Users Are 
Lehigh Coal & Navigation Co. 

Trevorton Colliery Co. 

Anaconda Copper Co. 

Nichols Copper Co. 

Calumet & Hecla Mining Co. 

Deloro Smelting & Refining Co. 
Wellman-Seaver-Morgan Co. 

Worthington Pump & Machinery Corp. 

General Electric Co. 

Westinghouse Electric & Mfg. Co. 

The Lunkenheimer Co. 

Hendrick Mfg. Co. 

Cross Engineering Co. 
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THE MORSE BROS. MACHINERY & SUPPLY CO 


820 MACHINERY. 


The Morse Bros. Machinery & Supply Co. 

DENVER, COLORADO 

Used Machinery 

For Mines, Mills, Smelters and Power Plants 

Products 

Machinery—New and Second Hand; Filter Presses; Filters—Continuous Vacuum; Thickeners—Pulp; Tanks—Wood and Steel; 
Crushers—Jaw and Gyratory; Crusher Rolls; Mills—Ball and Tube; Classifler.s—Hydraulic and Mechanical: Concentrating Tables; 
Concentrating Machinery; Dryers—Rotary; Furnaces—Blast: Converters—Copper; Pumps—Power, Steam and Sinking; Rails; 
Drills—Core and Diamond; Tramways—Aerial; Dredges—Hydraulic; Hoists—Steam; Compressors—Air (New and Second Hand); 
Locomotives—Electric; Motors and Generators—New and Second Hand; Water W'heels. 

You can always save money and get immediate shipment on Used Machinery. All of our machinery is carefully gone over 
in our shops to insure everything being in good working condition and to see that it is complete with all fittings and parts. 

The following list gives you an idea of what our stock includes. It is not a complete list, but shows such items as we 
usually have in stock. 


FILTERS 

1—14'xl2^' Portland. 

1— 14'xl2' Oliver. 

4—12'x9' Portland. 

2— 12'x8' Portland. 

1— 12'x7%' Portland. 

2— No. 850 Kelly Filters. 

6—No. 450 Kelly Filters. 

1—24''x24" Perrin, 55 plates. 

1—24"x24" Johnson, 55 plates. 

11— 6'x6' Filter Leaves. 

12— 5.4"x4.6" Filter Leaves. 

THICKENER MECHANISMS. 

4—40'x7' Thickener Mechanisms, with steel 
tank. 

2—10'xl2' Thickener Mechanisms, with trays. 

2— 36'xl2' Thickener Mechanisms, with trays. 

3— 32' dla. Thickener Mechanisms, only. 

2— 30'xl0' Thickener Mechanisms, with steel 
tanks. 

3— 28' dla. Thickener Mechanisms, only. 

1—18' dia. Thickener Mechanisms, only. 

We have a large number of both steel and 
wood tanks which we can arrange for use 
with above. 

CRUSHERS. 

1—15x24 Blake. 2—4%x6 Dodge. 

1— 10x20 Blake. 1—No. 7^6 Austin Gyratory. 

4— 9x15 Blake. 1—No. 5 Austin Gyratory. 

2— 7x10 Blake. 2—No. 4 Gates Gyratory. 

1— 4x10 Blake. 1—No. 1 Gates Gyratory. 

1— 7x10 Dodge. 1—No. 3 Samson. 

ROLLS. 

1—Set 36x16 Power & Mining Machy. Co. 

1— Set 36x16 Davis. 

2— Set 30x14 Power & Mining Machy. Co. 

1— Set 27x14 McFarlane. 

2— Set 27x14 Davis. 

1— Set 27x14 Walker. 

3— Set 20x12 McFarlane. 

2— Set 20x12 Stearns-Roger. 

BALL MILLS. 

1—8'x6' Gates. 2—5'x4' Standard. 

1— 6'x6' Allis Chalmers. 1—4'x4' Standard. 

4— 5Vsx6' Standard. 2—4'x3' Standard. 

1— 6'xl6" Hardlnge. 1—3'x3' Standard. 

TUBE MILLS. 

2— 5'x22' Allis Chalmers, Steel Lined. 

1—5'xl6' Allis Chalmers, Silex Lined. 

I—5'xl4' Allis Chalmers, Silex Lined. 

1— 6'xl2' Allis Chalmers, Silex Lined. 

2— 4Vi'xl2' Allis Chalmers, Silex Lined. 

CLASSIFIERS. 

7—45-in. Akins. 

3— Model C Dorr Duplex—19 ft. 8 in. long. 

1—.Model C Dorr Duplex—Standard length. 

1—Allis-Chalmers Annular Classifier. 

1—Richards Vortex Classifier. 

1—4-in. Richards Pulsator Classifier. 

CONCENTRATORS. 

10—No. 5 Wilfiey Tables. 

C—No. 6 Wilfiey Pattern Tables, new. 

12—Model C, Card Concentrators. 

1—No. 2 Deister Concentrator. 

12—6' Allis Chalmers Fruo Vanners. 

DRYERS REVOLVING. 

1—54"x22' Revolving Dryer. 

1—36"x20' Revolving Dryer. 

1—30"xl8' Revolving Dryer. 

SMELTING EQUIPMENT. 

I—42"xr20" Taylor Copper Matting Furnace. 
1 —42"xl20" Davis Copper Matting Furnace. 
1 —3S"x96" Davis Copper Matting Furnace. 

1— 42" Hound Copper Matting Furnace. 

2— Clipper Converters with Stands. 

PUMPS—Power. 

I—6^i\4/e\24 Reidler, Horizontal. 

3— 10x10 Deane. Vertical Triplex. 

1— 9x10 Deane. Vertical Triplex. 

1 — 8x12 Gould. Vertical Triplex, Double 
Acting. 


3—D,2xI 2 Dean Horizontal, Double Acting. 

1—8 xlO Deming Vertical Triplex. 

1—7 X 8 Platt Vertical Triplex. 

1— 5i^x 8 Deming Vertical Triplex. 

2— 5 X 8 Deane Vertical Triplex. 

1—5 X 6 Aldrich Horizontal Triplex. 

1— 3 V 2 X 6 (Jould Vertical. 

1—5 H. P. F. M. Gasoline Geared POmping 
Engine. Cap. 125 G. P. M. 

PUMPS—Steam, outside packed. 

1 —15 and 26x8x24 Knowles Duplex Com¬ 
pound. 

6—14 and 20x7*4x19 Worthington Duplex 
Compound. 

10—25 and 38x4%x24 Worthington Duplex 
Compound. 

1—9 and 14x10x12 Smith Vaile Duplex Com¬ 
pound. 

1—14x6x12 Knowles, Single. 

1—^10x6x12 Jeanesvllle, Duplex. 

1— 9x5x10 Buffalo, Duplex. 

1— 6x4x 6 F-M Duplex. 

1— 6x4x 6 Knowles, Duplex. 

1— 6x3x 6 F-M Duplex. 

PUMPS—Steam—General Service. 

1 —14 and 20x10x18 F-M Duplex Compound. 
1—14x10^x12 Knowles Duplex. 

1—14x10x10 Deane, Duplex. 

1— 14x18*4x12 Snow, Duplex. 

2— 14x7x12 F-M Duplex. 

I—12x7x12 Snow, Duplex. 

1—10x6x12 F-M, Duplex. 

1—10x6x10 Snow, Duplex. 

1—8x6x10 Snow. Duplex. 

1—12x5x12 Snow, Duplex. 

1- 8x8x12 F-M, Duplex. 

1 — 8x5x12 F-M, Duplex. 

1—7*4x4^xl0 Deane. Duplex. 

8—6x4x6 Duplex Pumps. 

1—5 *4x3*4x5 Deane Duplex. 

1—4^x3x4 F-M, Duplex. 

1—16x8x20 Hooker, Single. 

1—16x8x12 Knowles. Single. 

1—10x8x12 Marsh, Single. 

1—10x5x12 Davidson, Single. 

1— 7x4M!x 10 Card & Weber, Single. 

2— No. 5 Cameron. 

2—No. 3 Knowles. 

SINKING PUMPS. 

2 — No. 11 Cameron. 

;>—No. 9B Cameron. 

1—No. 8 Cam Ton. 

3— No. 7 Cameron. 

1—10x5x12 Snow', Duplex. 

1—7x:j*4xl0 Snow, Duplex. 

3—No. 5 Cameron. 

1—5x6 Knowles Electric Sinker. 

1—4*4x6 Gould Electric Sinker. 

RAIL. 

10000 —Ton 60-lb. Rail with Angle Bars. 

600—Ton 56-lb. Rail w'lth Angle Bars. 

1850—Ton 50-lb. Rail with Angle Bars. 

225—Ton 40-Ib. Rail with Angle Bars. 

1000—Ton 12-lb. Rail with Angle Bars. 

7—No. 6 Switches, for 56-lb. Rail. 

DIAMOND DRILLS. 

1 —Size "C” Sullivan Diamond Drill. Ca¬ 
pacity 1,500' with rods. 

1—Longyear Diamond Drill. Capacity 500', 
with rt»ds. 

1--Davi.s-Calyx Core drill. Capacity 350'. 

TRAMWAYS. 

1 —16-’{i Mile Leschen Tramway. Cap. 40 tons. 
1 -Smile. Same as above, 

I—4-mile. Same as above. 

1 — 114 -mile Leselien Tramway. Cap. 20 tons. 
1—1-mile Blelehert Tramway. Cap, 10 tons. 

DREDGE. 

1 —:C4 cn. ft. Marlon Gold Dredg\ Electri¬ 
cally driven, or can arrange for steam po. er. 

HOISTlS—S team. 

1 —16x24 Nelsonville. Doulile Dnim. 
l---lii\r2 H. A- B,, Double Drum. 

1-14x18 Lidgerwood Single Drum. 


1— 11x15 Gates, Single Drum. 

2— 10x14 Davis. Single Drum. 

1— 10x12 Vulcan, Single Drum. 

2— 8x10 Vulcan, Single Drum. 

1— 6x 8 McFarlane, Single Drum, 

4—6x 8 Double Friction, Single Drum. 

1—5x 6 Davis, Single Drum. 

1—Anaconda Prospectors Hoist. 

HOISTS—Belt Driven. 

1 — Double Drum Hoist, Single Friction. 
Drums 16 in. x 23 In. 

4—Single Drum Holsts, Double Friction. 

2— Single Drum Hoists, Single Friction. 

COMPRESSORS—Belt Driven. 

2 — 8x 8 Bury, Single Stage. 

1—lOx 8 Franklin, Single Stage, 116 c. f. 

1—14x 9x11 Franklin Two Stage 314 c. f, 

1—16x10x12 Ingersoll Two Stage 410 c. f. 

1—16x10x18 Leyner Two Stage 481 c. f. 

1—16x18 Ingersol, Single Stage 505 c. f. 

1—25^x14^x14 Ingersol], Two Stage 1100 c.f. 
1—22x13x36 Reidler, Two Stage 1400 c. f. 

6—15x26x24 Laidlaw, Two Stage 2,570 c. f. 

COMPRESSORS—Steam Driven. 

1 —6x6x6 Ingersoll Single Stage, 29 c. f. 

1— 14x14x22 Rand Single Stage. 391 c. f. 

2— 14^x16x10x17 Leyner Two Stage, 427 c. f. 
1—14xl6.x9%xl6 Norwalk Two Stage. 558 c.f. 

1— 16x18x11x22 Leyner Two Stage, 648 c. f. 

2— 9x17x15x9^x12 Laidlaw Two Stage, 623 
c. f. 

1—18x30x26x16x24 Laidlaw Two Stage, 1,314 
c. f. 

1—13.\22x 13x22x36 Reidler Two Stage, 1,400 
c. f. 

1—8x8x4*4x2%x8 Clayton Co., 2 Compressor. 

LOCOMOTIVES—Electric. 


3 —10-ton Gen. Electric 36-in. gauge, 250 volt. 
2—6-ton Morgan Gardner, 24-ln., 250 volt. 

MOTORS—A. C.—3 ph. 60 cy. 


1 

300-H. P. 

G. E., 

2200-volt. 

1800 R. P. M. 

1 

300-H. P. 

G. E., 

2200-volt, 

1200 R. P. M. 

3 

175-H. P. 

G. E., 

440-volt, 

600 R. P. M. 

1 

225-H. P. 

G. E., 

2200-volt. 

900 R. P. M. 

1 

225-H. P. 

0. E., 

440-volt, 

900 R. P. M. 

1 

150-H. P. 

West., 

2200-volt. 

1800 R. P. M. 

1 

1.50-H. P. 

G. E., 

440-volt, 

600 R. P. M. 

1 

100-H. P. 

G. E., 

440-volt. 

720 R. P. M. 

1 

75-H. P. 

G. E., 

440-volt, 

720 R. P. M. 

1 

75-H. P. 

G. E., 

440-volt, 

900 R. P. M. 

2 

50-H. P. 

Al.-Ch.. 

440-volt, 

1200 R. P. M. 

6 

40-H. P. 

G. E.. 

440-volt, 

1200 R. P. M. 

8 

30-H. P. 

G. E., 

440-volt, 

1200 R. P. M. 

6 

25-H. P. 

G. E., 

440-volt. 

1200 R. P. .M. 

4 

25-H. P. 

G. E., 

440-volt, 

900 R. P. M. 

3 

20-H. P. 

G. E., 

440-volt, 

900 R. P. M. 

18 

15-H. P. 

West., 

440-volt, 

1200 R. P. M. 

7 

15-H. P. 

G. E., 

440-volt, 

900 R. P. M. 

8 

10-H. P. 

West., 

440-volt, 

1800 R. P. M. 

5 

10-H. P. 

0. E.. 

440-volt, 

1200 R. P. M. 

10 

10-H. P. 

G. E., 

440-volt, 

900 R. P. M. 

3 

7*4 -H. P. 

G. E., 

220-volt, 

1800 R. P. M. 

12 

7*4 H. P. 

G. E., 

440-volt, 

1200 R. P. M. 

15 

5-H. P. 

G. E., 

440-volt, 

1200 R. P. M. 


ID D-n. sr p 

MOTORS—Direct Current. 


1 

133-H. P. West., 

500-volt. 

600 R. P. 

M. 

1 

125-H. P. G. E., 

500-volt. 

740 R. P. 

M. 

1 

95-H. P. G. E., 

500-volt, 

700 R. P. 

M. 

1 

75-H. P. West., 

500-volt, 

600 R. P. 

M. 

1 

.55-H. P. G. E., 

500-volt, 

925 R. P. 

M. 

1 

30-H. P. G. E., 

230-volt, 

1000 R. P. 

M 

2 

25-H. P. West., 

250-volt, 

600 R. P. 

M. 

1 

25 H. P. G. E.. 

500-volt. 

415 R. P. 

M. 

1 

20-H. P. C. & C.. 

250-volt, 

1400 R. P. 

M. 

1 

20-H. P. G. E.. 

500-volt, 

600 R. P. 

M. 


1 7*4-H. P., West., 230-volt, Inclosed. 

WATER WHEELS. 

3—6' Do r. Ml er Double Nozzle. 

6—5' De Remer Double Nozzle. 

1—4' Hug Double Nozzle. 

1- 38" Lcffell Single Nozzle. 

1 -3' Hug Single Nozzle. 

1—24" Hug Single Nozzle. 

1—IS" Pelton Single Nozzle. 


COMPLETE MACHINERY STOCK LIST SENT ON REQUEST 
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THE SALT LAKE HARDWARE CO. 


MI NE, MILL AND SMELTER MACHINERY. ^21 


THE SALT LAKE HARDWARE CO. 

SALT LAKE CITY, UTAH POCATELLO, IDAHO 


Distributors of 


Mine, Mill and Smelter Machinery, and Supplies 


Products 


Wire Rope; Powder; Dynamite; Fuse; Belting; 
Mine Hose; Drill Steel; Picks; Ore Cars; Ventila¬ 
tion Equipment. 



Electric Hoists 

Denver Engineering Works Company. For 
metal and coal mining operations. Manufactured 

in .size.«« from small section- 
alized hoists for mule-back 
transportation, to 
large heavy duty 
hoists designed for 
each installation. 
Single, dou¬ 
ble, or triple 
drum. Ver¬ 
tical or in¬ 
cline shafts. 
Winding engines for 
continuous haulage. 

Electric Holst 4QQ 



Fig. 50 . Size S^xS to 8%x8, with 
Type “B” Drive. Capacity 5 ^x 8 size, 
8,800 gallons per hour. 


Triplex Pumps 

Deming. For 
Mine Station 
Service where 
large quantities 
of water are to 
be handled 
against high 
heads. Furnish¬ 
ed in belted, 
geared, or silent 
chain motor 
drive. 


For full description of Deming pumps see pages 
466 and 457. 



Double Reduction, 
Direct Geared 


Electric Triplex Sinking Pumps 

Aldrich Pump Company. 
In scarcely any case are the de¬ 
mands on a pump so severe as 
in mine sinking. The condi¬ 
tions are essentially such that 
it is extremely difficult to hold 
the pump securely while in op¬ 
eration and the working parts 
are often partially or entirely 
submerged. There is also a 
constant falling of grit and 
dirt, and the water pumped is 
always extremely muddy or 
gritty and sometimes acidu¬ 
lous. 

The Aldrich Electric Tri¬ 
plex Sinking Pump is designed 
to meet all these conditions. 


For full description of Aldrich Pumps see pages 
452 and 453. 



Primary Breaker 



Primary Breakers 

Smith Engineering Works. Telsmith Primary 
Breakers, sturdy and efficient, for initial crushing 
or the breaking of the mine-run into coarse pieces. 
Write for Bulletin. 

Western Diesel . 
Engine 

Western Ma¬ 
chinery Company. 
An internal com¬ 
bustion engine of 
the vertical 4-cycle 
enclosed crank 
case, medium 
speed, Diesel ts^pe. 
Embodies excep¬ 
tionally high effi¬ 
ciency and fuel 

Diesel Engine 

for Catalog. 



Moloney Transformer. 


Transformers 


Moloney Electric Co. 
More active copper and 
iron, with resultant over¬ 
load carrying capacity 
and lower operating tem¬ 
peratures, characterize 
Moloney Transformers. 

For full description of 
Moloney Transformers 
see page 261. 
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SECTION XXJV 

Mine and Mill Supplies 


i^THEii 

^MININGi 

kCAlAlOCi 



FOR INDEX TO ALL ENGINEERING DATA SEE PAGES 5 TO 12. 


FOLLOWING MANUFACTURERS and DEALERS 
REPRESENTED IN THIS SECTION 



Byers, A. M. Co. 

Colonial Supply Co. 

Duff Mfg. Co. 

Goodrich, B. F. Rubber Co., The 
Indiana Foundry Co., Inc. 


FOR LIST OF EQUIPMENT USED IN MINING AND QUARRYING 
SEE PRODUCTS INDEX (Blue Sheets) 
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WAREHOUSE RECORDS. g23 


WAREHOUSE RECORDS 


The following warehouse records have been 
taken from McGarraugh’s Mine Bookkeeping (Mc¬ 
Graw-Hill Book Co.) and represents a system suit¬ 
able for small and moderately sized mines. The 
S^k on Hand Index, Warehouse Requisitions and 
Supplies Distribution are essential records; the 
Subsidiary records are: Way-bills; Requisitions for 
Bills-of-kbterial; Materials Returned and Inven¬ 
tories. 

Way-bills (Fig. 21) 

Where the mine is located at a distance from 
the railroad, a representative must be arranged for 
at the railroad station to receive freight and to 
forward it to the mine. If ore shipments are made, 
he arranges for cars and attends to the loading and 
shipping of the ore to the smelter. At small sta¬ 
tions the railroad agent is usually employed to look 
after the company’s shipping. Ibis representative, 
or forwarding agent as he is called, advises the 
general office by mail or telephone concerning the 
contents of each shipment of supplies as received 
at the station. He supervises the loading of freight 
for transportation to the mine and furnishes each 
freighter with a way-bill for the contents of his 
load. The way-bill states the number of pieces, as 
barrels, boxes, sacks, etc., which each freighter has 
received, together with the contents, gross weight 
and destination of each item. The way-bills are 
numbered and are made out in triplicate; the orig¬ 
inal is given to the freighter, one copy is mailed to 
the mine office, and the other is held by the agent. 
All three copies are signed by the freighter upon 
receiving his load. When the freight is delivered 
at the warehouse the clerk checks the way-bill with 
the load as received and ffies it. The freighter is 
issued an order upon the cashier for the amount 
due, if the hauling is done by contract. The ware¬ 
house clerk should be provided with forms for 
notifying the general office of all supplies received. 



Vugiiiia M. A If. Co. 

Way-bffl No. 2748 
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Stock on Hand Index (Fig. 22) 

The object of this record is to show at all times 
the stock of supplies and materials on hand at the 


warehouse for which it is kept. A card index is 
usually used for this purpose; a separate card is 
kept for each size and variety of every kind of 
material or article in stock. Warehouse issues are 
posted directly to the Stock Cards from the Ware¬ 
house Requisitions. With items of stock which are 
constantly being issued in small quantities, as nails, 
waste, etc., the necessity of making many entries 
upon the stock cards can be avoid^ by charging 
out such articles upon the cards to a reserve stock 
in sufficient quantity to last for several days at the 
normal rate of consumption. New stock is entered 
upon the cards when received at the warehouse. 
On the example of Stock Card shown in Fig. 22 the 
symbol -f is used to denote new stock received 
and — to denote stock issued; the warehouse in¬ 
ventor taken on Jan. 1st showed 167 lbs. 4" wire 
nails in stock; on Jan. 2d 8 lbs. was issued, leaving 
159 lbs. on hand; on the 3d 300 lbs. of new stock 
was received, making a total stock on hand of 459 
lbs., etc. The unit cost is entered to the card from 
the Cost Book in pencil, so that the amount can be 
changed with each new shipment received. When 
the s^k on hand falls below the minimum allowed, 
the clerk should notify the general office. Orders 
for warehouse stock should be made out or checked 
by someone who is familiar with the current needs, 
so that materials no longer used will be recognized 
and those for which the rate of consumption has 
changed may be ordered in quantities to meet pres¬ 
ent conditions. 



The warehouse clerk should be required to in¬ 
ventory parts of his stock from time to time, to 
see that the warehouse system is running smoothly 
and that his cards agree with the actual stock on 
hand. Only small discrepancies should occur, and 
these are corrected upon the cards as they appear, 
the general office being notified regarding shortages 
so that they may be charged out at the end of the 
month to the current operations. These charges 
for shortages in the warehouse stock may be dis¬ 
tributed to the various accounts in the proportion 
of monthly distribution of the supplies issued. 
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g24 WAREHOUSE RECORDS. 


Stock Books (Fig 23) 

At points where materials are kept on hand, but 
no clerk is employed, as at small outside prospects, 
etc., a card index will not be needed for keeping 
account of the supplies. The record will usually be 
kept by persons of little or no clerical ability, and a 
strong book, ruled off to suit the requirements, will 
be found more satisfactory. Fig. 23 shows a form 
of Stock Book of this kind. The book is kept in a 
similar manner to the stock cards, a full page or a 
part of a page being given to each item. Only im¬ 
portant supplies should be carried in stock at such 
places, small items being charged out to the work 
at once whenever possible. The reports at the end 
of the month from these places should include an 
inventory of the actual stock on hand, so that the 
issues and receipts can be checked by the difference 
of the stock from month to month. As a rule, such 
records are kept in a more or less haphazard man¬ 
ner; they are usually subject to many errors and 
these must be hunted down at the office. 


Article 

*5 

D 

1 

► 

1 

1 

On Hand 

luued for 
what purpose 

BUuttHg Cap§, 5X 

taeh 


800 


800 




th 


100 

700 

To Simpson, contmctor 



*/e 


10 

690 

Development 





ts 

665 























— 

— 


— 

—■ 

- 



Fio. 23.—Stock Book. 


Warehouse Requisitions (Fig 24) 

The issuing of materials and supplies from the 
general storehouse to the numerous ramifications 
of the work is one of the most potent sources of 
loss in the direction of mining operations. Work¬ 
men, as a class, are notoriously wasteful of com¬ 
pany stores, and it is only by keeping a vigilant 
watch over the delivery of supplies that extrava¬ 
gance and waste, as well as dishonesty, can be 
prevented. The simple knowledge that a close 
check is being kept upon the materials issued will 
do much to promote economical methods. Supplies 
should be issued from the warehouse only upon the 
presentation of an order, made out and signed by a 
foreman or some other authorized person. How¬ 
ever, care in the issuing of supplies does not imply 
needless formality or waste of workmen's time; the 
material called for should be dispatched from the 
warehouse with as little delay as possible when the 
requisition is delivered. These Warehouse Requisi¬ 
tions constitute the clerk's receipts for supplies 
issued; they should show a clear statement of the 
use to be made of the materials ordered. By using 
separate requisitions for materials to each sub¬ 
account, they can be segregated for convenient ref¬ 
erence. At the end of the month they should be 
filed together in a binder, tab indexed to show the 
requisitions to each subaccount. 

Foremen and workmen should be encouraged to 
practice rigid economy in the use of supplies; they 
should be made to feel that the consumption of 
warehouse stock is under the critical eye of the 
management, and that judgment and care in the 
use of supplies will be recognized and rewarded. If 
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left to itself, a requisition system will invariably 
degenerate into a mere formality. The foreman is 
usually occupied with numerous duties and unless 
he makes a special effort to find out the purpose 
for which the supplies are intended and sees that 
they are used for that purpose the workmen soon 
learn that to obtain all the material wanted is only 
a matter of asking for the requisition. 


SI 

o 

o 

6 

Date April 9, 193- 

Warehouse Clerk: Please deliver the following: 

4 rtieU 

Quantity 

Amt. 

Intended for 
what purpoae 

Group 

No. 

H"' g*lv. pipe 
H'' elbows 
Htee 

40 ft. 

3 

1 



Dwelling #34 
Dwelling #34 
Dwelling #34 

17 

17 

17 

Note: Use for supplies to one subaccount only. 

Foreman 


Fio. 24.—WarthouM RaquUtioa. 


Requisitions for Bills-of-Material 

Bills-of-Material or Job Requisitions should be 
employed whenever they can be used. With this 
method the quantities of materials needed for any 
job are determined as exactly as possible, usually 
by the engineering department, and bill-of-material 
for the job is sent to the warehouse. The materials 
called for upon this statement are then subject to 
delivei^ to any responsible person, upon his giving 
a receipt. Spoiled material must be returned to the 
warehouse to be replaced, and material in excess of 
the amount stated upon the bill-of-material will not 
be issued without an explanation from the foreman 
and authorization from the office for the issue of 
the additional material required. No loss of time 
should be incurred by the application of this rule, 
as the foreman should be required to keep account 
of the condition of his allowance of materials and 
to give notice that an additional supply will be re¬ 
quired before the deficiency occurs. 

Supplies Distribution (Fig 25) 

The object of this record is to make the final 
distribution of the daily issues of materials and 
supplies from the warehouse to the accounts bene- 
fitted. It also furnishes a permanent record of the 
materials used on each job or operation. The classi¬ 
fication of supplies to be used with this record will 
vary with conditions; the following classification is 
given in the example shown in Fig. 25: 


Group 

No. Group. 


1. 

Bolts, nuts, washers. 

etc. 

2. 

Brick, cement, etc. 


3. 

Locomotive, car and 
Carbide and candles. 

truck parts. 

4. 


5. 

Chemicals. 


6. 

Drill parts. 


7. 

Drill steeL 


8. 

Explosives. 


9. 

Electrical supplies. 


10. 

Fuel. 


11. 

Iron and steel. 


12. 

Lumber and mine timber. 

13. 

Miscellaneous. 


14. 

Nails, screws, etc. 


15. 

Oils, grrease, etc. 


16. 

Packing:, waste, etc. 


17. 

Pipe and fittings. 


18. 

Tools. 


19. 

Track and supplies. 
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WAREHOUSE RECORDS. g25 


A separate Supplies Distribution sheet is car¬ 
ried for each active account; these sheets are posted 
daily from the Warehouse Requisitions. From the 
Supplies Distribution the total warehouse charge 
for the month to each account is posted to the Gen¬ 
eral Distribution sheet, which is carried at the 
general office. After the records have been closed 
at the end of the month, the Supplies Distribution 
sheets should be filed under the headings of the 
accounts, rather than by months, so that the costs 
of supplies and materials used on any job can be 
found without loss of time. 


that the amount of actual shortage cannot easily 
be determined. By charging out the warehouse 
issues at cost, or at a fixed percentage above cost, 
a definite check on the warehouse issues can be 
obtained. Any difference at the end of the period 
between the inventory value and the book cost 
should be charged off to Profit and Loss, or it may 
be charged out at once or during, the next period 
in the proportion of the material charged to the 
various accounts. If a “selling” percentage is 
added, it should be changed after each inventory 
to maintain the balance as closely as possible. The 


1 SUPPLIES DISTRIBUTION 

Month of Se] 

;»tember. 

192- 




BB 

Group 

ID 

D 

a 

n 

D 

D 

D 

Dl 

D 

m 

n 

BolU, Nuts, Washers, etc. 










_ 

fT" 

Brick, Cement, etc. 










_ 

hr 

Loco,, Car Truck Parts 










_‘ 

B 

Carbide & Candies 











B 

Chemicals 










_ 


Drill Parts, etc. 

$70 


fno 







-1 

B 

Drill Steel 










IJ 

rr 

Explosives 











;B 

Electrical Supplies 











m 

Fuel 











m 

Iran dt Steel 

200 









_ 

m 

Lumber & Timber 











Id 

Miscellaneous 










_ , 

wm 

Nails, Screws, etc. 










_ 

B 

Oils, Grease, etc. 

lEl 

iSI 








_ 

EH 

Packing, Waste, etc. 



m 







- \ 

m 

Pipe db Fittings 











m 

Tools 











m 

Track & Supplies 






















_ 

1 

Totals 
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Account , Compreggon 
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Total 
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Fio. 25.—Supplies Distribution. 


Inventories 

An inventory of all warehouse stock should be 
taken at regular intervals, usually twice yearly. 
Losses from handling, leakage, etc., are unavoid¬ 
able, and to prevent any considerable difference 
between the book cost and the actual inventory 
value of stock on hand, a small percentage above 
cost may be allowed in charging out warehouse 
supplies; this should not exceed 5 per cent, and 
will usually be less. The percentage to be allowed 
may be changed from time to time in order to 
make the inventory value of the warehouse stock 
check out as closely as possible at the end of the 
period with the book cost. This method of an 
adjustable “selling” price has the disadvantage 
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principal items of supplies, as explosives, carbide, 
etc., should be inventoried at the end of each month 
and any shortage corrected by charging them out 
to the current accounts for the month. 

Materials Returned 

Materials are sometimes issued and not used, or 
they may be used for a time and then returned in 
good condition to the warehouse. A Materials Re¬ 
turned slip, preferably on colored paper, should be 
used to give credit to the proper accounts for sup¬ 
plies and materials returned to the warehounej 
Credits entries for these items are made upon the 
Supplies Distribution and upon the General Dis¬ 
tribution in red ink. 
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82fi WROUGHT IRON PIPE. 


A. M. BYERS COMPANY. 


A. M. BYERS COMPANY 

Established 1864 
PITTSBURGH. PA. 

Genuine Wrought Iron Pipe, Couplings and Nipples 

Black and Galvanized. Sizes, 1-4 in. to 12 in. Standard, Extra Heavy, Double Extra Heavy. 




Look for the Name and Year rolled in every length 


General 

Owing to low price and ease of production, 
steel many years ago replaced wrought iron for 
the manufacture of wire, nails, sheets, rails and 
structural shapes. Such, however, is not the case 
with pipe, for the tonnage of Byers genuine 
wrought iron pipe continues to advance as its 
value for water, steam, and gas lines becomes more 
and more wideley recognized. 

The reasons for the strong hold on consumers of 
genuine wrought iron pipe is that it possesses four 
cardinal features which differentiate it from steel 
pipe. While these features are common to all GEN¬ 
UINE wrought iron, it should ba borne in mind 
that there are different qualities of wrought iron, 
and all do not possess these features to the 
same degree; also the name BYERS has bean asso¬ 
ciated with the term GENUINE wrought iron for 
so long that today the two are synonymous. 

The four features of Byers Pipe are as follows: 

1. Resistance to Corrosion—Iron when taken 
out of the puddling furnace consists of a spongy 
mass of plastic iron globules thinly coated with 
slag or cinder. During the rolling process the 
globules become elongated and the slag takes the 
form of fine bands lying between the long iron 
fibres. This slag is composed of non-corrosive 
silicates. 

It is due to the presence of more than 250,000 
of these slag bands to every square inch of metal 
(cross-section) that Byers pipe shows such great 
resistance to corrosion. When corrosive agencies 
begin to act, more and more of the slag becomes 
exposed, and thus protects the underlying metal, 
considerably minimizing the effect of pitting. 
There is no protective slag present in steel and, 
consequently, when corrosion starts there is noth¬ 
ing to retard its progress and the result is a deep 
pit which, in a comparatively short time, tends to 
penetrate the wall of the pipe. 

2. Better Welding—^The efficiency of a weld is 
measured by the effectiveness of the union of metal 
to metal, ^^en welding steel, the blacksmith uses 
borax as a flux to assist adhesion, but such fluxing 
is obviously impracticable in making pipe. On the 
other hand, the welding of wrought iron requires 
no addition of flux, the slag content making it self- 
fluxing. This explains why the weld in wrought 
iron pipe is more efficient than in steel. Crush¬ 
ing tests show that in 94 cases out of a hundred, 
the weld in Byers pipe is as strong or stronger than 
the body-metal. 
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3. Threading—The superior threading quali¬ 
ties of Byers pipe are due to the characteristic 
wrought iron fibrous structure, which causes the 
chips to break or crumble, thus reducing friction 
and preventing the chip space from clogging. The 
result is a clean, minutely accurate thread which 
will make a permanently strong, leak-proof joint. 
The inherent advantages of the metal, aided by the 
high standard of threading maintained in the 
Byers mills, makes for the utmost in strength, 
toughness, tightness and alignment of pipe joints. 

4. Resistance to Shocks and Vibration—^The 
fibrous nature of the iron enables Byers pipe to 
withstand shocks and vibration much better than 
steel, in spite of the slightly hig-her tensile 
strength of the latter. Figures for tensile strength, 
elastic limit and elongation are valueless as a 
criterion of endurance under vibratory stresses and 
repeated shocks. 

Steel resembles glass in its characteristics and 
any minute fracture soon devdops to failure when 
subjected 'to vibration, expansion, shocks and 
stresses. On the other hand, the slag in 
wrought iron arrests the progress of minute 
fissures before they can develop to appreciable size. 
Steel may further be likened in structure to a solid 
bar of metal, while wrought iron resembles strand¬ 
ed wire cable. 

The ability of wrought iron to withstand severe 
shocks without fracturing is nowhere of greater 
importance than in mine service where falls of the 
roof are likely to occur, and in pumping and power 
plant service where there is more or less vibration. 
Experience has shown that wrought iron bends 
under repeated stresses while steel shatters. 

Identification—Excepting only the smallest 
sizes, all Byers pipe has the Name and Year of 
Manufacture rolled in the iron every three or four 
feet as shown in the illustration. 

Ask for Bulletin No. 26A, “What Is Wrought 
Iron ?”; Bulletin No. 27, “The Experience of Prac¬ 
tical Men”; Bulletin No. 30, “An Investigation of 
Pipe Corrosion”; Bulletin No. 32, “Corrosion of 
Cast Iron, Wrought Iron and Steel Pipe in House 
Drainage Systems”; Bulletin No. 38, “TTie Installa¬ 
tion Cost of Pipe”; Bulletin No. 41, “Facts About 
Galvanized and Other Coated Pipe.” 

Specific cases, showing the life of wrought iron 
and steel pipe in service in and around mines, will 
be furnished upon request. 
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THE DUFF MANUFACTURING CO. 


JACKS. 


THE DUFF MANUFACTURING CO. 

Main Office and Works 

ra PITTSBURGH, PA. \D7 

BBx New York—50 Church St. San Francisco—Monadnock Bldg. \/ 

Chicago—-Peoples Gas Bldg. Houston—Southern Pacific Bldg. ▼ 


New York—50 Church St. 
Chicago—Peoples Gas Bldg. 
Atlanta—Candler Bldg. 


San Francisco—Monadnock Bldg. 
Houston—Southern Pacific Bldg. 

St. Louis—Railway Exchange Bldg. 


Exclusive Manufacturers of 


Duff and Barrett Jacks—^Makers of High Grade Drop Forgings 


Duff Emergency Jacks 

A jack of wide adaptability 
in mines on account of the claw 
which grapples the load at al¬ 
most any angle. Especially val¬ 
uable for replacing locomotive or 
coal car in case of derailment. 

Forged steel claw is hung on 
a ball and socket joint so that it 
is free to swivel sideways 120® 
(around the jack) and out from 
the base when the latter is set 
in an inclined position. This 
jack is single acting and the full 
rated capacity may be lifted on 
either the head or the claw. 



otherwise stated, all orders will be filled without butt end 
caps. Timbers are not furnished. Round washer plates 
without flanges can be furnished instead of square ones, 
when so ordered. In ordering, give diameter and length of 
screw and size of cap wanted. 


Dlam. 

of 

Screw 

Inches 

Len|:th 

Screw 

Inches 

Size of 
Cap or 
Washer 
Plate 
Inches 

Weight 
per 
Dozen 
in Lbs. 

Code 

Word 

List Price 
per 
Dozen 
Sets 

Butt End 
Cape 
per 
Dozen 

1 % 

14 

4x 1 

175 

Tack 

$18.00 

> 3.01 

1 % 

14 

6 x 6 

192 

Tag 

20.00 

4.0C 

1 % 

18 

6 x 6 

214 

Tank 

22.00 

4.0C 

2 

18 

6 x 6 

384 

Tar 

38.00 

.5.0( 

2 

18 

Sx 8 

410 

Teak 

40.00 

7.0( 

2 

18 

10 x10 

450 

Tenor 

42.00 

10 .OC 

2 

IS 

9x12 

444 

Tern 

44.00 

n Of 


jack Capacity Height Height Raise Weight Code List 

No. in Tons of Top of Toe Inches Pound.s Word Price 

239 15 22" iov^ 110 ' Emcy $55.00 


Duff Screw Fittings for Timber Braces 

These screw fittings are used for mine shaft work in 
connection with timber struts or braces, in any length 

from two to thirty 

I_ L feet. Easily put in 

place and removed. 
A few turns of the 
lever nut tightens the 
brace in position. Save 
f much time and labor, 

and many dollars 
worth of lumber. When required they can be furnished 
with caps for the butt ends of the timbers; however, unless 


Duff inline Jacks 

Built especially for service in coal mines 
where it is necessary to have a jack of the 
very simplest design. Will not become 
clogged with fine rock, dirt or coal. Espe¬ 
cially useful for handling coal-cutters. They 
contain only three simple operating parts, 
each part strong and positive in action, 
namely the machine cut steel rack, the 
socket lever and retaining pawl. These 
jacks may be lowered notch by notch when 
under the load or dropped instantly when 
free. 


Cap. Weight 

.Tack In Height Raise with Code List 

No. Tons Inches Inches i^ever Word Price 

226 2H 18% 10% 31 Wool $18.00 

223 4 22 13 50_Wayne 26.00 




Duff Ratchet Jacks 

These jacks are ratcheted up or down notch by notch, the direction being reversed by the shifting of the position of 
the reversing lever. Adapted for the rapid handling of mining machinery, motors, mine cars, light and narrow gauge 
track and all general lifting purposes. They are built of the very best materials and are as simple and perfect in con¬ 
struction as it is mechanically possible to make them. They represent manufacturing and engineering experience extend¬ 
ing over a period of 38 years. Standing squarely behind the performance of every Duff Jack is the name and reputation 
of the largest jack manufacturers in the world. 


Jack 

Capacity 

- - ^ - 

Height 

Raise 

Size Bar 

Weight 

Code 

List 

No. 

In tons 

Action 

Inche.s 

Inches 

Inches 

Pounds 

Word 

Price 

50 

5 

double acting 

16 

8 

l%xl% 

35 


16.00 

51 

5 

double acting 

21 

13 

l%xl% 

42 

Duke 

18.00 

18 

10 

single acting 

21 

10 

l%xl% 

75 

Roge 

25.00 

2 

10 

double acting 

21 

10 

l%xl% 

70 

Bote 

25.00 

3 

12 

double acting 

26% 

15 


100 

Clmo 

30.00 

4 

16 

double acting 

22 

10 

2 x2 

106 

Data 

85.00 

339 

15 

single acting 

22 

11 % 

2 %xl% 

87 

Soak 

40.00 

219 

15 

single acting 

28 

17% 


105 

Seam 

40.00 

29 

25 

single acting 

28 

17 

2 %x2% 

190 

Star 

95.00 
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g28 HEATING STOVES. 


INDIANA FOUNDRY COMPANY, INC. 


INDIANA FOUNDRY COMPANY, Inc. 

154 Clymcr Avc.. INDIANA, PA. 

Heavy Heating Stoves 



We have been specializing in the^manufac- 

ture of plain, heavy 
Heating Stoves for 
over forty year s. 
These years of experi¬ 
ence have enabled us 
to work out a mix of 
iron which insures the 
longest possible serv¬ 
ice for the castings 
which make up these 
stoves. Each indivi¬ 
dual part is carefully 
designed and properly 
proportioned. Every 
stove is assembled at 
our plant before ship¬ 
ment is made, thus 
making sure of a per¬ 
fect fit. Our stoves are 
fully guaranteed 
against defects in ma- 

Hound Top Uexter 


'height. 

eight..... 220 lbs. 

lameter of Fire Bowl. 

ize of Stove Pipe. 


terial 

ship. 

or 

workman- 

No. 4 

No. 5 

No. 6 

40" 

46" 

52" 

220 lbs. 

330 lbs. 

500 lbs. 

16" 

19" 

22" 

6" 

6" 

7" 


The Dexter Stove, in both the round top and 



Flat Top Pexler 


flat top styles, is an 
old favorite, having 
been on the market 
for a great many 
years. 

This stove is 
equipped with both 
basket and shaking 
grates. Being made in 
three different sizeis, 
the purchaser can 
choose the proper size 
for the particular pur¬ 
pose in mind. Dexter 
Stoves are simple in 
design, and massive 
in construction. We 
do not hesitate to 
make the statement 
that there is no better 
plain, heavy heating 
stove on the market 
today than our Dexter. 


Height. 

Weight. 

Diameter of Fire Bowl 
Size of Stove Pipe.... 


No. 4 No. 5 No. 6 

40" 40" 52" 

220 lbs. 220 Ib.s. 500 lbs. 
IG" 19" 22" 

6" 6" 7" 



The stoves illustrated on this page show only 

four of the many 
different styles and 
sizes which make up 
our line. We have a 
stove to offer for 
every requirement, 
from the smallest to 
. the largest. We will 
gladly send our illus¬ 
trated stove catalog, 
which shows our en¬ 
tire line, upon re¬ 
quest. 

We are in posi¬ 
tion to furnish Ca¬ 
boose Stoves, Laun¬ 
dry Stoves (with 
one, two or four 
lids), School House 
and Church Stoves 
and Stoves for Shops, 
Factories, Railroad 
Flat TOP Jumbo Stations, etc. 


“Jumbo” is one of the largest heating stoves on 
the market. This stove can be furnished with 
either round or flat top, as shown in the illustra¬ 
tions. Weight about 660 lbs., height 54", diameter 
of fire bowl 23", floor space required 32"x36", 
smoke pipe 7". 



‘Jumbo” Stoves 


Kiiuncl Toi> Jumbo 


are fitted with combination 
shaking and dumping 
grates, which permit 
the fire to be easily 
and quickly cleaned. 

When we design¬ 
ed this stove, our 
idea was to place on 
the market a stove 
large enough to meet 
the most severe con¬ 
ditions, heavy enough 
to give the utmost in 
service, and yet to be 
neat and pleasing in 
general appearance. 
That we have been 
successful in carry¬ 
ing out this idea, is 
proved by the large 
number of Jumbo 
Stoves in actual use 
today. 


Our Illustrated Stove Catalog, Which Desciibes in Detail Our Complete Line of Stoves, 

Will Be Gladly Sent Upon Request 
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THE B. F. GOODRICH RUBBER CO. 


MINERS* FOOTWEAR 


THE B. F. GOODRICH RUBBER CO, 

BOSTON NEW YORK AKRON KANSAS CITY MINNEAPOLIS 
CHICAGO DENVER SEATTLE 

Goodrich 

Hi-Press 

Rubber Footwear 

With the Red Line 'Round the Top 


A very important feature of The B. F. Goodrich 
Rubber Company’s Rubber Footwear Line is Boots 
and Shoes for the Miner. Every type used in 
mines is manufactured. They are the finest pro¬ 
curable—made of highest grade materials through¬ 
out, and embodying all the experience and rubber 
knowledge gained by Goodrich during the course 
of over half a century of manufacturing experience. 

Numerous and rigid inspections insure the user 
footwear free from manufacturing defects and 


fully up to that standard which has brought Good¬ 
rich its reputation for high grade rubber goods 
throughout the entire world. 

To insure your always obtaining genuine Good¬ 
rich Rubber Footwear each Goodrich boot and shoe 
has been marked by the Red Line 'Round the Top. 
This is your sure guide to long economical wear 
and comfort—a Goodrich pledge of quality and best 
effort. 



White Hip 


SIXTY THOUSAND DEALERS SELL GOODRICH RUBBER FOOTWEAR 
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g^0 MINE SUPPLIES. 


COLONIAL SUPPLY CO. 



COLONIAL SUPPLY CO. 

217 Water Street 


Bell Phones, 1042-1043-1044 Court. 

PITTSBURGH. PA. 


P. & A.. 1870 Main. 



New York 
39-41 Cortlandt St. 

TRADERS 


Branch Offices 

Philadelphia Youngstown, Ohio Wheeling, W. Va. 

1001 Chestnut St. 507 Stambaugh Bldg. 40 11th St. 

EXPORTERS IMPORTERS 

'^Everything for the Mine’^ 


Products 


Abrasives 

Contractors Supplies 

Hardware—All Kinds 

Oil Well Supplies 

Sisal 

Anemometers 

Conveying Machinery 

Hatchets 

Packing—All Kinds 

S. K. F. Ball Bearing 

Anvils 

Copper 

Headlights 

Pails 

Hangers 

Asbestos Goods 

Cordage 

Heaters 

Paints 

Sledges 

Augers 

Cots 

High Speed Tools 

Paper 

Smoothon 

Automobile Supplies 

Couplings 

Hitchings 

Picks—Clay, Coal 

Spikes 

Axles 

Drills 

Hoists 

and Puncher 

Stable Fittings 

Babbitts 

Duck 

Hose—All Kinds 

Pillow Blocks—“S. K. F.” 

Steam Traps 

Ball Bearing Hangers 

Dynamite 

Hydrants 

Pipe and Tubing— 

Steel Goods 

Barrows 

Electrical Supplies 

Hytemplte Bonding Ce¬ 

All Kinds 

Stocks and Dies 

Barry Transmission 

Elevator Buckets 

ment 

Pipe Fibre 

Stoves 

Appliances 

Emery 

Ice Tools 

Plates—Steel and Iron 

Stucco Machine— 

Bars—Steel and Iron 

Emery Cloth 

Indicators 

Pliers 

Hodges Electric 

Bells 

Emery Paper 

Injectors 

Plows 

Surveying Instruments 

Belting 

Emery Wheels 

Inspirators 

Plumbing Supplies 

Switches 

Benders 

Engineers’ Supplies 

Instruments 

Pulleys 

Tackles 

Bibbs 

Engines 

Iron and Steel Products 

Pumps—All Kinds 

Tanks—All Kinds 

Bits—Mining Machine 

Expanders 

Jackhammer Air Drills 

Rags—Wiping 

Tapes 

Blacksmith Supplies 

Extinguishers—Fire 

Jacks—All Kinds 

Rail Benders 

Taps 

Blasting Machines 

Fans—Electric 

Karge Cushion System 

Railroad Supplies 

Tents 

Blocks 

Fans—Mine 

Knives 

Ratchets 

Thermometer.s 

Boilers 

Farriers’ Tools 

Lace Leather 

Rawhide 

Tools—All Kinds 

Boiler Tubes 

Fence 

. Lamps—Miners’ 

Reamers 

Torches 

Boiler Trimmings 

Fibre Pipe 

Ladders 

Recording Gauges 

Track Tools 

Bolts 

Files 

Lanterns 

Rooflng—All Kinds 

Transmission Ap¬ 

Brass Goods 

Filters 

Lathes 

Rollers—Wood 

pliances 

Brattice 

Fire Alarms 

Lead Pipe, etc 

Rope—All Kinds 

Trolleys 

Brooms 

First Aid Supplies 

Leather—All Kinds 

Rope—Manila 

Trucks 

Brushes 

Fittings 

Leather Belting 

Rope—Wire 

Tubes 

Buckets 

Flanges 

Forgings 

Lineman Supplies 

Rosin 

Tubing—All Kinds 

Builders’ Supplies 

Lubricators 

Rubber Goods of 

Turnbuckles 

Burners 

Forks 

Lumber 

All Kinds 

Twine 

Cables 

Foundry Supplies 

Machinery 

Safety First Supplies 

Unions 

Can 9 

Furnaces 

Mattocks 

Sand Paper 

Valves—All Kinds 

Cars 

Fuses 

Meters 

Salamanders 

Ventilators 

Carts 

Gauges—All Kinds 

Mine Supplies 

Sand Driers 

Vises—All Kinds 

Castings 

Gaskets 

Mine Tools 

Saws—All Kinds 

Wagon Supplies 

Cement 

Gas Supplies 

Mine Ventilation 

Scales—All Kinds’ 

Washers 

Chain 

Glass 

Equipment • 

Scrapef Heads 

Waste—Cotton and 

Chalk 

Glue 

Motors 

Screw Plates 

Wool 

Checks—Brass 

Graphite 

Nails 

Separators 

Waste Cans 

Chemicals 

Greases 

Natural Gas Supplies 

Shafting 

Wheelbarrows 

Chucks 

Grinders 

Nipples 

Sheets—Steel 

Wheels 

Clamps 

Hack Saw Blades 

Nuts 

Shoes—Horse all kinds, 

Whistles—Electric 

Clips 

Hammers 

Oil Engines 

Mule 

Wire—All Kinds 

Clocks 

Handles 

Oilers 

Shovels 

Woodworkers’ Tools 

Cocks 

Coke Oven Supplies 

Hangers—Pipe 

Hangers—Shaft 

Oiling Devices 
, Oils 

Signals 

Signs 

Wrenches—All Kinds 



The welding Processes used to fabricate the “NAVCO” extra heavy pipe header here illustrated, 
and by the use of the “NAVCO” Square Lap Joints to connect it with the line and branches, reduces the 
liability of leakage to a minimum and eliminates many expensive flanged joints. 
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Our Engineering Department, consisting of Special Engineers, offers you free advice on Power Saving, 
Transmission Installations, Refractory Problems, Work Shop Equipments, Illumination and Equipment 
of Mines and Oil and Gas Engines. 


SKF Ball Bearing Hangers and Pillow Blocks 
^Utilize a 11 

staUing SKF 

treme conditions 

of misalignment. The inner race tilts with the 
shaft like a ball and socket joint and the bearing 
can never bind. Incidentally, they will save 80% 
of your oil bill, because they are sealed oil-tight by 
felts. Repairs and replacements are so infrequent 
as to be almost negligible. 

Leather Belting 

Especially adapted to Mine Use is Alexander 
Dreadnaut Leather Belting—^Im- 
preyed Waterproof—Impervious 
to water and moisture. 


M 


Barry Steel Split Pulley 

Built for strength. Con- . 
structed entirely on the tubular 
plan combining great rigidity 
with extreme lightness. No 
rivets are used in its construc¬ 
tion. It is electrically welded. 

Made entirely of special steel and formed in 
accurately constructed dies. 

Gives “Maximum Horse Power 
with Minimum Beltslip” and comes 
in both straight and crown face in 
all sizes. Crown face is always fur¬ 
nished unless straight is specified. 

Colonial Black Gum Wood Mine 
Rollers 

Guaranteed to give fifty percent 
increased efficiency of haulage lines, 
reduce maintenance cost, provide 
truer alignment of gudgeons, mini¬ 
mize roller and cable abrasion, do 
away with flat roller trouble and 
make a wonderful saving in power. 
Genuine Black Gum Wood used in 
their manufacture—no soft sweet or 
red gum—no tupelo or second grade 
black. 


They are bored straight, the gudgeon cannot 
wear loose, the roller is true and smooth in its rota¬ 
tion and there is better protection afforded to steel 
cables, while the life of the roller is greatly pro¬ 
longed. 

Colonial Jackhammer Drills 

The Newest and the Best, representing the 
highest efficiency, indestructiblity, simplified design 
and operation. Any size for any rock. 
Anemometers 

Genuine Birams Anemometers for registering 
Air Currents in Mines, Tunnels, Flues and Furnaces. 
Colonial Babbitt Metal 

Just Fits the Ladle, Melts ■Quickly, Pours Uni¬ 
formly, Very Hard, Stands Heavy Duty and Re¬ 
sists Wear. The Best Babbitt for General Service. 
Royal Cott<m and Wool Waste 

Clean, Soft, Downy, Absorbent, Resilient. Clean 
and free from foreign substances. 

Oil Engines 

Fuel problems are removed and operating costs 
materially reduced by the installation of a “Wol¬ 
verine” Stationary Oil and 
Producer Gas Engine. Owing 
to its extremely simple and 
strong design, this engine is 
ideal where reliable power is 
required without complicated 
mechanism. For driving small i 
power plants, isolated machin¬ 
ery, electric lighting units, 
pumping purposes, and a mul¬ 
titude of other applications, 
this engine is a favorite 
power, because it is simple to install, cheap to run, 
easy to manage and above all, absolutely depend¬ 
able. We have in stock Oil Engines from the 
smallest to the largest size. 

Sluice Gates 

Controlling Gates for Tunnels and Canals, Inlet and 
Outlet Gates for Filter Plants and every variety of service. 

Pipe and Tubing 

Factory inspected, carefully selected, pipe is an impor¬ 
tant factor in Colonial Pipe Service. A rigid standard of 
quality with a careful and prompt distribution helps us cut 
your maintenance costs. 

Our stocks are complete with Wrought Iron and Steel 
Pipe, Wrought Iron and Steel Tubing, Wrought Iron and 
Steel Line Pipe, Lap Steel Welded Boiler Tubes, Lap Welded 
Charcoal Boiler Tubes, Pure Copper Boiler Tube Ferrules. 
Also Mild Open Hearth Lap Welded “Perfect” Seamless Cold 
or Hot Drawn Steel Tubes and Tyler Tubes. 



Bermico Fibre Pipe for sulphur water and other acids. 
Wood Pipe in all sizes for all purposes. 

Pipe of any size cut and threaded to your blue print or 
sketch. 
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Duriron Acid Resisting Metal Products 

Wherever in your plant there is acid to be com¬ 
bated Duriron is the metal to be used. It is being 
adopted by many chemical manufacturers and in¬ 
dustrial plants because of its practically everlast¬ 
ing wear. Once installed, acids beat against it in 
vain. 

Among the many things now made of DUR¬ 
IRON are Drain Pipes, Ejectors, Fittings, Plug 
Cocks, Pressure Pipe, Pumps, Sheaves, Sinks; 
Valves and Wood Tank Connections. 

Surveying Instruments 

For accurate and rapid approximate surveys in 
ascertaining variations in gradients and levels in 
i*oad making, railways, canals, water courses and 
in mining. 

Colonial Brattice Cloth 

Three grades of Non-Inflammable, Rot-Proof, 
Tear-Resisting and Long-Wearing Brattice. Made 
of Genuine Imported Jute. 

Valves 

Discriminating application of 
our valve knowledge to your 
needs by experienced engineers 
makes Colonial Service of su¬ 
perior value. Our stocks are large 
and complete, containing a valve 
for every i>ossible working con¬ 
dition. Every Valve we handle 
has been selected for some spe¬ 
cific purpose after thorough inves¬ 
tigation of all makes. Our Valve 
Department is under the manage¬ 
ment of experienced en^neers, 
who will gladly consult with you 
regarding your own valve in¬ 
stallations. 

Colmiial Packing 

Especially serviceable for Steam Piston, Am¬ 
monia and Hot Water Pumps. Made in Coil, Spiral 
or Ring form for high and low pressures. 

M and M Rail Clamps 

The Kind that Grips but Never Slips. Best in 
use for Cars on Grades, Loading Platforms, Under 
Tipples, Traveling Cranes and Car Stops on Air 
Ferries. 

Flexipipe 

A Flexible Air Tubing made from strong can¬ 
vas, impregnated chemically to render waterproof 
and airtight. Carries a fresh supply of air from a 
fan or blower right against the face in drifts and 
shafts; eliminates lost time and lowers temperature. 

Fire Prevention Apparatus 

Our complete line of fire prevention apparatus 
includes the three-gallon soda and acid fire extin¬ 
guisher, the one-quart ever ready hand pump ex¬ 
tinguisher and so on up to large chemical engines. 

The Colonial 3-Gallon Chemical Fire Extin¬ 
guisher combines strength of construction, ease of 
operation, readiness at all times and absolute 



certainty of action with no hitches 
at critical moments. There is no 
hard-to-reach nook or comer that 
can escape its powerful stream of 
Are quenching soluton. Made of the 
best rolled 16 B. & S. Stubb gauge 
cold rolled copper, heavy brass cast¬ 
ings and rail, ground joint, crimp 
brass ferrule, and 5-ply rubber hose 
instead of the cheaper 3-ply used by 
many extinguisher makers. The 
metal is non - corrosive. Weight 
171/4 Ihs. empty—charged and ready 
for use it weighs 38 lbs. Capacity 
3 gallons. Stream can be thrown a 
distance of 50 feet. 

Tested by Underwriters’ Labora¬ 
tories (Inc.) under the direction of 
the National Board of Fire Under¬ 
writers. 

“Ceag” Miners’ Lamps 

Made entirely of metal: There is no possibility 
of leakage and no danger of harm to men. No 
Alkaline used. 

On account of using solidified electrolyte in its 
manufacture the lighting is uniform regardless of 
angle or position of the battery. All parts easily 
exchangeable. 

Insulated Brush 

Found most efficient for cleaning around switch¬ 
boards, insulators and electrical equipment. Makes 
cleaning thorough and safeguards your men. Non- 
Conductor of electricity. 

Linemen’s Collapsible Tool Bag 

Eliminate danger of tools falling to the ground 
and so being out of reach when wanted—or injuring 
persons below. Made with canvas sides and wooden 
bottom—no metal paAs to come in contact with 
electric current. 

Pocket Blasting Machine 

Fires 5 shots at once. Operates by key in base. 
Built for hard use. Dust and moisture proof. 

Corrugated Roofing 

Strongest and most rigid of all 
forms of sheet metal roofing or sid¬ 
ing. Easily and rapidly applied. 

Colonial Rubber Roofing 

Specify “Colonial” when ordering 
Rubber Roofing. It is not affected by 
acid conditions which abound in mine 
service and around coke ovens. Eas¬ 
ily applied on either flat or steep sur¬ 
faces. Contains no tar and has fire 
resisting qualities. It resists wear, 
wind and weather. Nails, cement and 
directions for laying packed in each 
roll. 

Furnished in rolls 36 inches wide 
and 36 feet long, 108 square feet, or 
sufficient to cover one square roof 
surface. 
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